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Executive summary

The work of this task force was initiated in 2008 in the context of Road Safety Vision
2010, Canada’s former national road safety plan. The goal of the Vision was to make
Canadian roads the safest in the world by 2010. In order to reach this goal, the Vision
called for a 30% decrease in the average number of road users killed or seriously injured
during the 2008-2010 time period compared to the 1996-2001 baseline period.

The Vision targeted eight specific road safety problems and presented objectives for each
of them. Motor carrier safety was one of these targets, and the objective sought was to
achieve a 20% decrease in the number of road users killed or seriously injured in crashes
involving commercial vehicles (CMV). Working towards this objective became a priority
for CCMTA’s' standing committee on Compliance and Regulatory Affairs (CRA), which
is mainly focused on managing regulatory and operational processes within the motor
carrier industry.

At the 2007 CCMTA meeting in Edmonton, CRA members were presented with the
Vision’s mid-term report which indicated that for the 2003-2005 period, CMV related
fatalities remained virtually unchanged (0.4% lower than baseline) and serious injuries
actually increased by 11.6% over the 1996-2001 period. In light of these findings, CRA
members felt that there was a need to explore new approaches to enhance the safety of
the motor carrier industry in Canada. Consistent with numerous research findings being
brought forward at the time, driver behavior was identified as a priority for action.

Transport Canada was mandated to draft a paper to discuss driver behavior issues, review
the situation in the U.S., examine how National Safety Code (NSC) standards address
these issues and suggest a preliminary action plan (Thiffault, 2007). The paper was
presented to CRA members in October 2007, and it was decided that a task force formed
of government and industry stakeholders would be put in place to pursue this action plan
further. The Human Factors and Motor Carrier Safety Task Force was given a 3-year
time frame (February 2008 to February 2011) to achieve the following mandate:

Phase I Conduct an in-depth assessment of the human factors associated with
commercial vehicle crashes (for drivers of both light and heavy vehicles)
as well as the most efficient interventions addressing these issues;

Phase 1I Investigate how human factors involved in commercial vehicle crashes are
currently addressed by Federal and Provincial programs and regulations,
as well as by voluntary initiatives within the motor carrier industry in
Canada;

Phase 111 Formulate a strategy for interventions addressing human factors for light
and heavy vehicle drivers involved in commercial vehicle crashes. This
strategy will consist of the best practices identified in phase I but adapted
to the Canadian situation, as reviewed in phase 1I.

! Canadian Council of Motor Transport Administrators

Human Factors in the Motor Carrier Industry in Canada 1ii



Phase I was conducted by means of an extensive literature review as well as an
examination of a subset of data stemming from the Canadian National Collision Database
(NCDB) relative to CMV related crashes during the 2003-2007 time period. Numerous
sources, using various methodologies, indicate that the most significant causation factors
for CMV crashes relate to drivers recognition and decision errors rather than performance
errors or the use of drugs and alcohol. This does not mean that there are no problems in
these latter areas, however it implies that from a risk-based perspective, addressing
recognition and decision errors should be a priority.

A comprehensive review was conducted of the factors and processes that are potentially
responsible for these driver errors, as well as of the mechanisms, or behavior
modification principles, that could be used to influence them. Next, the main classical
interventions in use today were assessed according to the extent that they make use of
these mechanisms or principles. Various observations were then made with regards to
leads that could be followed in each of these domains.

In phase II, 56 motor carriers, 6 industry associations and all Canadian provincial
governments were surveyed in order to identify the interventions currently in place to
address recognition, decision, performance and non-performance errors in the country.
While the information gathered was mostly high-level and did not provide in-depth
descriptions of programs and regulations, it nevertheless comprised valuable contextual
and descriptive data. A review of NSC standards was also conducted.

In phase III, the findings of phases I and II were merged in a form of gap analysis in
order to generate a strategy. The resulting discussion presents a set of 44 action items to
address fatigue, distraction and risky driving. Note that these recommendations are put
forward from a purely scientific perspective. Practical issues such as the operational
needs of the industry, the structural makeup of jurisdictions overseeing road safety in
Canada as well as within CCMTA, the scarcity of financial resources and research
facilities in the country, etc., still need to be taken into consideration.

The suggested actions are meant to be taken as a starting point intended to encourage new
discussions among stakeholders. They should help in structuring our efforts as we strive
towards evidence-based, theory driven and scientifically sound interventions to mitigate
driver errors. What options will be retained, how they can be prioritized or regrouped,
how these projects should be managed, by whom and with what resources, are all
questions that remain to be answered. These issues will be addressed in later stages of the
process. The results of phase III are presented below.

Results
Recognition errors
Recognition errors mainly relate to inattention as it is caused either by fatigue

(hypovigilance) or distraction. The prevention of recognition errors therefore involves
mitigating the effects of the factors that contribute to fatigue and distraction.

Human Factors in the Motor Carrier Industry in Canada iv



Fatigue

The main contributors to fatigue were presented and risk factors specific to the motor
carrier industry were documented. As noted, hours of service (HOS) regulations
theoretically address important risk factors, even though they have significant limitations.
The case is made that HOS regulations are necessary but not sufficient to address fatigue
in the motor carrier industry. There is therefore a need to make stakeholders understand
this reality: HOS rules form the foundation of fatigue management, but they need to be
complemented by various initiatives to generate a comprehensive and efficient fatigue
management approach. This conclusion is important given the fact that many
jurisdictions report HOS rules as the sole and primary means to address driver fatigue.
Considerations with regards to complementary initiatives are presented below. But first,
with regards to HOS per se:

Hours of service

e HOS rules are necessary but they are far from being perfect, nor sufficient. They
therefore need to be part of a more comprehensive fatigue management strategy
that should be recognised and endorsed by industry and governments;

e HOS rules should be enforced with tamper-proof equipment such as Electronic
On-Board Recorders;

e The operational and safety effects of the new HOS rules in Canada should be
evaluated.

The determinants of the decision to keep driving while drowsy

Even though drivers have good knowledge about fatigue and fatigue countermeasures,
they tend to resist and try to fight fatigue with effort - which is clearly ineffective and
very risky. This implies that behavioral determinants other than knowledge are at play
and that identifying these determinants for Canadian CMV drivers could help develop
efficient strategies to influence this decision making process. It is therefore suggested that
a study investigating the psychological determinants of the decision to keep driving while
experiencing fatigue be conducted. This could be done with the support of a theory such
as Theory of Planned Behavior (TPB), as detailed in the report.

Macroergonomics of the motor carrier industry

On a corollary note, the discrepancy between drivers’ actions and knowledge with
regards to the self-management of alertness most certainly has to do with how the
macroergonomics of this industry (e.g. compensation schemes, company policies,
shippers) are shaping drivers motivations and attitudes. For example, the way the pay
structure is designed is most likely a significant determinant of the decision to keep
driving while drowsy. It is premature to formulate any recommendations without entering
into a formal in-depth investigation. However given the importance of this issue, it is
necessary to recommend that such an examination take place in the Canadian context.

Human Factors in the Motor Carrier Industry in Canada \



Training, testing, licensing

As seen in phase II, 69% of carriers acknowledge that fatigue is part of their driver
training activities. Governments also identify training as a central piece in their approach
to driver fatigue. What is important therefore is to make sure that these training initiatives
include specific high-level knowledge elements with regards to driver fatigue. The
scientific review suggests that the following areas should be covered in both training and
testing:

e The focus should not only be on endogenous risk factors such as time-of-day,
time-on-task, time-awake and sleep needs but also on exogenous factors such as
road monotony as well as the impacts of various individual differences;

e Drivers should be made aware of the risks of night driving and given proper
strategies to deal with them;

e Drivers should be convinced of the superior efficiency of pre-trip fatigue
management (getting enough sleep, properly planning journeys with opportunities
to rest and take regular breaks, proper food and exercise, etc.) compared to in-
transit countermeasures. Training with regards to the self-management of
alertness should focus on these pre-trip strategies;

e Drivers should be made to understand the proximal relationship between signs of
drowsiness, microsleep and falling asleep per se. This would reveal to them the
real level of risk associated with trying to fight drowsiness with effort;

e Drivers should be made to understand the significant impact of early fatigue on
attention, which leads to inattention errors. The key is to insist on the fact that
early fatigue signs are not felt as drowsiness but rather as mood fluctuations and
boredom. Drivers should be convinced that these early fatigue states are
associated with crashes that are related to inattention and that there are effective
countermeasures that can be adopted while experiencing these early symptoms;

e Drivers should be made to understand the relative efficiency of fatigue
countermeasures and they should be taught exactly what is best to do in various
specific fatigue inducing contexts.

Globally, there is a need to scrutinize existing driver-training curricula and the various
training practices available to CMV drivers to assess if the above-mentioned items are
covered and to promote their inclusions if it is not the case. An option would be to
develop fatigue-related material that would abide with these principles and to make it
available to the training community and the industry. Note that these issues should also
be covered in testing and licensing procedures.

Fatigue Management Programs

The North American Fatigue Management Program (NAFMP), which will be made
available to motor carriers throughout North America on a web-based platform in 2012,
represents an important scientifically developed complement to HOS regulations. It is
recommended that governments and industry stakeholders vigorously promote the
voluntary adoption of the program by motor carriers of all sizes.
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As a reminder, the NAFMP is comprised of education components for drivers,
dispatchers, company management, family members etc, OSA screening and treatment
guidelines, procedures and tools, scheduling guidelines and tools as well as
recommendations with regards to the use of fatigue monitoring technologies. Note that all
of these interventions, which are central to fatigue management, are not part of HOS
regulations. This provides further support to the notion that an approach solely based on
respecting these rules - and especially pushing them to the limit - falls short in terms of
oversight and most likely effectiveness.

Scientific napping/recovery guidelines

It is widely understood that sleep is the most efficient way to address fatigue. Naps and
recovery periods are therefore central to a comprehensive approach to manage fatigue.
Some of the North American stakeholders that brought forward the NAFMP are currently
involved in a combined field/lab research project to develop, test and validate various
napping and recovery guidelines that will take into considerations factors such as
day/night driving as well as individual differences in fatigue susceptibility.

The results of this research are intended to: 1) improve highway safety and driver well-
being, 2) maximize the potential for schedule flexibility to better accommodate
operational and driver needs, and 3) provide improved means for rapid and safe recovery
from fatigue in the event of unforeseen schedule variations. It is therefore emphasized
that the results of this important research project should be taken into account in further
developments of a comprehensive Canadian approach to manage the fatigue of CMV
drivers. An efficient way to make this possible will be to incorporate these guidelines into
the NAFMP framework.

Fatigue monitoring technologies

Carriers, industry associations as well as jurisdictions have expressed the need for easy
access to affordable and efficient fatigue monitoring technologies. Back in 2003
Transport Canada conducted a study entitled Fleet demonstration of technological aids
for the management of fatigue among commercial motor vehicle drivers. There have been
many developments in the field of fatigue monitoring since then however, with different
technologies based on various approaches entering the market.

There is therefore a need to update the 2003 study in order to test various new
technologies in an operational setting and to assess their efficiency in detecting early
signs of fatigue. Issues related to user acceptance and behavioral adaptation also need to
be investigated further. Depending on the results, a strategy for the widespread inclusion
of these technologies in the motor carrier industry could be developed and recommended.
The use of various forms of incentives to stimulate the adoption of these technologies
should also be considered.
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Crash avoidance technologies

It is becoming increasingly clear that crash avoidance technologies such as electronic
stability control (ESC), forward collision warning systems (FCWS), lane-departure
warning systems (LDWS) and blind-spot cameras can be beneficial for safety. It is
therefore recommended that their utilization be promoted in the motor carrier industry.
Government-issued incentives like the ones given in the U.S. to help carriers to equip
their fleets should be considered. However, issues such as user acceptance and behavioral
adaptation also need to be studied further in this context. This could lead to the
development of driver-based interventions that could be implemented as a complement to
these systems,in order to mitigate potential negative safety impacts.

Obstructive sleep apnea

Carriers, industry associations and jurisdictions have expressed the need for an easy
access to OSA screening procedures. While OSA screening and treatment is a component
of the voluntary NAFMP, this issue nevertheless needs to be addressed more globally.
Note that the current situation in the U.S. whereby rulemaking is in development, as well
as the discussions of the CCMTA OSA working group, should make the issue progress in
2011. No immediate action items are therefore suggested for the moment, aside from
promoting the NAFMP, monitoring what the U.S. does and waiting for the deliverables
of CCMTA’s OSA working group. Once all of these pieces in place, a reassessment of
the situation should be conducted.

Rest areas

Assessing the current situation with regards to rest areas in Canada is critical for the
development of a comprehensive fatigue management approach. Transport Canada is
currently conducting a study to assess the supply and demand for truck parking. The
study will determine truck drivers' parking habits and preferences, identify areas where
designated truck parking might be difficult to find, and determine how any possible
shortages of parking might impact on safety, productivity, and personal well-being. The
results of this study will help to identify the magnitude of the problem, which is the first
step for the development of effective long-term solutions. Once the study is completed, a
strategy should be drafted. Note that since Quebec is revamping its global rest area
structure, their experience in this process could be documented and made available to the
other jurisdictions.

Rumble strips

Rumble strips represent a proven countermeasure to mitigate the effects of driver fatigue.
Studies indicate decreases of 21% and 25% in single vehicle crashes by lateral and
central rumble strips respectively. There is therefore a need to promote the installation of
lateral and central rumble strips across the country. Reviewing the Canadian situation and
developing safety and business cases are logical next steps that could help promote
improvements in this area.
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Distraction
The determinants of the decision to use distractors while driving

Studies have shown that drivers tend to use distractors while driving even knowing this
seriously increases crash risk. It was also shown in experimental settings that drivers tend
to use distractors impulsively, without considering variations of demands from the
driving tasks, even if they are made aware of such variations in advance. These studies
indicate that the decision to use distractors while driving is influenced by determinants
other than knowledge. Assessing these determinants for the Canadian CMV driver
population is an important first step for the development of targeted interventions. There
is therefore a need to conduct a study to better understand the determinants of driver
distraction in the motor carrier industry in Canada. Based on a representative sample of
drivers, the study would assess the impacts of attitudes, motivation, personality
dimensions and risk perception on the decision to engage in distracting behaviors while
driving. Once completed, such a study would inform the development of interventions
based on education, training, awareness, enforcement and company safety programs.

Training, testing, licensing

Driver education is seen as a key component of driver-based interventions to address
distracted driving. There is however a need to assess current educational material and to
run a gap analysis on the basis of the specific recommendations expressed in phase I with
regards to issues that should be covered. As mentioned, a special focus should be put on
high-level goals, motives, and strategic functions.

Given the increased penetration of telematics and communication devices in the task
environment of CMV drivers, they need to understand the basics of attention processes as
well as the notions of workload and task demands. CMV drivers should be made aware
that their attention runs on a single channel mode and that simultaneous tasks with
fluctuating workloads may create a situation where attention capacity is overloaded,
resulting in severely increased crash risk. Once they really understand this dynamic, it is
likely that drivers will be more motivated and better equipped to self-manage their
attention and to more efficiently plan their use of distracting devices while driving. A
legitimate option would be to develop distracted driving material that would abide by the
various scientific principles discussed in phase I and to make it available to the industry.

STEP programs

Strategic enforcement (STEP) programs were shown to be efficient in dealing with DWI,
seat-belt use as well as aggressive driving around large trucks and buses. They could also
be used to address the use of distractors, including hand-held cell phones and texting, for
both the general driving population and CMV drivers. Such alternatives are currently
being developed in the U.S. as a follow-up to the Distracted Driving Summit. This
avenue needs to be seriously considered in Canada as well.
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Fleet level interventions

The following recommendations are presented in the report with regards to carrier-based
interventions to mitigate distracted driving:

¢ Employers should limit the availability of distracting technologies and devices;

e Employers should provide drivers with vehicles equipped with technologies
designed to minimize distraction;

e Employers should have clear policies to limit exposure to distractors;

e Employees should be provided with guidance as to when it is acceptable to
engage in distracting activities and when it is prohibited;

e Employers should provide education and training to teach drivers how to self-
regulate behavior with regards to driver distraction. Education should detail the
risk associated with the different types of distractors and provide guidance as to
how it can be mitigated;

e Carriers should implement systems to quantify the role of distraction in crashes;

e The efficiency of policies should be monitored with proper indicators.

Distractors-oriented countermeasures

e There is a need to make an inventory of current in-vehicle technologies with the
potential for distraction in contemporary heavy vehicles in Canada (includes both
OEM and nomadic devices, for both driving and non-driving tasks);

e There is a need to assess the distracting potential of these devices - taken both
independently and in combination — and to establish their effects on driving
performance;

e There is a need to assess how telematics devices (OEM and nomadic) are being
developed. More precisely, the government should evaluate whether human factor
guidelines are being used and how devices are being tested to determine if they
are suitable to be safely used while driving or not;

e @Given difficulties in applying design standards (rapidly evolving technology) and
performance-based standards (no widely accepted standardized assessment
methods), government needs to ensure that industry is following human factor
design processes promoting comprehensive, systematic and traceable application
of human factors considerations throughout the whole development cycle. Just
how prescriptive this approach should be needs to be determined;

e Research in the field of real-time distraction countermeasures should be
monitored and encouraged (funded);

e Special attention should be given to fleet dispatching devices and fleet
communication devices. These systems should be using workload managers and
lockdown functions while the vehicle is in motion, and these functions should be
uniformly utilised by the industry. Further R&D is needed in this context and
should therefore be encouraged (funded);

e Special attention should be given to instrument panels, which should also be using
workload managers and lockdown functions;

e Texting by drivers needs to be banned from all trucks and buses in Canada.
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Other things to consider

Reflecting on the action items that came out of the Distracted Driving Summit and the
recommendations/action items of CCMTA’s Expert Working Group on driver distraction,
it appears that most elements are covered in the actions suggested above. The following
points however, could be emphasized further:

¢ Information should be shared between governments on legislative and regulatory
options for driver distraction;

e CCMTA should determine and recommend best practices for provincial
regulations to address dangerous instances of driver distraction and the use of
after-market devices.

Decision errors

Decision errors mainly relate to risky driving behaviors. Again, this is not to say that
there are no other decision issues with CMYV drivers, but rather that from a risk-based
perspective risky driving should be prioritized. It was demonstrated that while passive
interventions such as crash avoidance technologies as well as vehicle and infrastructure-
oriented interventions still hold significant promise and should remain central to our
priorities, active driver-oriented interventions also represent an essential component for a
comprehensive and systemic approach to the problem.

The case was also made that current driver-oriented countermeasures are rarely based on
scientific theories of driver behavior and behavior modification and that they are seldom
evaluated. There is therefore a need for a significant R&D push to incorporate the vast
body of scientific knowledge that currently exists on these issues into new operational
interventions, or to use it to revamp existing ones. Naturally, these interventions, once
developed and implemented, should be periodically evaluated with sound methodologies
so that they can be continually improved on the basis of solid empirical data.

Carriers have a central role to play with regards to interventions aimed at mitigating
decision errors. There is therefore a need to work with the industry in this respect. The
development of scientifically sound and validated safety programs that can be made
available to the industry and adopted by carriers on a voluntary basis appears to be a
legitimate option. The development of safety and business cases should also be
conducted in order to stimulate the adoption of these programs.

Risky driving has traditionally been addressed under different theoretical approaches in
the fields of risk and traffic psychology. These different approaches bring complementary
understandings of these issues and underline the use of various levers for behavior
modification. The central themes were discussed and specific observations were made
concerning the use of each of these approaches to address the problem of risky driving in
the motor carrier industry. The first sets of suggested actions are therefore theory driven.
Observations regarding options for traditional means of interventions will follow.
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Theory driven recommendations to address risky driving

The psychosocial approach

Given the interrelationships between risk-taking and health-risk behaviors and given the
documented significant prevalence of these problems among CMV drivers, it is
recommended that the Problem Behavior Theory (PBT) be used to investigate these
issues further and to develop a program to promote a healthy lifestyle targeted
specifically at this population. As per the theory, the adoption of a health-enhancing
lifestyle should decrease the frequency of risky-driving behaviors.

The Theory of planned Behavior (TPB) has important implications for the evaluation of
the determinants of risky driving as well as for the development of tailored interventions
aimed at altering drivers’ behavioral intentions. The TPB in fact generates various leads
regarding the development or the revamping of safety interventions. These applications
cut across several domains, which are regrouped in the following statements:

e It is suggested to use the TPB to evaluate the determinants of various risky
driving behaviors for CMV drivers in Canada (attitudes, subjective norms,
perceived behavioral control - as well as underlying behavioral, normative and
control beliefs). Once we have a better understanding of what motivates risky-
driving amongst the different sectors of the industry, scientifically sound
interventions to alter behavioral intentions should be developed and evaluated;

e It is suggested to include TBP factors in a validated test battery that could be
used:

o By training schools at entry level, to orient trainees towards specific
“training clinics” targeted at particular determinants of risky driving as
defined in the theory;

o By carriers in the context of driver improvement programs, to orient
drivers with safety performance issues towards such specific “training
clinics”, and/or;

o In the context of a government-based intervention scheme such as the one
Quebec is currently putting in place, where drivers who reach specific
thresholds in terms of safety performance would be assessed and funnelled
into tailored interventions corresponding to their particular profile and
psychological makeup.

o Itis further suggested to use the TPB in an effort to develop these new approaches
or to revamp existing driver-oriented interventions to address risky driving
behaviors. This work could have implications for a large variety of interventions,
especially large-scale awareness campaigns, driver training, driver improvement
programs as well as interventions aimed at improving carrier safety culture.
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The personality approach

Personality is at the origin of a complex chain of behavioral production factors. Although
it is distally related to actual safety performance, it nevertheless has a central role to play
since it somewhat defines or conditions the utility of risky driving for individuals who
share specific personality dimensions. Furthermore, while personality indeed cannot be
changed, it associates with factors that can (attitudes, beliefs, subjective norms, risk
perception) and it is in fact through these associations that it generates risky driving.

Therefore, since personality outlines different subgroups of risky drivers, it is important
to address this issue by (1) assessing these dimensions, and (2) developing tailored
interventions aimed at changing what can be changed for these individuals.
Consequently, the implications of the personality approach relate to driver assessment,
driver training and driver improvement programs.

Driver assessment:

As mentioned, it is suggested that a driver assessment test battery be developed and
validated. The rule of thumb for driver assessment with regards to risky-driving is that it
should be multidimensional, including personality dimensions (sensation seeking,
aggression/social deviance) attitudes (using TPB and PBT frameworks), risk-perception
(computerized hazard perception testing) and actual driving style or driving performance
data (on-board monitoring data, vehicle parameters, driver records, driving simulators,
etc.). Given the intense ongoing activity in the field of driver assessment, conducting an
updated review of these variables and tools seems highly relevant. Also, given their
limitations, it appears more appropriate - scientifically speaking - to use these measures
in the context of driver training and improvement programs rather than in decision-
making processes for hiring or licensing purposes.

Behavior modification:

In terms of behavior modification, the objective is to change what can be changed within
the factors that interact with personality dimensions to produce risky driving. Central to
these factors are the psychological determinants identified under the TPB as well as risk
perception issues. Therefore, the first step is to assess the attitudes, subjective norms,
perceived behavioral control, and risk perception skills for both sensation seekers and
aggressive drivers. This can easily be done by adding personality measures to the above-
mentioned study on the psychological determinants of risky driving.

Once this is done, the observations made earlier concerning the use of the TPB to develop
tailored interventions aimed at altering behavioral intentions would also be applicable
here, but adapted to these two specific personality subtypes. In other words, there is a
need to develop specific means to alter the attitudes, beliefs, subjective norms, risk
perception, etc., of sensation seekers and aggressive drivers, and the TPB offers
interesting potential in this respect. This mainly has implications in terms of driver
training and driver improvement programs, as reviewed in the report.
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The risk perception approach

e [t is suggested that a study be conducted to investigate hazard perception skills
amongst CMYV drivers and how it relates to actual risky driving behaviors;

o This study should include the notions of confidence and over-confidence;

o It could be merged with the above-mentioned study on the determinants of
risky driving.

e Hazard-perception skills should be part of driver assessment test batteries,
possibly using interactive computer-based driving tasks and/or driving simulators;

e Hazard perception training programs should be included in both entry-level
training and driver improvement programs.

Traditional interventions

The previous sections presented theory driven options to mitigate risky driving. The
following observations will use another angle, which is to focus on traditional means of
addressing decision errors in the motor carrier industry. This includes training, safety
culture, incentive programs, safety technologies, programs targeting CMV/LV
interactions as well as government-based initiatives.

Training, testing, licensing

Driver training is clearly identified in the literature as a central piece in driver-based
interventions to address risky driving. Phase II also showed that carriers, industry
associations as well as government stakeholders identify training as one of the main
interventions for decision errors in Canada. There was however no information provided
as to the content of training curricula or training methods. In this respect, an ongoing
project lead by the CTHRC will provide important results with regards to the efficiency
of training content and methods. It is therefore emphasized that these results should be
factored into future discussions as they become available.

Commercial driver training in Canada is not mandatory and drivers are in fact trained
with a view to succeed in testing and licensing processes. According to various observers,
this may not be sufficient to ensure that they will become safe drivers. As discussed in
phase I, it is paramount - from a safety perspective - that efficient training components
address fatigue, distraction and risky driving, which are the main crash causation factors.
It 1s also of prime importance that these issues be covered in testing and licensing
processes, since the content of testing somewhat dictates the content of the training
curricula. The report lists various topics that should be included regarding each of these
issues as well as observations about strategies that could be used to trigger attitudinal
change through training. Note that these training elements should also be central to driver
improvement programs, either from a carrier or a government stand point.
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The following points should be taken in consideration when reflecting on the relevance of
training to address risky driving per se:

Based on a significant body of studies on the predictors of safety performance,
different authors underline that there is a need to address driving style, rather than
focussing only on driving skills in driver education. The question is therefore to
determine how driver training can influence the way drivers choose to drive. In
other words, how can driver education be used to target the predictors of risky
driving (personality, attitudes, subjective norms, lifestyle, risk perception, etc.)?

A sound strategy to answer this question would be to use the results of the
proposed study on the determinants of risky driving to identify the factors that
predict behavioral intention, that can be changed and be targeted through driver
education (attitudes, beliefs, risk perception, etc.);

In terms of how these factors could be changed, a preliminary review of literature
identified the leads listed below. It is however recommended that a
comprehensive review of attitudinal change models be conducted, with a special
focus on their successful applications within various public health and health
promotion domains.

o Training elements should be developed to alter drivers’ behavioral,
normative and control beliefs with regards to specific high-risk driving
behaviors;

o Training should involve active issue-relevant thinking from participants
(central route persuasion). A classroom format ideally conducted by an
individual that shares significant characteristics with the peer groups
would be indicated;

o Amongst other things, such sessions should target normative beliefs by
depicting a reality where positive safe behaviors are the norm and where
risky-driving is marginal and clearly linked with increased crash risk;

o With regards to personality an option is to include high-level information
that would make drivers really understand how sensation seeking and
aggression impacts on driving behaviors, while giving them precise
alternatives as to how they should cope with these personal influences;

o As mentioned, a strategy would be to use the study on the determinants of
risky driving to correlate personality dimensions with attitudinal factors
and identify the beliefs associated with sensation seeking and aggressive
driving that could be changed and therefore should be targeted through
driver education;

o In terms of attitude changes, as per the TPB, driver training could also be
used to promote a positive health-enhancing lifestyle that would positively
impact on CMV drivers’ health as well as their safety on the roads;

o Lastly, driver training should include hazard perception skills.
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Safety culture

CMV safety culture has been identified as a critical issue with regards to decision errors.
It was shown that the culture of an enterprise or group (carrier) has a direct effect on
individuals’ beliefs, attitudes and safety motivations. Since these concepts have been
confirmed as the main predictors of risky driving in risk psychology, programs to
implement a positive safety culture - or to improve the existing culture of a company - are
recognized as legitimate scientifically sound interventions to mitigate risky driving
behaviors.

The Safety Management System (SMS) approach, widely used throughout the world to
manage safety risks, particularly in transport operations, represents a strong strategy to
improve carriers’ safety culture and to impact on numerous predictors of risky driving at
the individual level. Furthermore, elements of SMS can be adapted to carriers of any size,
including owner operators. It is therefore suggested that:

e A state-of-the-art SMS especially crafted for the motor carrier industry in Canada
be developed and made available to the industry on a voluntary basis;

e This program should be complemented by safety and business cases that would
stimulate buy-in from the industry;

e The SMS should be adapted to carriers of various sizes with tools made available
for the whole spectrum of the truck and bus industry in Canada.

Applied Behavior Analysis

Incentive programs were identified as scientifically valid interventions to address risky
driving behaviors. As per their impacts on motivation, incentive programs represent a
strong strategy to change drivers’ desire do be safe, which is a central factor in risk taking
behaviors. The trucking and bus industry can therefore use incentive programs to its
advantage in terms of increased safety, enhanced profitability, better company morale,
greater productivity, reduction in personnel turnover, etc. These improvements can be
achieved either by developing new incentive programs or by analysing and revamping
existing ones on the basis of precise scientific knowledge relative to behavior
modification.

Even though there is little scientific literature on the use of incentive programs within the
trucking and bus industry, it appears that they are widely used, but often in an intuitive
carrier-specific mode. As reported in phase II, 71 % of the carriers who completed the
survey acknowledged the use of some sort of safety incentives. However, in the absence
of comprehensive scientific guidelines, it is likely that some of these programs may not
reap the desired results and may even bring about unintended negative impacts. This was
also echoed in phase II, as many carriers asked for clear scientific guidelines for the
development and implementation of incentive programs. It was also central in the
recommendations of the 1998 Transport Canada study.
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Given the complexity and the subtleties of such a behavior modification approach, it is
suggested that a state-of-the-art incentive program, based on cutting-edge scientific
knowledge emanating from the field of applied behavior analysis (such as the use of cues,
prompts, feedback, commitments and rewards), be developed and thoroughly evaluated.
Once developed and proven to be efficient, this program could be presented to the
industry, either to be adopted on a voluntary basis or to serve as a template - or a general
set of guidelines - that could be used by carriers to develop their own programs or to test
the scientific soundness of existing ones. Such a program should be accompanied by
strong safety and business cases that would be used in order to stimulate the use of the
approach within the bus and trucking industry.

Safety technologies

As mentioned in the fatigue section, crash avoidance systems such as FCWS, LDWS and
RSC should be part of a comprehensive package to mitigate driver errors. As shown in
phase II, stakeholders at every level expressed the need for these technologies. The tools
however remain largely absent from fleets, with less than 10% of carriers currently
reporting their use. The main reasons for this appear to be related to the costs of these
devices as well as their availability to the industry at large. This is why carriers are asking
for incentives such as tax rebates to facilitate their inclusion in operations.

Given the potential for safety benefits associated with crash avoidance technologies, it is
suggested that stakeholders recognize this potential and engage in a policy development
process that could set the stage for their large-scale inclusion in heavy vehicle fleets. This
process should include looking at incentives that would motivate the industry to adopt
these technologies. This process should also include studying behavioral adaptation and
driver trust issues and how these phenomena could be mitigated.

The use of low cost Driving Behavior Management Systems (DBMS) that record
parameters of driver behavior when a critical safety situation occurs is a good opportunity
to implement interventions to coach drivers with regards to their safety performance. As
mentioned before, the recorded information can also serve as a primary indicator of
driving style and could be coupled with other psychometric measures in a driver
assessment perspective. Drivers could then be directed through an intervention algorithm
that would contain specific options related to different types of risky-driving, or different
types of risky drivers.

The phase II survey also indicated that carriers are actually calling for easy access to low-
cost driver behavior monitoring solutions. It is therefore suggested that stakeholders
should recognize the potential of DBMS and engage in a policy development process that
could set the stage for a large-scale inclusion of these technologies. DBMS could be used
in the context of driver assessment processes and driver improvement programs, both
from a carrier or a government perspective.
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Interactions between light and heavy vehicles

Interactions between light and heavy vehicles have been identified as a central crash
causation factor. Comments received by carriers clearly underline the fact that light
vehicle drivers often do not understand the reality of CMV driving and that interventions
should be implemented to address these issues. Two programs were reviewed: Ticketing
Aggressive Cars and Trucks (TACT) and Operation Safe Driver (OSD). This assessment
led to the following observations:

e The TACT program appears to represent an appropriate and scientifically valid
approach to address LV/CMV interactions;

o The implementation of theory-driven attitude assessment and attitude
modification approaches could improve the awareness raising/education
component of the intervention, but this remains to be determined.

e While the TACT approach is well documented and evaluated, less material is
available to support the efficiency of OSD. However, since both programs have
important similarities, and given the massive support that CVSA gets from
government and industry players, OSD also needs to be supported;

o It would be relevant to document the intervention and its underlying
behavior modification principles and to have it scientifically evaluated
periodically.

e The idea that both programs should take a blitz format could be revisited. As
discussed, numerous alternatives are possible. It could be a good thing to analyse
these programs and their delivery on the basis of solid behavior modification
principles and to assess how they could be improved in order to adhere to these
principles.

Options for government-based initiatives

NSC standards 7, 12, 14 and 15 all relate to the core of safety programs for motor carriers
in Canada. When reflecting on the efficiency of this framework with regards to decision
errors, the important issues to consider are (1) the ability of these programs to identify
high-risk drivers in a short timeframe and (2) the type of interventions that are
implemented to address driver errors.

In light of the work being conducted in the U.S. with regards to CSA-2010, it is
suggested that a review be conducted to assess the capacity of the NSC framework to
identify high-risk drivers and to flag them for interventions. With regards to the
interventions per se, it appears like the traditional carrier-based paradigm is set to stay. In
Canada - like in the U.S. - it is mainly up to carriers to come up with driver improvement
initiatives aimed at high-risk drivers. The case was therefore made that governments
could help the industry in this endeavour by providing expertise, scientifically developed
and validated programs as well as incentives.
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Another possibility is to develop, in parallel, a government-based approach like the one
currently being implemented in Quebec. With the new Politique d’évaluation des
conducteurs de véhicules lourds, high-risk drivers meeting various negative safety
performance thresholds need to meet with the government’s Commission des Transports
in order to be evaluated. Remedial interventions will then be prescribed on the basis of
the results of this evaluation. This framework appears like an excellent opportunity to
apply scientifically sound driver-oriented interventions in a government-based
intervention framework. Therefore, it is suggested to explore with Quebec the possibility
of using the instalment of this new regulatory framework to (1) study the profile of high-
risk drivers and (2) develop and validate new scientifically sound interventions.

Note that such options for government-based driver-oriented interventions are not
intended to replace the carrier-based framework currently in place, but rather to
complement and potentially improve it. Such an approach could have the advantage of
(1) ensuring a greater uniformity in driver-based interventions, (2) ensuring that driver-
based interventions are scientifically sound and (3) ensuring that these interventions are
monitored, and evaluated.
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Introduction

The work of this task force was initiated in 2008 in the context of Road Safety Vision
2010, Canada’s national road safety plan. The goal of the vision was to make Canadian
roads the safest in the world by 2010. In order to reach this goal, the Vision called for a
30% decrease in the average number of road users killed or seriously injured during the
2008-2010 period compared to the 1996-2001 period. The Vision targeted specific road
safety problems and presented goals for each of them:

Targets and goals of RSV-2010 framework

* A 95% rate of seat belt use and appropriate use of child restraints;

® A 40% decrease in the number of fatally or seriously injured unbelted occupants
(exclude bus occupants);

® A 40% decrease in the percentage of road users fatally or seriously injured in
crashes involving drinking drivers;

® A 20% decrease in the number of road users killed or seriously injured in speed-
or intersection-related crashes;

® A 40% decrease in the number of road users fatally or seriously injured on rural
roadways (defined as two-lane roads where the speed limit is 80-90 km/h);

® A 20% decrease in the number of road users Killed or seriously injured in
crashes involving commercial vehicles (CMV);

e A 20% decrease in the number of young drivers/riders (those aged 16-19 years)
killed or seriously injured in crashes;

e A 30% decrease in the number of fatally or seriously injured vulnerable road
users (pedestrians, cyclists and motorcyclists).

Task forces, under the auspices of the CCMTA, assume ownership of the various
subtargets and are developing and implementing initiatives to achieve them. These task
forces usually comprise representatives from the federal and provincial governments, the
police community and non-governmental stakeholders with a strong interest in traffic
safety.

RSV 2010 Commercial Vehicle Safety Target

Contrary to other task forces that were created to reach the Vision’s goals in terms of
fatality reductions, the commercial vehicle sub-target falls under the responsibility of
CCMTA’s existing Standing Committee on Compliance and Regulatory Affairs (CRA).
While other task forces were entirely dedicated to reaching the Vision’s goals, CRA is
mainly focused on managing regulatory and operational processes within the industry.
Nevertheless, since these processes are initially aimed at increasing safety, it was
implicitly understood that core CRA activities fit with the spirit of the Vision. However,
it is important to note to date CRA has not developed specific strategies and processes to
reach the Vision’s target. This report, which focuses on human factors as legitimate
targets for new or revamped interventions, can be seen as a step in this direction.
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In the RSV-2010 annual report of 2005, CRA described the main activities that were
undertaken to reduce road users fatalities as follow:

¢ (Combining a carrier’s on-road compliance record for convictions, inspections and
collision history into a single number safety rating that represents a carrier’s risk;

® Developing interpretation documents and training materials for the redrafting of
the provincial/territorial Hours of Service Regulations (January 2007);

e Participating in and funding research aimed at the development of a North
American fatigue management program for the motor carrier industry;

e Implementing the new international cargo securement standard and training
inspectors to the new protocols;

® Adopting the new national standard for daily vehicle inspections;

® Developing training courses for commercial drivers as well as commercial vehicle
enforcement personnel;

e (Carrying out focused commercial vehicle enforcement campaigns that target seat
belt usage, mechanical inspections and hours of service;

® Increasing the number of patrol vehicles to carry out additional motor vehicle
inspections;

e (Carrying out random on-road blitzes focusing on truck safety;

¢ Providing free air brake inspections to truckers;

e Promoting initiatives such as Share the Road and Avoid My Blind Spots to
educate the motoring public and commercial vehicle drivers about the importance
of sharing the road safely and the dangers of blind zones around large commercial
vehicles.

It is suggested in the 2005 report that these efforts have helped to stabilize the number of
road users killed annually in crashes involving commercial vehicles. However, no
progress has been made toward achieving the 20% decrease in fatalities and serious
injuries. In the 2003-2005 period, fatalities remained virtually unchanged (0.4% lower
than baseline) and serious injuries actually increased by 11.6% over the 1996-2001
period. In light of these findings, CRA committee members felt that there was a need to
explore new approaches to increase the safety of the motor carrier industry in Canada.

There is a growing consensus in the field that driver behaviors and human factors
represent the most promising avenues to achieve safety gains, both in road safety and in
CMV safety. Transport Canada prepared a paper to discuss key road safety human factor
issues, review the situation in the U.S., examine how current National Safety Code (NSC)
standards address these factors and suggest an action plan (Thiffault, 2007). This paper
was presented to CRA in October 2007, and it was decided during that CCMTA meeting
that a task force would be put in place under the RSRP standing committee to pursue this
action plan. The main objective of the task force is the development of a sound basic
strategy to better address human factors in the Motor Carrier industry in Canada. This
chapter covers the first phase of this action plan, which is to review crash-causation
studies in order to orient the development of a risk-based, data driven strategy for
interventions.
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1. Phase I: Problem assessment

It has been clear, for the last 30 years that human factors are involved in about 90% of
road crashes. The landmark study on crash causation is the Indiana Tri-level study (Treat
et al., 1979), where 420 vehicle crashes were investigated in-depth by a multidisciplinary
team. The objectives of the study were to identify causal factors and assess their
frequency. The results showed that human, vehicle and environmental factors were
implicated and that human factors were responsible for 93% of crashes. Other studies,
like the one lead by Najm et al. (1995), also indicate that the vast majority of crashes can
be attributed to human factors.

The importance of road crashes in terms of public health - with 1 200 000 fatalities yearly
(WHO, 2004) - and the now established consensus that preventing driver errors would
significantly reduce collisions, has led to the development of a vast and intense research
domain related to human factors in road safety. This domain is clearly multidisciplinary
but is somewhat concentrated in a field designated as traffic psychology. After more than
25 years of activities, this field has gained a fair understanding of the errors that drivers
make and of the factors that influence them. However, while the application of this
knowledge for interventions is gaining momentum, there is still a lot of work to be done
in this respect.

The importance of human factors in the context of crashes involving commercial vehicles
was also recently confirmed by the results of the American Large Truck Crash Causation
Study (LTCCS) and the European Accident Causation study (ETAC). Like the Tri-level
Indiana study, the LTCCS and the ETAC represent major research efforts aimed at
understanding CMV crashes in order to steer the development of future interventions.

In the LTCCS, the research team investigated 967 crashes that occurred between 2001
and 2003, involving 1,127 large trucks and 959 non-truck motor vehicles, resulting in 251
fatalities and 1,408 injuries. More than 1000 factors were collected for each crash. The
LTCCS contains a very large amount of data that will keep on being analyzed in the
coming years. To date, only the main findings have been presented to the American
congress (US DOT& FMCSA 2006). In brief, driver factors were identified as the critical
reason for the crash in 87% of the cases, with the remaining 13% split between vehicle,
weather and roadway problems. In the recent ETAC study, the team investigated 624
truck crashes on more than 3000 parameters. The methodology included investigations at
the crash scene, data analysis and crash reconstruction. The results showed that human
factors are responsible for 85.2% of the crashes, with the remaining 15% split between
vehicle (5.3%), infrastructure (5.1%) and weather conditions (4.4%).

This data therefore confirm that the causality structure for large truck crashes is similar to
what was observed in the case of light vehicles, with an overwhelming emphasis on
human factors. Consistent with these findings, research efforts in CMV safety in the U.S.
have taken a major shift towards human factors, as was evident at the 2006 International
Truck and Bus Safety and Security Symposium as well as at the 2007, 2008, 2009 and
2010 TRB meetings.
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Numerous research agencies in the U.S. are currently involved in developing scientific
knowledge on CMV driver-related factors and in progressively translating this knowledge
into specific interventions. This however is a significant undertaking and changes will
gradually shape-up in the coming years, creating the potential for a true paradigm shift in
the way CMYV safety is understood and managed. As noted by Knipling (2007a), safety
programs for motor carriers have so far been oriented towards regulatory compliance
rather than true crash causation data. In this context, a closer tie between regulators and
researchers is needed and many signs seem to indicate that these groups are indeed
coming closer together.

The similarities amid the crash causation patterns of heavy vehicles (CMV) and light
vehicles (LV) suggest there are significant common grounds between these two
phenomena. It is therefore reasonable to think that applying some of the knowledge that
has been collected for more than three decades in LDV road safety research to the
problem of CMV safety would be strategic, cost effective and scientifically sound.
Notwithstanding, differences between these two realities do exist, and they need to be
considered. Rogers and Knipling (2007) for example pointed out the macroergonomic
context in which commercial drivers operate and the impact that this context can have on
safety-related attitudes, motivations and behaviors. Nevertheless, the fundamental
knowledge as to how human operators perform while driving a vehicle on a road network
is generally applicable to the whole field. In other words, many lessons learned in road
safety research could be imported to the field of CMV safety, even though differences
need to be respected and qualified accordingly. By taking this step, we open the door to
using a vast corpus of data and knowledge to increase the safety of the motor carrier
industry.

Different studies have shown that LDV drivers tend to be more at-fault in multiple-
vehicles crashes involving commercial vehicles, than the CMV drivers themselves. The
allocation of causality however appears somewhat inconclusive as percentages
significantly differ from one study to another. For example, in the Hanowski et al. (2001)
study, more than 75% of the critical incidents involving car/truck interactions were
attributed to the driver of the car, but in the Council et al. (2003) study, which examined
1994-1997 North Carolina police-reported truck crashes, CMV drivers were assigned
fault in 48% of crashes compared to 40% for car drivers. Looking at the LTCCS, the
critical reason for the crash was assigned to the truck in 44% of the cases. In the Jonah et
al. (2009) study, using charges laid by the police in B.C. as a result of a collision, truck
drivers were slightly more likely to have been charged than the drivers of the other
vehicles involved, particularly in the case of fatal crashes. Finally, in the ETAC study
(IRU, 2007), the authors concluded that human factors were responsible for 85.2% of
truck crashes but that those errors could be attributed to the truck driver in only 25% of
the cases.

In this regard, Knipling (2007a) talks about the paradox of CMV driving. First, he states
that CMV drivers appear very safe when compared to regular road users; they have lower
crash rates, commit fewer mistakes and are less likely to be at fault. However, as the
LTCCS data supports, they are still significantly involved in the production of road
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crashes and road fatalities. CMV drivers have 6 to 10 times more mileage exposure than
regular drivers. The physical characteristics of large trucks make them harder to handle,
their braking distances are much longer and they are involved in more severe crashes,
given their weight and mass. Knipling also notes that per vehicle and annual crash costs
were 4 to 5 times higher for commercial vehicles than passenger cars. Using the NHTSA
2001 crash data (NHTSA, 2002) and controlling for exposure, Huang et al. (2005)
observed that trucks were 48.7% less likely to be involved in crashes, that fewer trucks
were involved in injury-causing crashes than cars yet trucks were 33% more likely to be
involved in a fatal crash on a per-mile-driven basis.

Therefore, even though CMV drivers are in general safer that LDV drivers, we should
nevertheless be strongly motivated to increase the level of safety of truck driving. As
observed by Knipling (2007b), regardless of the distribution of critical crash errors
between commercial and non-commercial drivers, it is a principal responsibility of the
motor carrier industry to reduce the safety risks traceable to their own drivers. However,
since it has been clearly shown that the behaviors of other road users interacting with
commercial vehicles are a substantial part of the problem, they should also be
systematically targeted via research and interventions.

Driver behaviors and driver errors

The driving task is a complex, ever changing, multilevel activity. The human operator is
also a complex system and its ability to meet performance requirements is unstable and
hard to predict. The level of difficulty of the driving task is generally low, but for various
reasons - internal or external to the driver - extreme, unpredictable variations occur,
leading to near misses or crashes. While these circumstances are somewhat unusual in the
driving experience of a single individual, they do occur invariably with high frequency on
road networks, leading to multiple fatalities and serious injuries daily (3,300 persons
killed and 137,000 injured every day, WHO 2004).

When trying to better understand why these crashes occur, one is faced with the
challenge of classifying driver errors and organizing underlying human processes in
categories and/or sequences. When this is done, and when the relative prevalence of each
category of human errors is known, it then becomes possible to strategically target the
most important factors with specific interventions.

The usual approach to investigate crash causation is both conceptual (theory driven, using
existing scientific knowledge on human factors) and empirical (data driven). For
example, in the Tri-level Indiana study, the ETAC study and the LTCCS, real crash cases
were analyzed in depth and the underlying human errors were sorted into categories.
These categories in turn parallel specific steps of information processing according to a
basic model of human behavior (e.g. recognition, decision, performance and non-
performance errors).

It is important to note that while this kind of classification is necessary, its validity is
always limited and should be qualified as such. The systemic nature of human
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functioning and the complexity of the driving situation undeniably make it risky to tear
situational factors, driving behaviors and cognitive processes apart from one another. In
fact, the true meaning of a phenomenon such as a crash always lies in a combination of
the different factors, processes and circumstances that were present at a given point in
time. Nevertheless, classifying driving errors and organizing underlying human processes
remains a vital operation to develop a better understanding of crash causation. And this
understanding is paramount for the development of scientifically sound interventions.

1.1 Road safety studies

There are literally thousands of studies on human factors in road safety. The driving
situation is multifaceted and has been analyzed from a vast array of different angles.
While studies pertaining to specific recognition and decision errors will be addressed
later, milestone studies revealing the importance of human factors in crash causation are
discussed below.

1.1.1 The Tri-Level Indiana study (1979)

The Tri-Level Indiana project is a milestone study that has had a profound impact on the
directions that were taken in road safety research for the last 30 years. It was the first
large-scale clinical investigation of crash causation and still remains today a relevant
reference in the field. The study gave the first strong empirical account of the importance
of driver errors in crash causation (93% involvement rate) and paved the way for decades
of research on the subject.

The human error taxonomy that was developed in the study is still relevant and being
utilized in contemporary crash-causation studies. The model assumes that drivers are
continuously engaged in perceiving and comprehending information (recognition
processes), making decisions (decision processes) and taking actions (performance
processes) to achieve necessary control responses. In cases where the operator is
impaired and cannot process the information adequately, the driving errors are labeled as
non-critical performance errors. In brief, the results of the study identified driver errors in
order of prevalence as follows:

Recognition errors — 41.4% (perception, comprehension, risk perception);
Decision errors — 28.6% (including misbehaviors, speeding, risk-taking);
Performance errors — 6.9% (failure to safely execute driving maneuvers);

Critical non-performance errors — 1.7% (failure to perform as an information
processor, DUI, fatigue, medical blackouts).

Recognition and decision problems are the most common driver errors, with a 70%
involvement. The authors note that the human errors and deficiencies that cause crashes
primarily involve recognition (including both perception and comprehension problems),
and decision errors, while performance and critical non-performance errors are less
frequent.
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The factors associated with critical non-performance errors, which impede the efficiency
of the driver as an information processor, were coded as impairment due to psychoactive
substances like alcohol and drugs, and driver’s inexperience. They were viewed as
potential reasons behind the reasons. In this study, alcohol impairment was the most
prevalent factor, followed by drug and fatigue. The very low incidence of these errors is
probably related to methodological issues and more recent studies tend to show a greater
involvement.

Specific direct cause categories were also created under these four major headings. The
most common direct crash causes identified were, in this order of prevalence:

Improper lookout (recognition);
Excessive speed (decision);
Inattention (recognition);

Improper evasive action (decision);
Internal distraction (recognition).

The authors note that the recognition errors improper lookout and inattention can both be
taken to reflect reduced alertness, even thought there are no clear signs of an operator
state problem in 70% of these crashes. Drivers tend to look but not see, but there are no
clear answers that can be extracted from this study as to why this is occurring. Of the
many hypotheses that can be brought forward, the problem of hypovigilance, which is
associated with the early signs of fatigue or slight (phasic) lowering of alertness, should
be carefully considered (Thiffault and Bergeron, 2003a).

Excessive speed and improper evasive actions are the two most common decision errors
observed in the study. It is acknowledged that excessive speed is more reflective of a
personality trait or social maladjustment and that it should be addressed by either
attitudinal changes or behavior modification. Improper evasive action, on the other hand,
is largely skilled-based and occurs in crisis situations. Tackling this problem would
therefore require better training and/or advanced technological safety systems such as
anti-lock brakes or electronic stability control. As for internal thoughts, the authors
observe that this frequent recognition error is a good example of human information
processing limitations. In this case, the distraction is not visual but cognitive, which
implies that any cognitive subtask can interfere with driving, even if it does not represent
visual or physical impediments to the accomplishment of the task.

Overall, it is important to note that recognition and decision errors include a vast array of
information processing components that are responsible for how a person appraises a
situation and for decisions that are taken with regards to specific driving actions. For
example recognition errors can involve failures to perceive, encode, analyze or
understand a situation, which may be related to hypovigilance, fatigue, distraction,
inattention, substance use, inexperience, etc. Furthermore, in an activity like the driving
task, these processes also have a lot to do with perceiving and managing risk.
Recognition and decision errors therefore often relate to a misunderstanding of the
dangerousness of the situation and/or to the adoption of unnecessary risk-taking
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behaviors that may or may not be deliberate. Traveling too fast for conditions, following
to closely, weaving in and out of traffic, dangerous overtaking, non-respect of
intersection rules are good examples of high-risk behaviors (HRBs) that are central in
crash causation. It is therefore important to keep in mind that recognition and decision
errors cover a lot of ground and include the most investigated topics in contemporary
road safety research, including risk perception, high-risk behaviors, inexperience,
distraction, inattention, fatigue, substance use, etc.

1.1.2 The Unsafe Driving Act study (Hendricks et al., 2001)

The Unsafe Driving Act (UDA) study followed in the footsteps of the Tri-Level project
but with a closer look at unsafe driving acts that lead to crashes, as well as situational,
driver and vehicle characteristics associated with these crashes. The study focused on a
sample of 723 crashes (involving 1284 drivers) that occurred in the U.S. in 1996 and
1997. The investigators used an 11-step approach to evaluate the crashes and uncover
contributing factors. In brief, the results indicate that six main causal factors accounted
for most of the problem behaviors:

Driver inattention 22.7%

Speeding 18.7%

Alcohol impairment 18.2%

Perceptual errors (e.g. look but didn’t see) 15.1%
Decision errors (e.g. turn with obstructed view) 10.1%
Incapacitation (e.g. fell asleep) 6.4%

The types of crash and specific behavioral errors were also identified. The following
crash types and associated behavioral errors account for almost 50% of crashes involving
driver errors:

Same direction, rear-end (inattention) 12.9%

Turn, merge, path encroachment (looked but did not see) 12%
Single driver, roadside departure (speed, alcohol) 10.3%
Intersecting paths, straight paths (looked but did not see, etc.) 4.1%
Same traffic-way, opposite direction (inattention, speed) 2.6%
Backing, other, miscellaneous (following too closely, speed) 1.3%

In terms of interventions, the authors made the following recommendations

e Education and training for driver inattention and gap acceptance;

¢ Enforcement to reduce speeding, following too closely, and DWI;

e Rear-end crash avoidance systems to compensate for inattention and following
too closely;

¢ Intersection collision avoidance systems to compensate for errors at intersections;

e Lane keeping systems to prevent lane encroachment and roadside departure
crashes.
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1.1.3 Studies based on self-reports

Another strategy to study human factors associated with crashes is by means of self-
reports. In the last fifteen years, many self-report studies have been done to try to gain a
clearer understanding of the nature of driver errors. A common method consists of
analyzing self-reported driving habits and crash history of representative samples of
drivers then regrouping them into nominal categories. Several authors have used this
approach (Aberg & Rimmo, 1998; Blockey & Hartley, 1995; Lajunen, Parker, &
Summala, 2004; Lawton, Parker, Manstead, & Stradling, 1997; Lawton, Parker,
Stradling, & Manstead, 1997; Mesken, Lajunen, & Summala, 2002; Parker, Reason,
Manstead, & Stradling, 1995; Parker, West, Stradling, & Manstead, 1995; Sullman,
Meadows, & Pajo, 2002; West, French, Kemp, & Elander, 1993; West & Hall, 1997).
The results mainly suggest a three-factor structure of causal factors composed of:

® Violations (deliberate deviations from safe driving practices);
e Errors (serious mistakes or judgment errors);
e Lapses (inattention).

It is important to note that violations, which essentially define risk-taking behaviors, are
about three times more frequent than dangerous errors and lapses. Furthermore, in the
Parker, Reason, Manstead et al. (1995), the Parker, West, Stradling et al. (1995) and the
Sullman, Meadows and Pajo (2002) studies, this self-reported tendency to take risks was
a significant predictor of collisions, whereas dangerous errors and lapses were not. Note
however that Mesken at al. (2002) as well as Sullman (2004) found that it was the errors
factor that predicted crashes.

Some of the studies also found that the violations factor could be divided into ordinary
violations (as described above) and aggressive violation that have to do with expressing
hostility toward another road user while driving in an aggressive manner. This four-factor
structure was observed by Chapman, Roberts and Underwood (2000), Dimmer and
Parker (1999), Lawton, Parker, Manstead et al. (1997) as well as Sullman et al. (2002).

These studies therefore bring further empirical validity, confirming the key role of risk-
taking behaviors in driving errors and associated injuries and fatalities. Jelalian et al.
(2000), Stevenson and Palarama (2001), Rajalin (1994), Turner et al. (2004) as well as
Clarke et al. (2005) also observed empirical links between collisions and risk-taking
behaviors. These authors generally suggest that strategies aimed at reducing risk-taking
by drivers in general and by young drivers in particular need to be developed. Evaluation
procedures aimed at screening the riskiest individuals also represent a legitimate
approach (Iversen and Rundmo, 2002). Once these individuals are identified, specific
interventions could be conducted in order to decrease their level of risk-taking
(education, training, motivational interventions, enforcement, clinical approach, close
monitoring etc.). High-risk behaviors at the wheel and interventions aimed at risk-taking
will be addressed in the decision errors section of this report.
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1.2 CMYV crash causation studies

1.2.1 The LTCCS

The Tri-level Indiana study used a clinical approach based on the assessment of a team of
experts to determine which factors were responsible for crashes. The LTCCS used a
different methodology, with the aim of gathering more robust, complex and objective
results. While expert analysts still conducted in-depth examinations of each crash
situation, the process to relate overall contributing factors to the occurrence of motor
carrier crashes was statistical rather than clinical, thus relying more on mathematical
relationships and facts and less on clinical judgment. The goal of the study was not to
determine direct causality per se, but rather to identify factors that increase the risk of
motor carrier crashes in order to provide an empirical basis for countermeasures.

Blower (2005) notes that the concept of causation is a complex phenomenon and that
elements that influence the occurrence of a crash can take place months, days or hours
before it occurs. Furthermore, factors like fatigue and speeding are major contributors in
road crashes, but they do not always result in a crash. In the LTCCS, causality is thus
described in terms of increased risk for a crash and is assessed by looking at the critical
event (that led to the crash), the critical reason (why the critical event happened) and
over 1000 driver, vehicle and environment associated factors, which need to be
understood in a correlational perspective rather than causal.

While the methodology is different, the conceptualization of driver factors is similar to
the Tri-level Indiana study. Contributing factors are either driver, vehicle or environment
related and driver factors are classified as recognition (driver was inattentive, distracted
or failed to observe and recognize the situation adequately), decision (e.g. driving too fast
for condition, misjudge speed of others, follow too closely, etc.), performance (e.g.
driver panicked, overcompensated, exercised poor directional control, etc.) and non-
performance errors (fell asleep, was disabled by hearth attack or seizure, was physically
impaired, etc.). For each of the 963 truck crashes that were analyzed, the study team
identified the critical event, the critical reason and the associated factors, and these were
then classified on the basis of the above-mentioned error taxonomy.

The 963 crashes selected were determined to be representative of the 120,000 large truck
crashes that occurred between April 2001 and December 2003 in the U.S. (FMCA, 2007).
Each of the 963 crashes was therefore given a sampling weight and a national estimate in
terms of total crashes was created for the different analyses. It is therefore important to
remember that the results of the LTCCS are often expressed in terms of weighted data
and not absolute, observed values.

It is also important to underline that the LTCCS has been criticized (e.g. Donaldson,
2005). The main criticisms were that the study did not use any exposure data and did not
include a control group. While these criticisms bring forward relevant and important
elements for discussion (see Hedlund, 2006), the LTCCS nevertheless contributes a
unique and robust database that generates a better understanding of motor carrier crashes
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and provides some empirical basis for the orientation and the development of safety

interventions.

In fact, with crash causation studies such as the Tri-level Indiana study, the ETAC study
the LTCCS and studies based on self-reports, it becomes possible for safety practitioners
to target risk factors that were empirically identified instead of relying solely on
conceptual analyses, judgment and perceptions. Research leads to intervention in a risk-
based, theory driven and data driven process. This is the kind of strategic and responsible
approach that should be followed when addressing public health issues such as road

safety.

The main results of the LTCCS can be summarized as follows:

e For all of the crashes analyzed in the study (includes single and multiple vehicle

crashes):

- Trucks were assigned the critical reason in 55% of the cases and driver
factors accounted for 87% of these critical reasons. Truck drivers were
therefore assigned 48% of the critical reasons of all the crashes. Note that
vehicle-related factors, the most traditional target in motor carrier safety
interventions, only represent 10.1% of the critical reasons.

- When the truck driver was assigned the critical reason, the following
categories of driver errors were observed:

O O O O

Recognition errors: 28.4%;
Decision errors for: 38%;
Performance errors: 9.2 %;
Non-performance errors: 11.6%

- Three types of critical events accounted for 82.4 % of crashes:

Running out of the lane (into other lane or off the road): 32.1%;
Vehicle loss of control (due to traveling too fast for condition,
cargo shift, vehicle failure, road conditions, other): 28.6%;
Colliding with rear end of other vehicle in truck’s travel lane:
21.7%.

- The most prevalent associated factors involve the driver:

O O O O O

Prescription drugs: 26.9%;

Over-the-counter drugs: 17.3 %;

Traveling too fast for conditions: 22.9%;

Driver fatigue: 13%;

Illegal drugs, alcohol and driver illness are very rare.
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¢ [n multiple-vehicle crashes involving a truck and a car:

- Trucks were assigned the critical reason in 44% of the cases and driver
factors accounted for 88% of these reasons (89 % for cars);

- As critical reasons, the following category of driving errors were
observed:

Recognition errors: 35.5% for trucks and 30.3% for cars;
Decisions errors: 42.6% for trucks and 23.5% for cars:
Performance errors 6.8% for trucks but 19.3% for cars;
Non-performance 2.8% for trucks and 15.6% for cars.

O O O O

- With regards to most frequent associated factors:

o Legal drugs: 28% for trucks, 33.9% for cars;
o Driving too fast for conditions: 15.2% for trucks, 10.4% for cars;
o Fatigue: 7.5% for trucks, 14.5% for cars.

The results of the LTCCS are very significant. They confirm that human factors and
driver errors are the main reasons for truck crashes, with an involvement of roughly 90%,
similar to what is observed in general road safety studies. Again, recognition and decision
errors are the most recurrent and they are associated with problems such as traveling too
fast for conditions, fatigue and legal drug use.

The data shows that recognition and decision errors are more salient for CMV drivers
(78.1% of critical reasons) than for LDV drivers involved in CMV crashes (53.8% of
critical reasons). This suggests that the processes involved in recognition errors
(perception, distraction, hypovigilance, fatigue) and decision errors (risk perception, risk-
taking, aggressive driving, judgment problems) should be the primary targets for CMV
safety interventions. In a risk-based perspective, performance and non-performance
errors would appear less of a priority for truck drivers (9.6% of critical reasons) than for
light vehicle drivers involved in CMV crashes (34.9% of critical reasons).

In the case of fatigue-related crashes, it is interesting to note that compared to current
trends in international data (with prevalence rates of +/- 20% of crashes, see for example,
SAAQ, 2007), the prevalence appears lower for CMV drivers in the LTCCS (7.5%, as an
associated factor). One explanation could be that crashes identified as fatigue-related in
the LTCCS may be associated with extreme drowsiness and falling-asleep-at-the-wheel
episodes, as it is typically understood in mainstream contemporary driver fatigue
research. However, if one refers to the vigilance research paradigm rather than to the
sleep research paradigm, it becomes clear that a significant share of recognition errors,
currently associated with either distraction or inattention, could in fact be caused by
fatigue-related fluctuation of attention.
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These fluctuations can be explained either by phasic (short cycle) task-induced dips in
alertness or by the early signs of fatigue that generate significant vigilance impairments
while the person does not even feels any drowsiness. These phenomena are however
difficult to observe without alertness and performance-monitoring technologies. They can
therefore hardly be inferred ex post facto by a team of crash investigators and are likely to
go unnoticed thereby inflating the statistics of crashes classified under the distraction
paradigm. It is nevertheless important to note that sleep researchers and psychologists
have repeatedly demonstrated that hypovigilance is the strongest and most robust effect
of fatigue and that it is clearly related to performance decrements in monotonous settings
(see Thiffault and Bergeron, 2003a).

1.2.2 FMCSA new analyses

The FMCSA presented interesting new analyses at the 2008 TRB conference (Craft,
2008). The idea behind these analyses was to look at associated factors and how often
they were assessed as critical reasons for the crash. For example, the associated factor
truck driver fatigued (present in 7.5% of crashes for the driver of the truck) is coded as a
critical reason 74.6% of the time. Thus the factor truck driver fatigued has 2.9 times more
chance to be a critical reason associated with a crash, than not to (74.6 divided by 25.4).
The relative risk (RR) of the fatigue factor for truck drivers is thus 2.9. However, the
same variable for car drivers has a higher RR of 11 (coded as CR in 91.7 % of cases, not
coded as CR in 8.3%). Table 1 (from Craft, 2008) shows the relative risk of the most
relevant associated factors, for both CMV and LDV drivers involved in CMV crashes.

Table 1: Relative risks of associated factors labeled as critical reasons for crashes

Factors Trucks Cars
Frequency (%) RR Frequency (%) RR
Following too close 5 160 1 NA
Made illegal manoeuvre 12 19 13 19
Inadequate surveillance 16 14 14 5
Mlness 1 13 8 16
Inattention 9 9 9 10
External distraction 8 8 6 NA
Internal distraction 2 7 5 16
Cargo shift 0.6 7 NA NA
Too fast for conditions 15 7 11 5
Aggressive driving 5 4 9 4
Stop required 21 4 25 NA
Jackknife 4 4 NA NA
Fatigue 7 3 15 11
False assumption 6 3 3 NA
Tire problems 6 2 3 NA
Unfamiliar with roadways 19 3 10 3
Brake problems 27 2 2 NA
Traffic flow interruptions 24 2 25 NA
Illegal drugs 0.4 NA 7 11
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According to Craft (2008), RR of these crash-contributing factors is an indication of how
dangerous they are per se. Now, by multiplying the RR by their frequency, we can get an
interesting estimate of their global impact on CMV safety. Table 2 provides these
estimates for the top 8 causative factors for truck and light vehicle drivers involved in
CMV crashes, as well as the type of error they represent.

Table 2: Top 8 causative factors for CMV crashes

Top causative factors

Commercial vehicles Light vehicles

Factor Estimate | Type | Factor Estimate | Type
Following to closely 834 D Illegal maneuver 244 D
Illegal manoeuvre 227 D Fatigue 163 NP
Inadequate surveillance 220 R Illness 129 NP
Too fast for conditions 101 D Inattention 92 R
Inattention 78 R Internal distraction 74 R
Stop required 74 D Inadequate surveillance 73 R
External distraction 62 R Illegal drugs 72 NP
Brake problems 54 \4 Too fast for conditions 48 D

R = recognition, D = decision, V = vehicle, NP = non-performance

In his presentation, Craft (2008) concluded that CMV crash causes lay mainly with
drivers, that CMV drivers are in better condition to drive than LDV drivers involved in
CMV crashes, that recognition and decision errors are central for CMV drivers and that
vehicle issues are clearly secondary. Table 2 indeed suggests that decision errors should
be the primary target and that recognition errors are also very significant in CMV
crashes. Non-performance and performance errors however appear to be less of a factor
for CMV drivers. In the case of LDV drivers, non-performance errors are a significant
issue to consider, together with decision and recognition problems. Craft (2008) makes
the following recommendations in terms of strategies to explore:

Focus on drivers during roadside inspections, compliance reviews, and outreach;
Ensure commercial drivers license system is efficient and effective;

Develop driver rating system;

Promote more human factors research;

Narrow vehicle inspections to key systems.

Looking at the data, it is also important to note that 3 of the top 4 factors related to CMV
drivers are central behaviors in mainstream aggressive driving definitions (Bergeron,
Thiffault & Smiley, 2000). The most critical factor in Craft’s analyses, following too
closely (tailgating) is probably the most widely acknowledged aggressive driving
behaviors. Illegal maneuver related to lane discipline is also central and driving to fast for
conditions is always present. These analyses therefore suggest that the whole spectrum of
high-risk behaviors, including aggressive driving, should be a central target for
countermeasures aimed at CMV drivers. Inattention as it relates to internal or external
distraction as well as fatigue-related hypovigilance, also scores high and needs to be
addressed.
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1.2.3 The ETAC study

Another important CMV crash-causation study was recently published in Europe (IRU,
2007). The study, entitled A scientific study: European Truck Accident Causation
(ETAC) was conducted by the European Commission and the International Road
Transport Union. A team of experts investigated 624 truck crashes on the basis of more
than 3000 parameters. The methodology included investigations at the crash scene,
analysis of the data and crash reconstruction. The causality factors identified are human
factors: 85.2% (25% of which are caused by the CMV drivers), technical failure
(vehicle): 5.3%, infrastructure conditions: 5.1% and weather conditions: 4.4%.

Table 3: Causal factors per type of crash for CMV and LDV drivers.

Crash Causal factors
Category CMV driver responsible for crash Y LV driver responsible for crash | %
Intersection | No respect of intersection rule 20.1 No respect of intersection rule 28.2
Non-adapted speed 13 Non-adapted speed 10.9
Improper manoeuvre when turning 7.8 Lack of driving experience 9.2
Crash in Non-adapted speed 22.1 Non-adapted speed 28.8
queue Insufficient safety distance 16.2 Insufficient safety distance 12
Inattention 12.8 Inattention 11
Lane Non-adapted speed 19.7 Non-adapted speed 14.4
departure Loss of road friction 13.7 Crossing lines 9.4
Technical failure 9.1 Loss of road friction 8.5
Overtaking Improper overtaking manoeuvre 15.7 Improper overtaking manoeuvre 30
Fatigue 8.8 Non-adapted speed 22.5
Non-adapted speed 6.7 Lack of driving experience 10
Single truck Non-adapted speed 20.3
crash Fatigue/asleep 18.6 No applicable.
Loss of road friction 11.9

The results confirm the massive impact of human factors in truck crashes as well as the
importance of LDV drivers’ behaviors in the genesis of a significant proportion of these
crashes. The analysis reveal that more than 30% of intersections crashes - regardless of
who is at fault - are caused by non-respect of intersection rules and non-adapted speed.
More than 50% of crashes in queue are caused by non-adapted speed, improper safety
distance (tailgating) or inattention. Over 50% of lane departure crashes are caused by
non-adapted speed, bad maneuvers, loss of road friction, lack of experience and improper
turning maneuver, while 45% of overtaking crashes (when the truck is at fault) are
caused by improper overtaking maneuver, fatigue, non-adapted speed, lack of experience
and crossing lines. Finally, more than 50% of single truck crashes are caused by non-
adapted speed, fatigue/asleep and loss of road friction.

The authors conclude that non-adapted speed, failure to observe intersection rules and
improper maneuver when changing lanes are high-risk behaviors that should be targeted
for interventions. They bring recommendations as to the specific nature of these
interventions (see table 4) and observe that interventions should be systematically
evaluated, prioritized (risk-based) and linked to one-another.
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Causal Manufacturers Infrastructure | Governments Truck Drivers Other Users Media
Factors Providers
Non- -Adaptive cruise Effective traffic | Increase enforcement Adapt speed according to Adapt speed - Awareness campaign
adapted control signing and specifically regarding non- conditions. according to regarding speeding and
d -Speed control traffic warning to | adapted speed. conditions. safety distance;
Spee system related to the | inform drivers - Report objectively and
used infrastructure. about the speed based on facts and
limit of the road. figures on who is
causing the accident.
Failure to - Ultrasonic guard - Improved - Revising driving school - Plan your trip in advance - Increase Awareness campaigns
observe system for collision visibility of regulations to help new drivers | (be informed about driving aiming at helping to
. . zones with vulnerable | vertical signs to understand truck infrastructure limitations experience by understand truck
intersection . ] .. ]
road users; may help the maneuvers; and restrictions); refresher maneuvers.
rules - Warning of local driver to observe | - Awareness campaign - Remember limitations of | training;
dangers by vehicle to | the traffic rules; | regarding intersection rules; your visibility; - Respect traffic
vehicle - Effective traffic | - Train drivers (truck and other | - Try to anticipate regulations at all
communication; signing and drivers to respect intersection | maneuvers of other road times.
- Blind spot mirrors. | traffic warning. rules, to have an adapted users;
speed and to fill the lack of - Respect traffic regulations
driving experience, etc.); at all times.
- Increase enforcement.
Improper - Lane guard system; | - Loss of road Plan and maintain safe road Increase driving experience | Increase driving | Awareness campaign
maneuvers - Turning and lane friction is a infrastructure appropriate to by refresher training experience by regarding speeding,
change assistance; cause often current and foreseeable traffic | (braking with old and bad refresher safety distance and
when . ; ; . .
. - Traction and linked to an demand. habits). training. driving maneuvers of
hanging stability control improper trucks.
lanes system; manoeuvre when
- Active roll changing lane;
stabilization. - A special focus

on the state of
the road is
necessary.

Table 4: Recommendations from the ETAC study




The authors also bring interesting information with regards to the contribution of fatigue.
They observe that fatigue was the main cause in only 6% of the crashes, of which 37%
were fatal and 29% were single vehicle crashes. They note that most of these crashes
occurred between 02:00 and 02:59 or between 15:00 and 15:59, corresponding to
circadian low points, and that they mainly occurred on inter-urban roads, where
monotony is likely to be a factor.

They however also observe that stages of hypovigilance related to minor decreases of
alertness are also likely to produce crashes and that these are often accredited to
inattention or distraction. Since this type of hypovigilance is a robust effect of fatigue,
these crashes should be understood as fatigue-related and should be addressed as such.
The problem lies with their detection and classification, since fatigue-related
hypovigilance is hard to detect by looking at an accident scene or by analyzing drivers
testimonies. Laboratory studies however show fast-induced vigilance deterioration under
monotonous driving conditions and large individual differences in susceptibility to road
monotony (Thiffault & Bergeron, 2003a; Thiffault & Bergeron, 2003b, Meuter et al.,
2005).

The ETAC study also describes blind spot accidents, referring to areas around a truck that
are not visible for the driver. The data show that of the 30 crashes that occurred at
intersections, 14 involved a vulnerable road user (pedestrian or two-wheeler) in a blind
spot. When the crash was attributable to blind spots, 75% of crashes were fatal.

In accordance with the Tri-level Indiana study and the LTCCS, the principle
recommendation of the ETAC project is that safety programs for motor carriers need to
be focused on human factors, where 86% of crash causation lies. It is stated that attention
however needs to be focused on all road users involved in CMV crashes, and not only
truck drivers.

1.2.4 The bus crash causation study (BCCS)

In 2009, the FMCSA (FMCSA, 2009a) tabled to congress the report of the Bus Crash
Causation Study (BCCS). In its introduction, the report states that on average 50 people
die in the US in cross-country or intercity bus-related crashes, contrasting this number
with the 4,800 that die annually as a results of crashes involving large trucks. It might be
important to note however that even though these numbers are quite small, bus crashes
get significant exposure and are considered as a very serious issue.

Initially, the intent of this crash causation study was to use a methodology similar to the
LTCCS and to gather a nationally representative sample of bus crashes for the analyses.
However, given the limited frequency of bus crashes, it was decided to run the analyses
from data collected only in New Jersey, part of the New-York city area and home of large
bus fleets. Overall, the analyses were conducted on a sample of 39 crashes.

In brief, the results indicate that of the 39 bus crashes that occurred in New-Jersey over 2
years (05-06):
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e 35 were caused by human errors (90%);

e In 19 cases, the critical reason for the crash was assigned to the bus (48.7%) of
which 15 were identified as driver errors (79%);

e Of these 15 driver errors, 10 were classified as recognition errors (66%) and 2 as
decision errors (13%);

e Other causes identified were 2 fires, 1 brake failure and 1 icy road conditions;

e For the other 20 crashes, the critical reason was assigned to the other driver in 16
cases of which recognition and decision errors represented 35% of cases 25%
respectively;

e Note that in 4 cases the critical reason was assigned to pedestrians, and these were
all recognition errors.

In their conclusions, the authors emphasized that once again human errors were the main
causes for crashes. They observe that most of bus driver human errors like inattention,
distraction and decision errors are not violations to laws and regulations per se and that
therefore laws, regulations and enforcement alone cannot be sufficient to produce safer
drivers. They acknowledged the need to widen the scope with regards to driver-based
interventions that could complement enforcement.

1.2.5 Best practices for truck safety (Jonah et al., 2009)

In 2009, the Traffic Injury Research Foundation published a study aimed at analyzing the
causes of fatal collisions involving heavy trucks in B.C. with the objective of identifying
effective prevention programs and policies to improve CMV safety. After having
characterized these truck crashes, the authors conducted a review of literature of best
practices in other regions and formulated recommendations for government, motor
carriers, industry and policy services. Below are important highlights from this study:

e Using charges laid by police as a result of the collision, CMV drivers were
slightly more likely to have been charged that the other drivers involved,
particularly in the case of fatal crashes;

¢ Alcohol involvement was considerably lower for CMV drivers than for other
fatally injured drivers;

¢ Based on the analysis, the key contributors of CMV crashes are:

o Speeding;

o Inattention;

o Impairment by alcohol and drugs;
o Fatigue;

e The key characteristics of crashes are:

Run-off-road collisions;

Head-on collisions;

Undivided roads;

Curved roads;

Poor surface conditions.

o O O O O
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Bellow is a high level summary of the key best practices that were recommended by the

authors:

For governments:

Periodical analysis of collision data to track trends in crash causation factors;
Establish provincial multi-stakeholder committee;

Establish strategy based on a safe-system approach;

Develop specific actions and provide specific funding;

Establish quantified objectives in safety performance, and track actual
performance on the basis of these objectives;

Encourage provinces and territories to review licensing standards and testing
procedures;

Encourage more female drivers;

Create program with 100% tuition funding for driver training;

Establish Certificate of Professional Competence;

Develop and evaluate standard curriculum for driver training programs;

Use a safety assessment system like the CSA-2010 approach;

Require electronic stability control (ESC);

Speed limiters on trucks fixed and 105 kph;

Require tire under-inflation warning system and alcohol interlock;

Concrete barriers on divided highways, 2 + 1 lane system, high tension cable
systems;

Lateral and central rumble strips;

Use roadside variable message signs to warn drivers of poor conditions ahead;
Awareness/education programs for the public and for the motor carrier industry
about key crash contributors;

Recognize safer motor carriers (PIC program);

Monitor safety performance, evaluate effectiveness of interventions;

Produce annual reports

For industry

Using safety data, demonstrate to senior management the importance of safety
management;

Adopt SMS process that encourage leadership and accountability from senior
management;

Safe system approach within the SMS, looking at drivers, vehicle, infrastructure,
culture;

Multidisciplinary approach to safety issues;

Fleet safety committees;

Measurable target for safety performance;

Formal safety policy;

Valid recruitment and selection processes (assess risk-taking potential);

Adopt driver performance & fitness standards;

Human Factors in the Motor Carrier Industry in Canada 19



Implement FMPs;

Select safe vehicles;

Implement EOBRs, event data recorders;
Develop incentive programs;

Regular risk assessment;

Monitor safety performance;

Produce annual safety reports;

For police services

Identify high-risk corridors on the basis of collision data;

Multi-stakeholders committees;

Regular enforcement campaigns aimed at seat-belt use and impaired driving;
Hot lines for public complaints about unsafe truck driver behaviors.

1.2.6 Naturalistic studies

Hanowski et al. (2007) conducted analyses on two sets of data stemming from
commercial vehicle naturalistic studies. The first study was initially aimed at studying
fatigue within local/short-haul (LSH) operations (Hanowski et al., 2000), and the second
one was focused on fatigue in long haul operations with sleeper-berth (SB) (Dingus et al.,
2002). Across both studies, 210 critical car/truck interactions were identified and
analyzed.

The contributing factors (why the critical interaction occurred) were assessed and the
results suggest that that the main contributing factor for CMV drivers is the Driving
Technique factor whereas the lead factor for LDV drivers, who initiated 78% of these
critical incidents, was aggressive driving. Consequently, the authors recommend that the
focus of countermeasure should be put on aggressive driving from light vehicles and
overall better training for truck drivers, including defensive driving skills.

These studies also included the identification of the critical reason to describe why the
critical event occurred. Note that critical reasons are defined in the text with the exact
same terms as contributing factors. It is noted that this category was also used in the
LTCCS, so the reader is led to understand that this is the reason why it was also used
here. Interestingly, the analyses of critical reasons however bring data that is somewhat
different from what is observed with regards to contributing factors, and this data is not
really processed further in the discussion or in the above-mentioned recommendations
stemming from the study. Table 5 (from Hanowski et al., 2007) presents the critical
reason for CMV driver-initiated critical incidents for both datasets.

Human Factors in the Motor Carrier Industry in Canada 20



Table 5: Percentages of critical reason for CMV driver-initiated critical incidents

Crotical Besson Percery of 1LASH Percent of 5B
for the Crbical dorer-iraiiaied drer-irgiiaied
Errermt crtical incidemi= incidents in the 5B

sy =250 (%G stady (mgp =211 1)

Too fast for conditions 20 23 =
Fisjudgment of gap or 20 14.3
ather's spead
Poor directional control 1 4=
Agamsdve driving behawior 1z 238
Following too closely to = 9.5
respond bo unexpected
actiorns
Inadequate marvellance (e, = 9.5
failed to ook
Chvercompensalion E 4=
Sleep or mmleep 4 4=
Chher decision ermor 4 4=

Looking at this data, it is clear that speeding and aggressive driving are important
contributing factors, representing 32% of the critical reasons in the L/SH study and
47.6% in the SB study. Therefore it would appear justified to recommend that
countermeasures targeting aggressive driving and risk-taking behaviors also be aimed at
CMV drivers, not just LDV drivers.

The two studies described above address CMV/LV interactions from the point of view of
the heavy vehicle. Dingus at al. (2005) also looked at car/truck interactions in a
naturalistic setting using 100 instrumented cars. The results indicate that the most
frequent factors in critical car/truck interaction were late braking for stopped/stopping
traffic and lane change without sufficient gap. Of the 246 events recorded, LDV drivers
were deemed at fault in 56% of the cases and CMV drivers in 32% of the cases. The most
frequent factors for CMV drivers at-fault incidents were lane change without sufficient
gap (26.6%), followed by lateral deviation through vehicle (21.5%) and left-turn without
clearance (13.9%). Like Hanowski et al., (2007), Dingus et al. (2005) recommend
focusing on aggressive driving for light vehicle drivers and driving technique training for
CMV drivers.

1.2.7 Identifying unsafe driver actions that lead to fatal car-truck crashes
(Kostyniuk et al. (2002)

In order to gain a better understanding of causal factors for car/truck crashes, Kostyniuk
et al. (2002) compared car/car crashes to car/truck crashes in 1995-1998 data from the
Fatal Accident Reporting System (FARS). The FARS database contains information from
police reports as well crash survivors and other witness testimonies. The analysis file
contained 35,244 fatal car/car crashes and 10,732 fatal car/truck crashes.
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The results suggest that car/car and car/truck crashes are caused by the same driver
errors. The most common of these errors are: failing to keep in lane, failing to yield right
of way, driving too fast for conditions, disobeying traffic control and laws and
inattention. They represent 65% of reported unsafe driving acts in both classes of crashes.

Four factors nevertheless were more likely to be found in fatal car/truck crashes than in
fatal car/car crashes: following improperly, driving with vision obscured, drowsy or
fatigued driving and improper lane change. However, these factors were recorded in only
5% of the fatal crashes. In a second set of analyses, the authors closely examined a
random sample of 529 car/truck crashes in light of the four differentiating factors listed
above. The results suggest that car drivers are responsible for more unsafe actions than
truck drivers and that they represented 98 % of the fatalities. The authors also note the
following:

® Drowsy or fatigued driving and following improperly were more likely to be
reported for male than female car drivers;

e Car drivers in crashes in which vision was obstructed tended to be older than
other drivers;

e (Car drivers who were drowsy/fatigued were likely to be younger than other
drivers;

e Younger truck drivers were more likely than older truck drivers to follow
improperly, speed, and use alcohol or drugs.

The authors finally discuss the relevance of their findings for the development of
educational material. They suggest the following:

e Teaching motorists how to operate around large trucks, focusing instruction on
the four unsafe factors;

¢ C(Creating an interactive web site that educates drivers about the dangers associated
with driving near trucks and allows them to test their knowledge;

e Personal computer-based driving simulations, demonstrations, or computer
games showing interactions between cars and large trucks.

1.2.8 The ATRI study on predictors of crash involvement

In an important longitudinal study done for the American Transportation Research
Institute (ATRI), Murray et al. (2005) evaluated the crash predictive value of different
driver-related variables such as violations discovered at roadside inspections, driver
traffic conviction information and past crash occurrence in a sample of 540,750 drivers.
As can be seen in table 6, regression analyses showed that reckless driving is associated
with the highest increase in likelihood of future crashes. When cited for this offense,
drivers’ future crash probability increases by 325%. An examination of table 6 further
reinforces that risky and aggressive driving behaviors are at the top of the list in terms of
crash predictive value.
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Table 6: Summary of crash predictors (from ATRI, 2005)

If driver has: The crash likelihood increases by:

A reckless driving violation 325%
An improper turn violation 105%
An improper or erratic lane change violation 100%
A failure to yield right of way violation 97%
An improper turn conviction 94%
A failure to maintain proper lane conviction 91%
A past crash 87%
An improper lane change violation 78%
A failure to yield right of way violation 70%
A driving too fast for condition violation 62%
Log book falsification conviction 56%
Hours of service violation 41%

An additional component of this study was to evaluate the efficiency of specific
enforcement strategies and their relationship with CMV crash rates. The results show that
the U.S. states with the best records for CMV safety frequently cited enforcement
strategies dealing with aggressive driving, which most often target reckless driving,
speeding, erratic/improper lane changes, following too closely and improper passing.
Accordingly, one of the key recommendations of the study is to expand research on the
effectiveness and cost-benefits of various aggressive driving programs. Note that these
results are coherent with mainstream traffic psychology, where risk-taking and aggressive
driving are now clearly identified as important causal factors for crashes. Recent FMCSA
analyses on LTCCS data (Craft, 2008) as well as data from naturalistic studies (Dingus et
al., 2005; Hanowski et al., 2007) also tend to identify aggressive driving and risk-taking
behaviors as primary targets for the prevention of CMV crashes.

The authors highlight four enforcement strategies that were common to the 20 states
deemed highly effective in addressing problematic driver behaviors: (1) center on
aggressive driving apprehension programs/initiatives, (2) target both CMV and non-CMV
behavior patterns, (3) utilize both highly visible and covert enforcement activities, and (4)
incorporate an internal performance-based system for managing enforcement by specific
crash types, diver behaviors, and locations.

The research then focused on industry countermeasures and documented the best
practices of carriers that were involved in safety councils within industry associations,
were known to test or use safety approaches including onboard safety systems, or who
had safety directors with well recognized safety programs. In brief, the results show that
these carriers have safety philosophies that place the emphasis on crash prevention. In
this context, speeding and following to closely (two major forms of aggressive driving)
are seen as the most dangerous behaviors. These carriers have a holistic, or systemic view
of safety and tend to have onboard safety systems (ITS driver help). They also try to
gather the most up-to-date tools and programs such as video training and safety reward
systems. Pre-event, proactive driver training is seen as central and remedial safety
training that mitigates problem driver behaviors after they have occurred are widely used.
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In terms of specific countermeasures, safety-oriented carriers put the emphasis on initial
training and screening, new driver orientation and safety training using instructor led
skill-based training, video training, on-road training, simulation training and skill-based
performance tests. Sustainment training is used to keep safety constantly in front of the
drivers, as well as safety awareness programs, safety incentive programs and driver
reviews remedial training approaches.

Safety directors were also asked what they do in the presence of specific reckless driving
behaviors (improper turns, improper/erratic lanes change, speeding, following to closely,
non-respect of traffic control, failure to yield right of way, HOS violation and crashes).
The results indicate that carriers are quite creative, using a mix of specific remedial
training sessions, one-on-one safety meetings, driver review processes and graduated
enforcement algorithms that can lead to termination of employment.

Note that while these state and carrier-based initiatives to counteract aggressive driving
are interesting and impressive, they should be properly evaluated in order to identify best
practices and to increase their efficiency.

1.2.9 Self-reported aberrant driving behaviors amongst truck drivers

Sullman, Meadows and Pajo (2002) conducted a study on self-reported aberrant driving
behaviors amongst New Zealand truck drivers. The study focused on the interactions
between violations, errors, lapses and crashes. They used the Driver Behavior
Questionnaire (DBQ), an approach similar to the self-report LDV safety studies that were
reviewed earlier, but this time applied to a population of truck drivers. The authors note
that no study was ever done with the DBQ to study trucks drivers’ aberrant driving
behaviors, and that since they have a different set of demographics, skills and attitudes
than LDV drivers, the results of former DBQ studies are difficult to generalize to this
population.

The results of the study however confirm the four-factor structure that was observed
within the general driving population (errors, violation, violation/aggressive driving,
lapses). Furthermore, the data show that while the error and the violation factors were
both strong, only the violation factor (deliberate deviations from safe driving practices)
was a significant predictor of having had a crash in the previous three years (B =.498; p <
.01). Note that the items that load on the violation factor are (by order of prevalence)
speeding on motorway, speeding in residential area, driving so close to car in front that
it makes it hard to stop in emergency, crossing a junction knowing the lights have already
turned against you, overtaking on the inside and driving when you suspect that you may
be over the legal limit.

Other interesting results from this study are that the three most common aberrant
behaviors were disregarding the speed limit on the open road (violation), sound your
horn to indicate your annoyance to another diver (aggressive violation), becoming
angered by a particular type of driver and expressing your hostility by whatever means
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you can (aggressive violation). It is important to note that younger drivers reported
significantly higher violation scores, higher preferred driving speeds and more crashes.

The authors therefore suggest that a reduction in violations (as defined above) committed
by CMV drivers should be a way to reduce truck crash involvement. They echoed Parker
et al. (1995) and suggested that this could be achieved through improvements to the
safety culture, including changes in attitudes, beliefs and norms. Further research should
consequently look at the efficacy of safety culture initiatives as a means to reduce
violations and crashes fro CMV drivers.

1.3 National collision database 2003-2007

Transport Canada periodically compiles data related to heavy vehicles crashes taken from
the National collision database (NCDB). NCDB is a national database that contains
detailed police report data on fatal, injury and property damage crashes. Although the
database is subject to limitations inherent to police report data, it nevertheless represents
a relevant source of information that needs to be presented here. Note that the province of
Quebec is absent from analyses because of data compatibility issues.

NCDB data stems from observations that were made by police officers at the scene of
crashes. It is not the result of comprehensive analyses made by crash reconstruction or
crash causation experts. It is limited by the format under which police reports are
recorded (mainly pre-established boxes to be checked), by the scope of the information
considered and by the depth of the analyses that are made on site. NCDB data therefore
does not compare to datasets like the LTCCS or the ETAC crash causation studies, which
are much more comprehensive and robust. It represents crude data that should be
considered as a global trend indicator rather than true crash causation analyses. NCDB
however appears to be the only updated Canadian empirical dataset detailing contributing
factors to road crashes. It is thus important and relevant to summarize its content with
regards to drivers’ conditions and actions in the context of heavy vehicle crashes.

Based on the numbers presented in table 7, for the 2003-2007 period, there was an annual
average of 50,372 heavy vehicle collisions (straight trucks of over 4536 kg: 28,754,
tractor trailers: 22,338), which represents 7.6% of all road crashes. However, as can be
seen in table 8, for this five-year period heavy vehicle collisions were responsible for an
average of 538 fatalities (19.5% of all road fatalities), of which 448 (84%) occurred
outside of the heavy vehicle (other vehicle occupants, pedestrians, cyclists). In terms of
injuries, heavy vehicle crashes were responsible for a yearly average of 12,414 injuries
(6% of total) of which 8360 (67%) occurred outside of the heavy vehicle.
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Table 7: Collisions involving heavy trucks and other vehicles by collision severity

2003 | 2004 | 2005 | 2006 | 2007 |Average
Fatal Collisions Involving:
Straight trucks > 4536 kg 165 147 169 187 166 167
Tractor-trailers 311 318 292 304 307 306
Heavy trucks 470 454 453 477 463 463
Vehicles other than heavy trucks 2,019 1,982 2,098 2,122 1,999 | 2,044
Total Fatal Collisions 2,489 2,436 2,551 2,599 2,462 | 2,507
Personal Injury Collisions Involving:
Straight trucks > 4536 kg 4,621 4,787 5,046 5,076 5,166 | 4,939
Tractor-trailers 4,094 4,147 4,278 3,987 3,903 | 4,082
Heavy trucks 8,562 8,771 9,177 8,921 8,913 | 8,869
Vehicles other than heavy trucks 141,983 136,477 136,426 133,610 129,719|135,643
Total Injury Collisions 150,545 145,248 145,603 142,531 138,632|144,512
Property Damage Only (PDO)
Collisions Involving:
Straight trucks > 4536 kg 21,678 22,154 23,371 24,203 26,835 | 23,648
Tractor-trailers 17,829 18,049 18,485 17,184 18,200 | 17,949
Heavy trucks 38,964 39,623 41,298 40,842 44,471 | 41,040
Vehicles other than heavy trucks 466,858 458,019 470,502 472,178 508,445(475,200
Total PDO Collisions 505,822 497,642 511,800 513,020 552,916(516,240
All Collisions Involving:
Straight trucks > 4536 kg 26,464 27,088 28,586 29,466 32,167 | 28,754
Tractor-trailers 22,234 22,514 23,055 21,475 22410 | 22,338
Heavy trucks 47,996 48,848 50,928 50,240 53,847 | 50,372
Vehicles other than heavy trucks 610,860 596,478 609,026 607,910 640,163|612,887
Total All Collisions 658,856 645,326 659,954 658,150 694,010|663,259

Human Factors in the Motor Carrier Industry in Canada 26




Table 8: Casualties of collisions involving heavy trucks and all other vehicles

Injury Year
Severity Vehicle Type 2003 2004 2005 2006 2007
Fatalities Straight trucks > 4536 kg 38 29 40 43 31
Tractor-trailers 54 71 38 47 51
Heavy vehicle occupant total* 92 100 78 90 82
Occupants of other vehicles 378 385 405 401 385
involved with heavy trucks
Cyclists 10 11 10 14 13
Pedestrians 54 47 49 39 48
Total victims of collisions
involving heavy trucks 534 543 542 544 528
Victims of all other collisions 2,245 2,188 2,356 2,340 2,233
Total Fatalities 2,779 2,731 2,898 2,884 2,761
Injuries Straight trucks > 4536 kg 1,934 1,945 2,104 2,290 2,201
Tractor-trailers 1,461 1,562 1,569 1,576 1,472
Heavy vehicle occupant total* 3,395 3,507 3,673 3,866 3,673
Occupants of other vehicles 8,177 8,514 8,639 8,298 8,174
involved with heavy trucks
Cyclists 96 130 148 123 165
Pedestrians 279 290 307 287 332
Total victims of collisions
involving heavy trucks 11,947 12,441| 12,767 12,574 12,344
Victims of all other collisions | 204,263| 193,788 191,997 187,420, 180,418
Total Injuries 216,210] 206,229 204,764| 199,994 192,762
Total Straight trucks > 4536 kg 1,972 1,974, 2,144 2,333 2,232
Casualties Tractor-trailers 1,515 1,633 1,607 1,623 1,523
Heavy vehicle occupant total* 3,487 3,607 3,751 3,956 3,755
Occupants of other vehicles
involved with heavy trucks 8,555 8,899 9,044 8,699 8,559
Cyclists 106 141 158 137 178
Pedestrians 333 337 356 326 380
Total victims of collisions
involving heavy trucks 12,481 12,984 13,309 13,118 12,872
Victims of all other collisions | 206,508 195,976 194,353 189,760 182,651
Total Casualties 218,989 208,960, 207,662 202,878 195,523
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1.3.1 Driver condition in the NCDB database 2003-2007

Looking at all fatal crashes involving a commercial vehicle (including single and
multiple vehicle crashes), the data from table 9 indicate that CMV driver’s condition was
qualified as impaired (other than normal) in 6% of crashes (118 out of 1933). In terms of
what type of impairment was identified, the data indicate the following:

Alcohol and/or drugs were identified as factors for 53 drivers (2.7%);

Fatigue and falling asleep was identified for 29 drivers (1.5%);

Sudden illness, lost consciousness was identified in 7 cases (.4%);

Inexperience was labeled in this category; it was identified for 4 drivers (.2%);
Note that inattention was not identified as a condition, but rather as a form of
action. However, as emphasized in the current review, inattention relates mainly
to fatigue and distraction, which are rather understood as conditions than actions.
Nevertheless, as will be seem in the action category, in multiple-vehicle fatal
crashes involving at least one heavy vehicle, inattention was identified in 3.7% of
the cases for CMYV drivers and in 7.2% of the cases for the LDV drivers involved.
It is the stronger single contributor for CMV drivers when both conditions and
actions are considered.

Table 9: Driver conditions in all CMV fatal crashes, 2003-2007

Severity Driver Condition 2003 | 2004 | 2005 | 2006 | 2007
Fatal Apparently normal 363 351 335 3717 389
Under the influence of alcohol 7 7 9 7 13
Under the influence of drugs 3 5 1 0 1
Fatigued, fell asleep 8 9 4 4 4
Sudden illness, lost consciousness 1 1 1 3 1
Inexperience 2 1 0 1 0
Other driver condition 1 5 3 8 8
Total 385 379 353 400 416
Personal Apparently normal 6,461 6,541 6,805 6,716 6,683
Injury Under the influence of alcohol 86 77 94 86 94
Under the influence of drugs 5 10 5 8 8
Fatigued, fell asleep 97 99 111 115 108
Sudden illness, lost consciousness 19 22 20 23 16
Inexperience 46 31 30 30 15
Other driver condition 17 103 121 137 158
Total 6,731] 6,883 7,186 7,115 7,082

The data from tables 10 and 11 show that when only multiple-vehicle fatal crashes
involving at least one heavy vehicle are considered (without single vehicle CMV fatal
crashes), CMV driver’s condition was labeled as “other than normal” in 3% of the cases
compared to 16.3% for LDV drivers (see also figure 1). This indicates that impairment is
therefore far more prevalent for the LDV drivers than for the CMV drivers involved.
Also, note that the difference between 6% of impairment for CMV drivers when all
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crashes are considered vs. 3% when multiple-vehicle crashes only are factored-in
underlines the prevalence of impairment for CMV drivers in single-vehicle crashes,
which is widely based on the contribution of fatigue (1.5% when including single vehicle
crashes, vs. .4% when only multiple-vehicle collisions are factored-in).

Table 10: Driver condition in multiple-vehicle fatal crashes involving a heavy

vehicle: CMYV drivers

2003 | 2004 | 2005 2006 2007 Total
Alcohol 2 6 3 2 8 21
Drugs 0 2 0 0 0 2
Fatigued 2 2 1 1 1 7
Illness 0 1 0 3 1 5
Inexperience 1 0 0 1 0 2
No Condition 297 297 293 330 333 1550
Other Driver Condition 0 0 2 4 5 11
Total 302 308 299 341 348 1598

Table 11: Driver condition in multiple-vehicle fatal crashes involving a heavy

vehicle: LDV drivers

2003 | 2004 | 2005 2006 2007 Total
Alcohol 28 28 29 23 26 134
Drugs 9 7 5 0 7 28
Fatigued 7 10 6 8 6 37
Illness 2 2 4 3 1 12
Inexperience 0 3 2 4 1 10
No Condition 274 247 232 286 285 1324
Other Driver Condition 6 4 10 6 11 37
Total 326 301 288 330 337 1582

Condition "other than normal" for CMV and
LV drivers involved in fatal CMV crashes

2003-2007
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Figure 1: Driver condition in multiple-vehicle fatal crashes involving at least one heavy

vehicle.
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1.3.2 Driver action in the NCDB database 2003-2007

Looking at all fatal crashes involving a commercial vehicle (including single and
multiple vehicle crashes), the data from table 12 indicate that CMV driver’s action was
qualified as improper (other than driving properly) in 26% of cases (507 out of 1933). In
terms of what type of improper action was identified, the data indicates the following:

Disobey traffic signal is identified for 46 cases (2.4%);
Fail to yield is identified in 38 cases (2%);
Improper passing is identified 40 cases (2%);
Inattention is identified in 89 cases (4.6%);
Lost control is identified in 31 cases (1,6);
Driving too close is identified in 18 cases (1%);
Driving too fast for conditions is identified in 85 cases (4,4%);
Driving on the wrong side of the road is identified in 27 cases (1.4%);
Other driver action is identified in 127 cases (6.6%).

Table 12: Driver action in all CMYV fatal crashes, 2003-2007

Severity Driver Action 2003 | 2004 | 2005 | 2006 | 2007
Fatal No apparent improper action 296 267 267 300 294
Disobeyed traffic control 6 5 13 9 13
Failed to yield 7 4 6 8 13
Improper passing 3 8 8 7 14
Inattention 19 22 18 15 15
Lost control 7 9 2 5 8
Reversed unsafely 2 0 0 0 2
Followed too closely 1 3 4 5 5
Drove too fast 16 27 10 13 19
Wrong direction 0] 1 0 0 1
Wrong side of road 2 10 3 7 5
Other driver action 26 23 22 31 27
Total 385 379 353 400 416
Personal No apparent improper action 3,763 3,904 4,088, 4,073] 4,084
Injury Disobeyed traffic control 168 153 180 176 171
Failed to yield 265 231 234 209 217
Improper passing 378 351 436 398 390
Inattention 600 635 713 747 724
Lost control 157 164 156 130, 146
Reversed unsafely 35 33 27 30 48
Followed too closely 542 531 466 505 495
Drove too fast 377 346 330 325 350
Wrong direction 2 3 2 2 3
Wrong side of road 29 38 39 38 34
Other driver action 415 494 515 482 420
Total 6,731 6,883 7,186/ 7,115 7,082
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The data from tables 13 and 14 show that when only multiple-vehicle fatal crashes
involving at least one heavy vehicle are considered (without single vehicle CMV fatal
crashes), CMV drivers’ actions were labeled as improper in 21% of cases compared to
56.6% for LDV drivers (see also figure 2).

Table 13: Driver action in multiple-vehicle fatal crashes involving a heavy vehicle:
CMV drivers

2003 2004 | 2005 | 2006 | 2007 | Total
Disobey traffic signals 6 5 12 9 11 43
Fail to yield 3 3 5 5 9 25
Improper passing 3 8 8 7 12 38
Inattention 14 13 10 9 14 60
Lost control 2 3 1 3 2 11
Reversing unsafely 0 0 0 0 0 0
Too close 1 3 4 5 5 18
Too fast 8 14 8 12 13 55
Wrong direction 0 1 0 0 1 2
Wrong side of the road 2 10 3 7 5 27
Other action 12 11 9 15 10 57
No action identified 251 237 | 239 | 269 | 266 | 1262
Total 302 308 | 299 | 341 348 | 1598

Table 14: Driver action in multiple-vehicle fatal crashes involving a heavy vehicle:
LDYV drivers

2003 2004 | 2005 | 2006 | 2007 | Total
Disobey traffic signals 20 14 19 18 25 96
Fail to yield 17 23 19 16 12 87
Improper passing 19 15 18 21 17 90
Inattention 25 18 20 31 23| 117
Lost control 16 14 15 23 24 92
Reversing unsafely 0 0 0 1 0 1
Too close 3 2 2 4 6 17
Too fast 26 29 30 22 21| 128
Wrong direction 0 3 3 1 1 8
Wrong side of the road 28 29 28 30 27| 142
Other action 27 27 18 22 24| 118
No action identified 145 127 | 116 | 141 157 | 686
Total 326 301 | 288 | 330| 337 | 1582
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Improper driving from CMV and LV drivers
involved in fatal multiple-vehicle
CMV crashes 2003-2007
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Figure 2: Driver action in multiple-vehicle fatal crashes involving at least one heavy
vehicle.

Figures 3 and 4 illustrate the distribution for the various types of improper action for
CMV and LDV drivers involved in fatal multiple-vehicle CMV crashes. The largest
contributors for CMV drivers were (in that order) inattention, speeding, disobey traffic
signals and improper passing followed by driving on the wrong side of the road, fail to
yield and driving too close, whereas for LDV drivers, they were driving on the wrong
side of the road, speeding and inattention, followed by disobey traffic signals, improper
passing and fail to yield, with comparable proportions.

Improper actions from CMV drivers in mutliple-
vehicle fatal crashes 2003-2007

@ Disobey Traffic Cntrl
m Fail to Yield

O Improper Passing

O Inattention

m Lost Control

m Reversing Unsafely
W Too Close

O Too Fast

m Wrong Direction
m Wrong Side of Road

Figure 3: Distribution of CMV driver errors in fatal multiple-vehicle CMV crashes
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Improper actions from LV drivers involved in fatal
crashes with a heavy vehicle
2003-2007
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Figure 4: Distribution of LDV driver errors in fatal multiple-vehicle CMV crashes

The key elements that can be deducted from the NCDB database with regards to crash
contributors for CMV fatal crashes are the following:

® In all crashes, driver’s condition is cited less often (118) than driver actions (507).
This implies that from a risk-based perspective impairment is an important
contributor, but improper driving actions are even more significant, and should be
prioritized.

e [t is however important to underline the significant contribution of inattention,
which conceptually should be related to driver’s conditions - under fatigue and
distraction - rather driver’s actions. Note that in the CCMTA framework, fatigue
and distraction are processed under the wide umbrella of driving while impaired,
which represent conditions, not actions. Inattention is in fact the stronger single
crash contributor identified in these datasets for CMV drivers when all improper
actions and all forms of impairment are considered individually. If we make the
exercise of adding the inattention cases to driver impairment, where we believe it
belongs, the count for driver impairment increases to 207 cases and the count for
improper driving actions would be reduced to 418, which nevertheless remains
more than 50% superior in terms of crash contribution.

e It is also important to emphasize that police report have serious limitations to
address fatigue and distraction and that they tend to severely underreport these
issues. For example, while NCDB data imply that fatigue is involved in only 1.5%
of fatal CMV crashes, estimates derived from the operational definition of fatigue
created by CCMTA’s Fatigue Expert Group estimates that overall fatigue is
responsible for 21% to 23% of road fatalities in the country. Therefore, note that it
is important to use caution when referring to NCDB data to assess the
contribution of various forms of impairment.
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¢ Looking at multiple-vehicle fatal crashes:

o CMV drivers were coded as impaired in 3% of cases compared to 16.3%
for LDV drivers;

o Alcohol and drugs were coded positive for 1.5% of CMV drivers
compared to 10% for LDV drivers;

o CMV drivers were coded as driving improperly in 21% of cases,
compared to 57% for LDV drivers;

o For CMV drivers, the most important improper actions were inattention,
speeding, disobey traffic signals and improper passing followed by
driving on the wrong side of the road, fail to yield and driving too close

o LV drivers, the most important improper actions were driving on the
wrong side of the road, speeding and inattention, followed by disobey
traffic signals, improper passing and fail to yield, with comparable
proportions.

This data is therefore generally coherent with CMV crash causation literature, showing
that recognition and decision errors are at the top of the list for both CMV and LDV
drivers involved in CMV crashes. Generally, the data suggests that the focus should be
put on attention problems as well as high-risk behaviors such as speeding and lane
discipline, which are usually fitted into the aggressive driving framework.

Furthermore, the data emphasizes the large contribution of LDV drivers in all forms of
impairment and improper driving actions. This reinforces the need to address the
problems of LDV drivers when trying to mitigate CMV crashes. However, by no means
should this conclusion involve a limitation of efforts in trying to influence the behaviors
of CMYV drivers per se.

While programs targeting CMV/LV drivers’ interactions need to be reinforced, the
overall problem of LDV drivers’ impairment and improper driving remains one that
needs to be addressed by the stakeholders and processes responsible for addressing LDV
drivers’ issues. What can be said here is that the data supports the notion that this has to
be done. On the other hand, CMV drivers’ impairment and improper actions need to be
addressed by the stakeholders and processes responsible for addressing CMV drivers’
issues. Therefore, while specific programs addressing CMV/LV drivers’ interactions will
be reviewed, discussed and recommended, the majority of the actions that will be
suggested in this report will focus on the CMV drivers side of the equation.

1.4 Individual differences and crash risk

Another important way of looking at the problem is to focus on individual differences
with regards to crash risk. While a specific section of this report will be focused on risky
driving, it is relevant to introduce the topic here. Knipling (2005), Knipling (2009) as
well as Murray et al. (2005) noted that the risk of crashes in the population of CMV
drivers is not distributed evenly. This implies that a minority of high-risk drivers has a
much stronger tendency to produce driving errors and to be involved in crashes. To
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illustrate this notion, Knipling observes that in the Hanowski et al. (2000) study, 6 out of
42 CMV drivers covered 12% of the total driving time but were responsible for 38% of
truck-initiated critical incidents. In contrast, the 25 best drivers out of 42 covered 63% of
the mileage but were only responsible for 16% of critical incidents. In the Murray et al.
(2005) study, a minority of drivers (10-15%) was responsible for a disproportionate
percentage of total fleet crash risk (30-50%).

It is therefore not only important to identify the processes at the root of driving errors and
the factors that influence them, but also which of these factors or processes are likely to
fluctuate in the population and modulate crash risk. Note that in their 2004 report,
Knipling et al. identified age, gender, medical condition, health, substance use, fatigue
and personality as relevant factors.

Individual differences in fatigue susceptibility is also seen as an important attribute to
investigate, since the confirmation of such a personal trait could have implications in
terms of regulations. It is suggested that if individuals differ in fatigue susceptibility
(which is a constant result in fatigue and vigilance research), and if knowledge and
technology enabled it, fatigue regulations could be performance-based. However, this
issue is in need for some heavy fundamental R&D.

Rogers and Knipling (2007) mentioned that apart from driver fatigue and driver
interaction with intelligent transportation systems, most studies on human factors in road
safety in the past two decades focused on LDV drivers in the general population. There is
therefore a lot of research and development needed, and much is underway, to better
understand CMYV driver errors and how they should be addressed. The authors identify
driver training as one of the most promising interventions under investigation.

Rogers and Knipling (2007) also describe the macroergonomic aspect of the motor carrier
industry and how the general context of operations can influence safety motivations.
According to them, management strategies such as Behavior-Based Safety (BBS) and
self-management represent promising strategies to actively engage drivers into safety-
oriented behaviors and attitudes. These issues will be addressed further later in the report.

1.5 CMV crash causation studies: general discussion

Table 15 regroups a simple listing of different driver errors and processes cited in the
crash causation literature as well as in the Canadian NCDB dataset. It shows that CMV
driver errors evolve around a limited, redundant, set of factors. Overall, inattention, lane
discipline and reckless, aggressive or simply risky driving come out as the most
important broad categories of factors to consider for interventions.

Looking at this list, one however realizes that there are multiple levels of analyses, that
there is confusion in taxonomies and that it is not always simple to classify errors within
discrete categories. This difficulty mainly rests upon the complexity of the driving task
and the systemic nature of human information processing. Error taxonomies certainly
have limitations that need to be acknowledged when processing the results of crash
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causation studies. These limitations are even augmented by the diversity of taxonomies
used in different studies, making it hazardous to draw general conclusions from this body
of research. It is with this in mind that the researchers behind the LTCCS, the UDA study
and the heavy-vehicles naturalistic studies opted to use the taxonomy of the milestone
Tri-level Indiana project, which includes recognition, decision, performance and non-
performance errors. Note that this taxonomy will also be used in this report.

If one’s objective is to use crash causation data to orient the development of strategies for
intervention, there is however a need to go further than simply classify driver errors. The
real questions that should be asked are the following: Why do drivers commit these
errors? Why do they fail to perceive, recognize and understand driving situation? Why do
they deliberately deviate from safe driving practices and adopt risky behaviors? Why do
they fail to perform the driving manoeuvre that they intended to do? Why do they operate
their vehicle under the influence of fatigue or psychoactive substances?

To answer these questions, one needs to go beyond error classification. The key is to
identify the processes at the root of recognition, decision, performance and non-
performance errors, as well as the mediating factors that impact on these processes. Once
this is done, it becomes possible to identify the best interventions to counteract the effects
of these factors. Most of this knowledge is available in general human factors and road
safety science and will be addressed later in this report.

Table 15: Types of driver errors in crash causation literature

Improper lookout

Driving too fast for conditions
Inattention

Improper evasive action

Internal distraction

Impairment due to psychoactive substances
Driver’s inexperience

Fatigue

Violations (deliberate deviations from safe
driving)

Dangerous errors (serious mistakes or
judgment errors)

Harmless lapses (inattention)

Over the lane or off the road

Loss of control - traveling too fast for
condition/other

Other vehicle in travel lane

Turning, crossing and intersection
Prescription drugs

Over-the-counter drugs
Erratic/improper lane changes
Following too closely

Improper passing

Lanes changes without sufficient
gap

Roadway entrances without
clearance

Late braking for stopped or
stopping traffic

Lateral deviation through vehicle
Left-turn without clearance
Failing to keep in lane

Failing to yield right of way
Disobeying traffic control and laws
Reckless driving

Improper turn

Improper or erratic lane change
Failure to yield the right of way
Failure to keep in proper lane
conviction

Log book falsification

Hours of service violation
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1.6 Key findings

The key elements stemming from crash causation studies are that human factors are at the
heart of CMV crash causation and that recognition and decision errors are the most
prominent problems. In the LTCCS, these categories represent 66.4% of the critical
reasons for all crashes (including single and multiple-vehicle truck crashes). Note
however that for multiple-vehicle crashes involving a truck and a car, these two factors
represent 78.1% of CMV drivers’ critical reasons and 53.8% of LDV drivers’ critical
reasons. Furthermore, decision errors account for 42.6% of CMV driver critical reasons
compared to only 23.5% of LDV driver critical reasons, and recognition errors explain
35.5% of CMV drivers’ errors compared to 30.3% for LDV drivers. LDV drivers
however produce more performance errors than CMV drivers (19.3% vs. 6.8%) as well as
much more non-performance errors, related to impairment by either substances or fatigue
(15.6% vs. 2.8%).

These results are important to consider when drafting a risk-based, data-driven strategy
for intervention. As can be seen in figures 5 and 6, they suggest that decision errors
represent the primary target followed by recognition errors for CMV drivers. For LDV
drivers, recognition errors are more frequent, followed by decision errors. However,
performance and non-performance errors are also quite significant for them. The very
low prevalence of non-performance errors for CMV drivers in multiple-vehicle crashes in
the LTCCS should however not imply that fatigue is not a significant problem. It is in
fact an associated factor in 7.5% of all crashes for CMV drivers and 14.7% for LDV
drivers. Moreover, the contribution of fatigue to other types of errors, mainly inattention,
is hard to quantify but it is certainly significant.

CMV drivers

6.8°A) 2.80/0

O Recognition errors
35.5% B Decision errors
O Performance errors

O Non-performance
errors

Figure 5: CMV drivers’ critical reasons in multiple-vehicle crashes in the LTCCS
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Figure 6: LDV drivers’ critical reasons in multiple vehicle CMV crashes in the LTCCS

Another important result to consider from the research literature is that reckless, risky or
aggressive driving behaviors are the main decision errors committed by CMV and LDV
drivers involved in CMYV crashes. This was clearly shown in:

e The ATRI crash prediction study (Murray et al., 2005), where the presence of a
reckless driving violation increased subsequent crash risk by 325%;

e The Sullman et al. (2002) study where the self-reported commission of deliberate
unsafe, risky, driving behaviors is associated with crashes for CMV drivers;

e The Craft (2008) analyses of LTCCS data showing that following too closely and
illegal maneuvers are the errors with the highest risk ratio for CMV drivers;

e The Hanowski et al. (2000) and the Dingus et al. (2002) truck naturalistic studies,
where speeding/aggressive driving represented respectively 32% and 47.6% of the
critical reasons for the occurrence of critical events imputable to CMV drivers.

Therefore, although these studies wused different methodologies, different
conceptualizations of human processes and different datasets, they suggest that driver
errors evolve around a limited, redundant set of behaviors. Speeding, lane discipline and
reckless, aggressive or risky driving stand out as primary factors to consider.

Figures 5 and 6 clearly show that recognition errors also stand out and need to be
addressed. The contribution of recognition errors in crashes is well documented in
general road safety as well, with the Try-level Indiana study (1978) and the UDA study
(2001) rating them as primary crash causes. With regards to CMV safety, the results of
the LTCCS rank recognition errors second to decision errors for CMV drivers and they
represent the first category of critical reason for LDV drivers involved in CMV crashes.
Globally, recognition errors relate to the processes that come into play when a driver
appraises a driving situation. This includes perception, attention, and comprehension, and
is affected by the factors that impact on these processes. Interventions aimed at
recognition errors therefore need to prevent or counteract the effects of these factors.
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2. Phase I: Intervention leads

The first section of this report reviewed the scientific literature about crash causation for
both general road safety and CMV safety. The objective was to gather the empirical
evidence that would lay the basis for a risk-based data-driven strategy for interventions.
The analyses clearly indicate that recognition and decision errors — from both CMV and
LDV drivers involved in CMYV crashes - are the main causes for truck crashes, and that
this is where interventions are likely to generate the strongest safety gains. In the next
sections, countermeasures aimed at these categories of errors will be addressed.

Given the actual state of scientific knowledge, the scope of this project and its 36 months
timeframe, it will not be possible to articulate specific, ready-to-use, scientifically proven
recommendations for every problem identified in the first section. Rather, specific
interventions can be recommended in cases where the science is more evolved, and a
course of action - most likely involving research and development — will be suggested in
other areas that are less advanced in terms of fundamental and applied science.

It is also important to note that CMV driver issues are currently the scope of significant
research in the U.S. As described in the interim report of this task force, the FMCSA
embarked in an intensive problem assessment research program more than a decade ago,
which led to the realization of the LTCCS and naturalistic studies amongst other things.
The results of theses studies, confirming the primary role of human factors in crashes,
had a significant impact on the orientations of ongoing and future research in the agency.
Most of these new studies are however still ongoing and results will progressively be
released in the coming years. Since it is very relevant that our reflection in Canada
benefits from the results of these studies, our review process needs to be seen as an
ongoing effort rather than a close-ended, isolated task. The current 36 months project in
fact represents a basic initial step in the development and application of human factors
interventions for motor carrier safety in this country.

2.1 Recognition errors

As mentioned in the previous section, recognition errors relate to processes that come
into play when a driver appraises, or recognizes, a driving situation. This mainly includes
perception and attention. Interventions aimed at recognition errors therefore need to try to
prevent or counteract the effects of factors that would negatively influence these
processes. The first step when addressing this problem is therefore to identify these
factors and to try to understand how they impact on perception and attention.

The most basic process at the core of recognition errors is attention. Before an individual
even perceives and processes sensory information, he/she needs to be either receptive to,
or actively seeking it. Attention processes are therefore responsible for the selection and
detection of information that is relevant for driving. A problem at this level would
generate an overall dysfunction of the information processing system.
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Generally speaking, attention problems are labeled under the inattention concept. It is
understood in the field that inattention problems are mainly related to fatigue
(hypovigilance and drowsiness) or distraction (Desai and Haque, 2006; Gander et al.
2006; Bunn et al., 2005; Stutts et al, 2005). Overall, including the problems caused by
both fatigue and distraction, inattention is a critical road safety issue. In their recent
naturalistic study, Klauer et al, (2006) observed that inattention was included as a
contributing cause in 80% of crashes and 65% of near misses. Countermeasures for both
fatigue and distraction therefore need to be addressed systematically when looking for
means to prevent recognition errors.

2.1.1 Driver fatigue

Driver fatigue has received considerable attention from road safety practitioners
throughout the world. Although estimates of its contribution to road crashes vary from
one study to another, it is understood that the problem of fatigue is very significant and
tends to be under-reported in most crash databases. In 1995, the National Transportation
Safety Board estimated that fatigue was related to 31% of fatal truck crashes (NTSB,
1995). Issues like the causes of fatigue, its prevalence as well as safety interventions are
still being heavily studied, both in general road safety and CMV safety (Adams-Guppy &
Guppy, 2003; Balkin et al., 2011; De Croon, Sluiter, Blonk et al., 2004; Dawson et al.,
2011; Di Milia et al., 2011; Gander, Marshall, Bolger et al., 2005; Gander et al., 2011;
Horrey et al., 2011; Huang, Roetting, McDevitt et al, 2005; Morrow,& Crum, 2004;
Smolensky et al., 2011; Thiffault & Bergeron, 2003a; Williamson et al., 2011, etc.).

The objective here is not to generate a comprehensive assessment of the multiple angles
of the driver fatigue literature, but rather to identify a set of countermeasures for the
motor carrier industry. The approach will therefore be to cover the essentials concerning
the causes of fatigue, with a special focus on the motor carrier industry, and to formulate
up-to-date recommendations with regards to interventions. Again, given the mandate of
this task force and its timeframe, the challenge is to simplify and focus rather than expand
and discuss. General background information nevertheless needs to be introduced first to
generate a relevant description of the problem.

Fatigue and distraction are troublesome concepts in road safety. While it is conceptually
and scientifically easy to justify generating research and interventions into these areas,
there are inherent difficulties in assessing their true prevalence and in profiling them
accurately. These difficulties mainly lie in the fact that fatigue and distraction are very
difficult to measure, both through self-reports and safety data, including crash reports and
even in-depth crash causation investigations.

Conceptual problems in understanding and defining fatigue have also plagued the field
and are certainly responsible for some of the difficulties in addressing the issue. The
phenomenon is complex, multifaceted and subtle. For instance, there are different types
of fatigue - or different reasons why operators experience fatigue - and it is very difficult
to empirically demonstrate which factors are involved for a specific driver at a given
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point in time. Is the driver fatigued because of time-of-day, lack of sleep, sleep deficit,
time-awake, time-on-task, demanding vs. monotonous and undemanding tasks?

Given the complexity and the systemic nature of human functioning, answering such
questions is rather hazardous. Brain alertness in fact results from complex interactions
among multiple factors such as those mentioned above. It is nevertheless possible to
estimate the contribution of these factors to some extent and to develop countermeasures
to address them. Some of this knowledge already exists, but lots remains to be done.

2.1.1.1 Inattention: fatigue or distraction?

Did a driver fail to adequately recognize a driving situation because of distraction or
because of fatigue-related hypovigilance? As suggested by Dinges (1995), hypovigilance
(lowering of the ability to monitor the environment) is the most robust effect of fatigue
and it has a significant detrimental impact on driving performance. Hypovigilance-related
driving errors, by definition, are therefore synonymous to inattention errors. They are
likely to occur in the very early stages of fatigue, and particularly on monotonous roads
(Thiffault and Bergeron 2003a). However, since contemporary driver fatigue research has
been mainly focused on the other end of the alertness continuum (drowsiness and falling
asleep episodes), there has been a tendency to associate most driver inattention errors to
the distraction paradigm, which is, in many cases, inaccurate (see figure 7, taken from
Stutts et al. 2005).

Fatigue-related inattention is caused by lowered alertness while distraction-based
inattention is associated with divided attention and dual task issues. Therefore, even
though these two problems may lead to comparable deterioration of driving performance,
they call for different interventions, and should be properly identified, understood and
addressed (IRU, 2007).

Documented in Crash Reports

e

Mot Documented
But Driver Aware

Drowsy Driving Distracted Driving

Mot Documented
And Driver Mot
Aware

Overlap: Inattention Caused by Drowsiness

Figure 7: Confusion between fatigue and distraction-related inattention (from Stutts et al.
2005)

Human Factors in the Motor Carrier Industry in Canada 41



2.1.1.2 What is fatigue?

Brown (1994) differentiates physical from psychological fatigue and describes the latter
as a disinclination to continue performing the task at hand. Philip et al. (2005) refers to
fatigue as a gradual and cumulative process associated with disinclination towards effort
(resolved by rest), and sleepiness as a difficulty remaining awake that finds its roots in
the circadian influences and the sleep/wake cycle (resolved by sleep). Desmond and
Hancock (2001) define passive and active fatigue states, where active fatigue results from
continuous high-perceptual demands (overload) and passive fatigue is associated with
monotonous situations with little or no interesting stimulation (underload). Moller (2008)
also operates this distinction but refers to type 1 (underarousal) and type 2 (overarousal)
categories of fatigue. According to Oron-Gilad and Shinar (2008), fatigue can be caused
by either a driver’s initial state and lack of sleep or by the monotonous characteristics of
the drive. Note that Thiffault and Bergeron (2003a, 2003b) and Thiffault (2005b) also
made this distinction by defining the endogenous (from within the person) and the
exogenous (task-induced) causes of fatigue.

To simplify the issue, it can be said that fatigue is basically a movement on the
continuum of brain alertness, from more to less alert. When this movement is occurring,
many phenomena occur at the different levels of human functioning (neurological,
physiological, subjective, cognitive). The vigilance decrement (hypovigilance) is only
one of these phenomena, but it is very detrimental to transportation operations
characterized by long hours under monotonous settings, and with very high levels of
social responsibility. Again, note that hypovigilance (inattention) is likely to occur very
early in the development of fatigue - before any drowsiness is being felt - and that it often
goes under the radar of current fatigue research and interventions, which are mainly
focused on heavier deterioration of alertness and performance associated with drowsiness
and actual falling asleep episodes (see figure 8).

+ Alertness -

Alert 1 Drowsiness Asleep

+ Vigilance -

Vigilance | N Drowsiness Asleep

Hypovigilance/inattention

Figure 8: Importance of hypovigilance as an early manifestation of fatigue
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Hypovigilance is an early sign of serious deteriorations of alertness (like when a person is
gradually falling asleep) but it is also associated with factors that may generate milder
alertness decrement, such as road monotony or certain types of medications, without
necessarily transiting into drowsiness and falling asleep episodes. As such, since
hypovigilance and inattention are clearly linked with crashes, these factors that generate
milder alertness decrements also deserve full attention from road safety practitioners.

2.1.1.3 The causes of driver fatigue

Even though, as stated in the literature, there are many kinds of fatigue or many causes
for fatigue, it essentially always implies a decrease in brain alertness. One simple way to
discuss the issue therefore is to look at the different causes for decreased brain alertness
and assess how they may contribute to the overall phenomenon (Thiffault, 2005).

Several factors can act upon alertness, thus several factors can account for driver fatigue.
These factors can be classified as endogenous (sleep problems, time-of-day, time-on-task,
time awake, personality, age, gender, psychoactive substances, etc.) and exogenous, or
task-induced (monotony vs. heavy workload) (Cabon, Bérard, Fer et al., 1996; Thiffault
& Bergeron, 1997; Thiffault & Bergeron, 2003a; Thiffault and Bergeron, 2003b,
Thiffault, 2005; Fletcher, Petersson, & Zelinsky, 2005). Note that endogenous factors
produce the basic state of alertness and that exogenous factors define task conditions that
can also impact on brain alertness and alter vigilance and performance.

As shown in figure 9, exogenous and endogenous factors interact at all times in a
systemic equation and it is their joint influence that determines alertness and the
associated level of vigilance. It is important to emphasize that the influence of exogenous
factors is limited by boundaries set by endogenous factors, which remain the principal
influence on alertness. However, even when the base level is high, task-induced factors
such as monotony still have the potential to induce hypovigilance, which has a well
documented detrimental effect on driving performance and road safety (Thiffault, 2005;
Meuter el al, 2005).

Endoganous Factors Exogenous Facliors

= Time of gay - Task complsulty

» Sleepiness  Tash MOonoony:

= TiIme on 13sk - Warlance In task
= Smulants - Distractions.

= Age, gender, personallty - Repeililveness
= Moad - 4her simutation

_——

l

[ Driwing Perfonmance ]

Figure 9: Systemic interaction between endogenous and exogenous causes of fatigue
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The contemporary approach to the study of fatigue and driving is largely oriented
towards sleep research and factors related to endogenous fluctuation of alertness. While it
is clear that this approach is fundamental, basic psychophysiological science also
indicates that an ergonomic analysis of the driving task, which includes exogenous
factors, represents an important complement that needs to be investigated further.

Below is some basic factual information on the main causes of driver fatigue. The
objective is to convey up-to-date widely accepted rules and knowledge for these fatigue
causes rather than conduct extensive reviews of literature on each of them. The specific
fatigue risk factors in the motor carrier industry will be then addressed.

2.1.1.3.1 The internal circadian time-of-day effect

Biological functions, alertness, performance and mood fluctuate on a 24-hour cycle in
relation with internal circadian mechanisms. Human beings are programmed to be more
alert during the day than during the night, even though there is a low alertness period in
the middle of the afternoon. As a result, it is now well documented that there is a more
important proportion of sleep-related crashes during the early morning hours (02:00—
06:00) and to a lesser extent during the afternoon period (14:00-16:00) (Caskadon &
Roth, 1991; Folkard and Monk, 1979, Mitler et al, 1988; Mitler et al., 1997; Horne &
Reiner, 1995; Pack et al., 1995; Sagberg, 1999; Otmani et al., 2005; NCSDR/NHTSA
Expert panel on Driver Fatigue, 2000; Knipling, 1998; Boivin, 2000).

Smiley (2002) integrated the data of three different studies into a single figure in order to
illustrate their accordance with regards to the distribution of risk ratios for crashes over
the 24-hour cycle (see figure 10). The figure clearly shows the increased crash risk
associated with night driving. In the milestone Fatigue and Alertness Study (Wylie et al.,
1996), 82% of drowsy driving episodes occurred between midnight and 07:00. In fact, the
data shows that the time-of-day effect was a far more important predictor of fatigue in
professional drivers than time-on-task. Consequently, it should be understood that a
driver working at night and sleeping during the day does so in contradiction with his
natural biological cycle. In this regard, Di Milia (2006) observed that long-haul drivers
operating on night shifts have a greater incidence of severe sleepiness. Night driving
tends to combine chronic sleep loss and long hours of passive driving in very
monotonous and low demanding settings. Driving after a night shift to commute home is
also linked with acute sleepiness at the wheel, as observed in this study. Globally, as
noted by Rosekind (2005), scheduling practices in the motor carrier industry can disrupt
sleep, performance and the circadian clock due to day/night variability, changing start
time, non 24-hrs cycles and time zone changes.

According to Rosekind (2005), given the extreme complexity of the circadian
fluctuations of alertness and the very significant societal need for 24/7 trucking
operations, there is virtually no hours of service (HOS) structure in the world that
currently account for the risks of night driving. However, having an HOS structure that is
based on a 24-hour cycle, as it is the case in Canada, is a positive thing since in theory it
should help preventing phase shifting.

Human Factors in the Motor Carrier Industry in Canada 44



Risk ratio by time of day

—A— Adapted from DiMilia, Australia, 1998
30
§ o5 = —— Adapted from Horne/Reyner, Great
g Britain, 1995
£g 20 —6— Kecklund/Akerstedt, Sweden, 1995
]
315
s 10 1
on
= 5 , AN
8 oo
0 T T T TRt
0 1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Time of day

Figure 10: Distribution of risk ratios for crashes over the 24-hour cycle (Smiley, 2002)

Since attempts to integrate circadian considerations in scheduling practices would be
extremely difficult, it appears that the problem of night driving needs to be addressed by
means other than federal HOS rules. Nevertheless, given the universality of findings that
show that night driving is a very significant risk factor, it is obvious that something needs
to be done in this respect. Fatigue Management Programs, scientifically developed
napping guidelines and fatigue detection technologies are some of the approaches that
should be considered.

2.1.1.3.2 Time awake and time-on-task

A lot of work has been done on the effect of time awake or time-on-task on crash rate.
Studies have observed increased crash risks for CMV drivers when driving more than 8-
10 hours (Saccomanno et al., 1996; Campbell, 1988; Campbell & Beltzer, 2000; Jones &
Stein, 1987, Lin et al., 1993, 1994; see McCartt, Hellinga & Solomon, 2008). In a
laboratory setting, Richter et al. (2005) observed a time-on-task effect that was
independent of time-of-day but related to the monotony of the task. In other words, in
itself, a monotonous task produces fatigue as time elapses, independent of time-of-day.

It is however generally agreed that time awake, or hours of continuous wakefulness, is a
more significant issue than time-on-task per se. In general, scientific data show that being
awake for more than 16 hrs is associated with significant performance decrements
(Rosekind, 2005). Van Dongen et al. (2003) observed that cumulative wakefulness in
excess of 15.84 hrs, over 14 days, significantly impacted performance.

Another line of studies aims at comparing fatigue levels generated by extended
wakefulness to the effects of alcohol on driving performance. Dawson and Reid (1997)
found that after 19 hours of sustained wakefulness, performance deteriorates to a level
equivalent to a BAC of 0.05% on a non-driving task). Lamond and Dawson (1999)
observed that performance was relatively stable between 0 and 17 hours of wakefulness
and that it progressively deteriorates with an effect similar to moderate doses of alcohol
during the period ranging from 17 to 27 hours awake. It is worth noting that time awake
had an impact on four of the six measures taken here and that this effect was equal or
slightly superior to 0.05% BAC after 19 hours awake in only one of them (response
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latency component). Also, in the Arnedt et al. (2001) simulator study, 16-hours awake
was equal to 0.0% BAC, whereas it took 18.5 hours to reach a deterioration comparable
to that of a 0.05% BAC and 21 hours to reach 0.08%.

Overall, these comparisons between fatigue and alcohol levels need to be taken with
caution. First, it is arguable that because of their methodological structure, these studies
were confounded by the fact that the effects of time-of-day and time-awake were
undistinguishable. The stronger effects of time-awake on performance were indeed
observed between 02:00 and 06:00, which corresponds to the lower circadian points and
the higher proportion of fatigue-related crashes. In this regard, Arnedt et al. (2001)
acknowledged that their comparison of the effects of time-awake and alcohol did not take
into consideration the effects that circadian rhythms had on performance. Williamson et
al. (2001) also pointed out that it was possible that the changes observed in performance
in their study may have been entirely or in part due to the circadian effects. It is moreover
important to note that the time-of-day effect is known to be much stronger than the time-
on-task effect (Wylie et al., 1996). Hence, since simulator studies have also shown strong
circadian influences on performance (Lenné et al., 1997), these results should be
confirmed with a methodology that would control for the time-of-day effect.

Another point to note is that these studies were done in laboratory settings and consisted
mainly of simple sub-tasks of driving performance. In this respect, Williamson et al.
(2001) observed an effect of fatigue on the simpler task, but not on more complex
processes observed in the study. It is also important to underline that while alcohol
deteriorates driving performance through its effects on visual-motor coordination,
tracking and reaction time, it’s main detrimental effects on driving behavior comes
through it’s impacts on higher levels of decision making, mainly the processes involved
in risk-taking behaviors. It is indeed by its acute behavioral disinhibiting effects and its
impact on risky-driving that alcohol impacts on road safety (Fillmore et al., 2008). It is
definitively doubtful that fatigue has similar effects on inhibition processes, impulsivity
and risky-driving.

To sum-up, scientific studies suggest that extending continuous hours awake to more than
16 hours can significantly impact on performance. The current Canadian HOS rules
limiting duty time to 14 hours (13 driving, 1 on-duty not driving) within a 16-hour
window is a step in trying to limit the effects of extended wakefulness on driving
performance. The mandatory restart period after a duty cycle (36 hours for a 70 hours
cycle, 72 hours for a 120 hours cycle), as well as the cycle limits (70/7 or 120/14) are also
intended to have positive effects on drivers’ alertness by eliminating the negative effects
of cumulative extended wakefulness.

2.1.1.3.3 Acute and cumulative sleep loss
As noted by Rosekind (2005), scientific studies show that on average humans need
around 8 hours of sleep. There is however a significant tendency in our society to get less

sleep than our physiological needs require, which certainly impacts on a variety of
factors, including road safety. Multiple studies have shown that getting 2 hours less sleep
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than the 8 hours required (acute sleep loss) results in performance decrement. For this
reason, it is important that HOS rules provide drivers with the opportunity to take 8
consecutive hours of sleep, plus enough time to attend to other personal activities and
needs, in any 24-hour period. In this respect, current Canadian rules, with mandatory 10
hours off-duty daily (8 of which need to be consecutive), are a significant step in this
direction. Note however that what drivers actually do in their off-duty time is up to them,
and cannot be regulated. Fatigue management programs can however be instrumental in
shaping their knowledge and attitudes in order to increase their motivations to get the
sleep that they really need.

Cumulative sleep debt is also a significant problem. If acute sleep loss occurs over
consecutive nights, it tends to add up and create a significant sleep debt that needs to be
“reimbursed” by sleep. The effects of cumulative sleep loss are dose dependant, so that
the bigger the dept, the more important the performance decrement. As noted by
Rosekind (2005) two consecutive sleep periods can erase a sleep dept. This rule is the
main scientific reason behind the HOS provision for a mandatory off-duty restart period
after each duty cycles.

2.1.1.3.4 Obstructive sleep apnea syndrome

Obstructive Sleep Apnea Syndrome (OSA) is a condition in which breathing frequently
stops or is substantially reduced on a regular basis throughout the night. Each apnea is
associated with partial awakening as breathing is restored, and these consecutive
awakenings lead to a lack of restorative sleep. It is a common sleep disorder that is
associated with increased daytime sleepiness, memory and concentration problems,
irritability, impaired vigilance and reaction time as well as road crashes (Moscovitch et
al., 2006). Epidemiological studies show that sleep apnea is more prevalent in men then
women (24% vs. 9%, see Young et al., 1997). It is also associated with middle age,
obesity, snoring and having a large collar size. As such, CMV drivers appear to represent
a high-risk population.

There are inconsistencies in studies looking at the prevalence of OSA among the
population of truck drivers. Pack et al. (2002) found that 17.6% of drivers holding a CDL
suffered from mild OSA, 5.8% had moderate levels and 4.7% had severe levels. These
results contrast with the Stoohs et al. (1995) study were it was suggested that 78 % of
drivers with a CDL had mild sleep apnea, as well as the Moscovitch et al. (2006) study
where, of 35 drivers, 25 (or 71%) had OSA, of which fourteen (56%) were mild, seven
(28%) were moderate and four (16%) were severe. Robert and York (2000) observe that
obesity is the primary risk factor for OSA. Given the rate of obesity in the motor carrier
industry, they claim that the rate of OSA could be twice more important in the population
of CMYV driver than in the general population.

Sleep apnea is therefore a serious risk factor for fatigue-related road crashes, both in the
general population and amongst CMV drivers. The crash rate of drivers with untreated
sleep apnea is 2-3 times higher than other drivers (American Thoracic Society, 1994;
George & Smiley, 1999; Horstmann et al., 2000; Lloberes et al., 2000; Smolensky et al.,
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2011; Suratt & Findley, 1999; Teran-Santos et al., 1999). However, most importantly,
sleep apnea can easily be diagnosed and treated and doing so could have a significant
positive impact on driving performance and road crashes (Pizza et al., 2008, Hack et al.,
2000; Cassel et al., 1996; Findley et al., 2000; George, 2001). This is why the diagnosis
and treatment of sleep apnea amongst CMV drivers is one of the core components of the
North American Fatigue Management Program (NAFMP) that is currently being pilot-
tested by a Canada-US team led by Transport Canada.

Gurubhagavatula et al. (2008) observe that the standard diagnosis for sleep apnea is in-
laboratory polysomnography. Since this technique is expensive and relatively
inaccessible, its large-scale application to the trucking industry remains questionable. The
authors ran a cost/benefit analysis of three different scenarios for the screening and
treatment of CMV drivers. On the basis of an estimate of the costs of fatigue-related
crashes, they evaluated the profitability of (1) in-lab polysomnography, (2) selective in-
lab polysomnography for high-risk drivers (where high-risk is first identified by body
mass index, ages and gender, followed by oxiometry in a subset of drivers) and (3) not
screening.

Assuming that sleep apnea treatment prevents fatigue-related crashes, the results indicate
that a decision not to screen for sleep apnea could cost as much as $2.4 billion a year in
the US. Full in-lab polysomnography is nevertheless not cost-effective because it is more
expensive than the cost of crashes when no screening is done. Screening with BMI, age
and gender with confirmatory in-lab polysomnography is however cost-effective if a high
proportion (73.8%) of screened drivers accept treatment. Overall, these findings indicate
that strategies that reduce reliance on in-lab polysomnography may be 50% more cost
efficient that no screening. Treatment acceptance, however, may need to be a condition of
employment for affected drivers.

2.1.1.3.5 Road monotony

Fatigue corresponds to a loss of alertness on the sleep/wake continuum (Thiffault, 2004;
Thiffault, 2005a). In this perspective, monotony is a fatigue facilitator: it has the potential
to exacerbate or to counteract (to some extent) the impact of endogenous factors by
pulling alertness towards the sleep end of the continuum. According to Kecklund and
Akerstedt (2004), monotony mediates the relationship between sleepiness, performance
and crashes. When coupled with long time-on-task and/or low circadian points, the
impact of monotony can be catastrophic as it accentuates the decline in alertness.

On the other hand, as suggested by Balkin (2004), while sleepiness is reversed by sleep,
monotony is relieved by stimulation. Stimulation has the same kind of systemic input on
alertness as monotony, but in the opposite direction. As such, under monotonous
conditions, stimulation could be viewed as an alertness facilitator. When experiencing
fatigue, drivers indeed naturally tend to increase their workload by engaging in
stimulating activities such as dinking beverages, tuning the radio, talking to a passenger
or stretching/shifting in their seat, as was recently shown in the Barr, Yang, Hanowski et
al. (2005) study.
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Almost every paper related to driver fatigue states that the problem is more frequent on
monotonous roads such as highways in rural environments. Models such as the
habituation theory, the ecological perspective of driver fatigue, highway hypnosis and
driving without awareness mode, have been put forward to explain how monotony can
contribute to fatigue (see Thiffault and Bergeron 2003a for a review). Generally
speaking, it is suggested that monotony decreases alertness, which in turn reduces
vigilance, resulting in a detrimental impact on many aspects of driving performance. In
every model it is suggested that alleviating monotony could have a positive effect by
allowing at least a temporary restoration of alertness and associated level of vigilance.

Monotony can be viewed as a work-related stressor for commercial drivers. According to
the dynamic model of stress and sustained attention, underload and overload are stressors
to which one has to adapt (Hancock and Warm, 1989). As observed by Fairclough and
Houston (2004), mental effort is a compensatory strategy that can be used in low
alertness situations, however this energy mobilization can only be temporary and will
eventually accentuate the fatigue response.

Adams-Guppy and Guppy (2003) as well as Barr, Yang, Hanowski et al. (2005), pointed
out that road monotony is an important factor associated with truck driver fatigue. In
countries such as Canada, the United-States and Australia, long-haul commercial drivers
indeed spend a significant portion of their working time enduring very low-demanding
task conditions. Furthermore, in a study focusing on bus driver fatigue, it was
acknowledged that the comfort of buses could accentuate the monotony of the driving
task and result in even more severe losses of alertness and attention (FMCSA, 1999).

It was also shown that there are individual differences with regards to the sensitivity to
monotony and that these differences can be linked to the psychophysiological need for
stimulation underlying personality dimensions such as extraversion and sensation
seeking, which can be measured (Thiffault and Bergeron, 2003b). These conclusions
have important implications in terms of interventions, mainly with regards to fatigue
detection and management as well as driver evaluation.

2.1.1.4 Fatigue and individual differences

There is a growing interest in trying to better understand the causes of individual
differences in driver fatigue susceptibility. Data from the Driver Fatigue and Alertness
Study (DFAS) show that 29 of the 80 drivers were never drowsy while 11 of them were
responsible for 54% of the drowsiness episodes (Wylie et al., 1996). Looking at the data
of three instrumented vehicle studies that were conducted to monitor driver fatigue,
Knipling (2005) observed that high, medium and low fatigue risk groups could
consistently be identified. While studying the impact of sleep duration on driving
performance, Balkin et al. (2000) observed that performance was related to amount of
sleep but that there were significant intragroup differences between subjects who slept the
same number of hours.
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Van Dongen et al. (2004) did a study to investigate if neurobehavioral response to sleep
loss was related to sleep history or to a trait-like differential vulnerability. The results
showed that interindividual variability was more important than the effect of prior sleep
and thus support the latter explanation. The authors therefore suggest that
neurobehavioral deficits from sleep loss involve a trait-like differential vulnerability for
which neurobiological correlates remain to be discovered.

In a study looking at the impact of sleep restriction on driving performance (line
crossing), Philip et al. (2005) noted that two of their six subjects were responsible for 93
of the 94 observed line-crossing events. The authors advocate the presence of variability
in the activation of waking systems and stress that research is needed to identify
individuals more vulnerable to sleep restriction. According to Knipling (2005),
commercial drivers have important interindividual differences in fatigue susceptibility,
which may largely rely on individual physiological factors and/or long-term behavioral
differences related to sleep hygiene habits.

It is interesting to note that the above-mentioned recent studies relate to endogenous
sources of fatigue. However, older studies conducted under the vigilance paradigm also
consistently reported the presence of individual differences in subject performance and
related them to differential reactions to the low demanding and monotonous characteristic
of vigilance tasks. Hence, while current efforts aim at explaining individual differences in
endogenous fatigue susceptibility, differences in the reaction to monotony could also play
a role by mediating the effect of exogenous factors on alertness. Two main dimensions
were identified in the vigilance literature as mediating precursors of task-induced fatigue:
extraversion and sensation seeking (see Thiffault and Bergeron 2003b for a
comprehensive review).

2.1.1.4.1 Extraversion

The extraversion-introversion dimension, as formulated by Eysenck (1967), is the most
extensively studied personality trait in the vigilance field. It has also been implicated as a
possible mediator of fatigue and driving (Brown, 1995), related to the development of
subjective fatigue (Matthews and Desmond, 1998), and shown to have a significant
relationship with the occurrence of fatigue-related driving errors during simulated driving
conditions (Verwey & Zaidel, 2000, Thiffault and Bergeron, 2003b).

Very briefly, using Hockey’s control theory, Eysenck (1988, 1989), points to the
existence of a high-level control system that would regulate the instigation of effortful
activities aiming to compensate for sub-optimal internal states. Applying the control
theory to explain the relation between extraversion and vigilance, he suggested that
introverts would make more use of the control system and tend to invest more effort than
extraverts when compensating for the effects of monotonous task conditions.
Alternatively, extraverts would invest less effort and show greater performance
decrement.
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2.1.1.4.2 Sensation seeking

Sensation seeking (SS) is a personality trait defined by the need for varied, novel and
complex sensations and experiences and the willingness to take physical and social risks
for the sake of such experiences (Zuckerman, 1979). The relationship between sensation
seeking and road safety has been observed mainly in terms of risky-driving. It is largely
acknowledged that high sensation seekers (HSS) tend to take risks because of their need
for novelty, sensations and thrills. Alternatively, because of their aversion to boredom,
monotony and low demanding task conditions, it is possible that HSS may react more
negatively to monotonous road environments. In their simulator study on the personal
predictors of driver fatigue, Verwey and Zaidel (2000) observed that the dishinibition
dimension of sensation seeking is related to more frequent solid lane-marking crossings
and erratic driving. Verwey and Zaidel suggest that professional drivers should not be
sensation seekers, so that they do not engage in exploratory and risky behaviors under
boring driving conditions.

The over-representation of younger male drivers in fatigue-related crashes may also be
linked to sensation seeking. Many have suggested that the high prevalence of young
males in these crashes is related to a more fatigue-inducing lifestyle. Higher levels of
sensation seeking were however also observed for this population (Ball et al., 1984;
Butkovic and Bratko, 2003; Farmer et al., 2001; Zuckerman & Need, 1979; Zuckerman,
1994). It is thus possible that on top of their fatigue-inducing lifestyle - which can also be
linked to sensation seeking - a significant portion of young males would react more
negatively to monotonous driving conditions because of their higher levels of sensation
seeking. In the Otmani, Rogé and Muzet (2005) study, looking at the effect of age and
time-of-day on sleepiness in professional drivers, young drivers showed more
pronounced decreases in alertness than middle-aged drivers and were more likely to feel
sleepy in the low traffic, monotonous condition. This difference can be interpreted as a
differential reaction to monotony, which can be linked to higher levels of sensation
seeking and associated boredom susceptibility. The suggestion that young drivers could
be more influenced by boredom and that this vulnerability feeds into driver fatigue is also
supported by Oron-Gilad and Shinar (2000).

Thiffault and Bergeron (2003a, 2003b) ran a simulator study to investigate both the
impacts of road monotony on driver fatigue as well as individual differences in the
sensitivity to monotony. The methodology involved comparing fatigue-related driving
performance in two low-demanding driving scenarios, one of which was extremely
monotonous and the other containing disparate visual stimulation aimed at interrupting
monotony. The results reveal an early time-on-task effect on driving performance (as
early as 20 minutes into the task) and more frequent large steering wheel movements
when driving in the more monotonous environment, which implies greater fatigue and
vigilance decrements.

In terms of individual differences, subjects who acknowledged having fallen asleep at the

wheel in the past were likely to score significantly higher on sensation seeking than those
who claimed not to have done so. This result thus points to a relationship between SS and
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driver fatigue. This relationship is further supported by the fact that SS, and particularly
the experience seeking dimension, is a significant predictor of the fatigue indicators used
in the study. These results tend to corroborate those obtained by Verwey and Zaidel
(2000), which support a relationship between SS and driver fatigue. Similar findings were
also found in recent studies where HSS were more impacted by fatigue under
monotonous settings than LSS (Karrer et al., 2004, Michael & Meuter, 2007). The
significant interaction between extraversion and SS is also important because it implies
that individuals scoring high on both dimensions could represent a particularly high-risk
population for task-induced fatigue.

Measures of these personality dimensions may thus provide valuable practical
information for the screening, training and coaching of professional drivers as well as for
the management of their work. It could for example be possible, with the approval of the
drivers, to consider their profile when assigning them to different types of driving routes.
The more monotonous driving journeys would preferably not be given to high sensation
seekers or to extraverts who score high on sensation seeking. This could help by
improving both job satisfaction and road safety. These personality dimensions could
theoretically also be logged in monitoring devices and algorithms aimed at
detecting/predicting driver fatigue since they are likely to mediate the effects of
monotony. Therefore, while current efforts to investigate individual differences in driver
fatigue mainly evolve around the differential vulnerability to sleep loss, an approach
looking at exogenous fatigue susceptibility would provide an important complement.

2.1.1.5 Subjective fatigue, knowledge, attitudes and behavior

Based on sleep science, the decision to stop driving and take a nap when one is feeling
fatigued is certainly the more appropriate thing to do. Other reactive or “in
transit” countermeasures like opening the window, talking to passengers, or taking a
break without napping are also available to drivers, even though they are far less
efficient. Recent studies (Vanlaar et al., 2008; Nordbakke & Sagberg, 2007; Smith et al.,
2005) however show that albeit drivers are well aware of the onset of drowsiness,
perceive fatigue as a significant road safety issue and recognize the relative efficiency of
countermeasures, they do not act on this knowledge. Instead, they keep on driving while
drowsy, trying to fight fatigue trough effort, which is by far the riskiest thing to do. The
reasons as to why this is happening deserve attention because it can have a direct impact
on the type of countermeasures that should be suggested to address driver fatigue.

Self-management of alertness would indeed be the best natural way to address driver
fatigue. There is however controversy as to whether drivers are reliable in assessing their
own level of alertness. According to Baulk et al. (1998) as well as Horne and Reyner
(2001), drivers are well aware of the onset of fatigue. Data from the DFAS (Wylie et al.,
1996) however shows little correlation between subjective ratings of alertness and
objective performance measures. Other authors such as Itoi et al. (1993) and Dingus
(2005) also conclude that drivers are not good at predicting the likelihood of imminent
sleep.
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These issues are complex, discussion can be guided in many directions and there are
many implications for interventions. For example, consider the following:

e There are probably individual differences in the reliability of self-assessment of
alertness;

e Drivers may be aware of increasing drowsiness, yet do not feel the onset of
fatigue-related hypovigilance, which is likely to occur early in the development of
fatigue. This makes the whole inattention spectrum of fatigue-related driver errors
even more hazardous;

e Drivers may feel large variations in alertness but their ability to detect minor
changes may be weak and/or mediated by individual differences. Since fatigue
onset is very gradual, it may go unnoticed;

e Minor phasic or task-induced variations of alertness caused by monotony or
medication are likely to go unnoticed. This is an important challenge, since these
minor alertness variations are associated with inattention, a known significant
predictor of road crashes;

e Drivers may feel drowsy but probably underestimate the possibility of actually
falling asleep at the wheel as a result of this drowsiness;

e The very proximal relationship between being drowsy, microsleep episodes and
actual falling asleep is most likely poorly understood, which could explain why
drowsy drivers underestimate the risks and keep on driving, trying to fight fatigue
with effort.

The debate whether or not drivers are efficient in detecting decreases in alertness is
certainly important, however the fact that most of them do not act properly and keep on
driving when they do feel fatigued is another problem which appears even more relevant.
Smith et al. (2005) indeed observed that young drivers were able to perceive variations in
objective alertness across the day but that they nevertheless kept on driving in low
alertness situations (e.g. night driving). Citing Horne and Reyner (1999) the authors
suggest that young drivers underestimate the probability of falling asleep when drowsy
and therefore underestimate the risk of crash and potential injuries when driving sleepy.
In other words, their physiological perceptions are somewhat accurate, but their
behaviors are influenced by other determinants of risk-taking behaviors.

As noted by the authors, interventions aimed at convincing drivers to stop driving when
feeling drowsy might be most effective. Accordingly, instead of simply educating drivers
on the signs of fatigue, it would be more efficient to reinforce the link between perceived
sleepiness, driving impairment and increased crash risk. It is however debatable whether
the simple transmission of knowledge about the risk of falling asleep and crashing when
driving drowsy would be sufficient. Models like the Theory of Planned Behavior (TPB)
clearly demonstrate that intentions to commit a behavior are the result of complex
interactions where simple factual knowledge has limited predictive value. This implies
that fighting driver fatigue while focussing solely on educational programs may have
limited impacts.
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Nordbakke and Sagberg (2007) conducted a large-scale survey to better understand
drivers’ actions when feeling drowsy. The authors noted that incidents of falling asleep at
the wheel are usually preceded by subjective symptoms of sleepiness, which should
ideally be sufficient for drivers to take adequate countermeasures. They therefore
hypothesized that continued driving by drivers who are aware of their sleepiness should
either be the product of a lack of knowledge of the risks associated with fatigued-driving
or a failure to act according to this knowledge.

The results show that drivers had good knowledge of the risk of falling asleep while
driving as well as its associated hazards. The severity of sleep-related crashes was
however underestimated, which could have prevented them from taking fatigue seriously
enough. Most surprisingly, of the 3.5% of drivers that fell asleep at the wheel in the past,
26% report that they kept on driving after having woken up, without taking a break.
Overall, 73% of respondents report they usually continue to drive when they feel sleepy.
Reasons for doing so are mainly ascribed to time pressure and the desire to get back
home.

The results also indicate that the countermeasures believed to be the most efficient are not
the ones being employed most frequently. For example, taking a nap is identified as the
second best countermeasures (after changing drivers), but only 10% of drivers report
doing it when feeling drowsy. In fact, drivers tend to rely on in-transit strategies that can
be done in the car without stopping (music, opening windows, talking), instead of pre-trip
countermeasures, which they know represent a better approach (see Smiley, 2008).
Again, the problem does not appear to be one of knowledge; most drivers in the study
were aware of the importance of getting enough sleep prior to long drives but a large
proportion of them do not act accordingly and do not get sufficient sleep beforehand.

Like Smith et al. (2005), Nordbakke and Sagberg (2007) conclude from their study that
drivers do experience various signs of sleepiness before falling asleep at the wheel, but
that these signs are not taken seriously enough. The relationship between physiological
fatigue signals and the risk of falling asleep is not well understood and drivers tend to
overestimate their capacity to fight sleepiness with effort (see also Dinges, 1992; Lucidi
et al. 2006). The authors suggest that drivers may in fact lack the knowledge of when they
should act on their sleepiness. They should be made to understand that the transition from
fully awake to drowsy is very gradual and poorly perceptible and they should be
convinced to pay more attention to the early signs of fatigue. Even more importantly,
they should be convinced to act early in the fatigue process with efficient strategies.

The results of Nordbakke and Sagberg (2007) also show that the discrepancy between
knowledge and action with regards to the efficiency of countermeasures is impacted by
drivers’ age. While younger drivers tend to use less effective in-transit countermeasures,
older drivers rely more on efficient pre-trip strategies like getting enough sleep. It is
suggested that older drivers have learned by experience and that strategies should be
developed to change the behavior of young drivers without exposing them to the
experience of falling asleep at the wheel. Again, pure transmission of knowledge may not
be sufficient and it might be necessary to work on attitudes and behavioral intentions.
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The Traffic Injury Research Foundation conducted a large-scale survey to look at public
attitudes, opinions and practices with regards to driver fatigue (Vanlaar et al., 2008). The
majority of drivers (59.6%) admitted to occasionally driving while fatigued, 14.5% stated
that they had fallen asleep at the wheel at least once in the past year, 0.6% indicated that
they were involved in a crash while they had fallen asleep and 1.3% reported being in a
fatigue-related crash caused by another driver. Since this survey was designed to be
representative of the population in Ontario, an extrapolation of the results suggest that
around 167,000 drivers in the province had a fatigue-related crash in the past year.

The data also indicate that there are discrepancies between perceived efficiency of fatigue
countermeasures and the tactics that drivers report using. As in the Nordbakke and
Sagberg (2007) study, drivers have a fairly good understanding of the relative
effectiveness of countermeasures but they did not report acting on this knowledge. For
example, they ranked “stopping to take a nap” second best countermeasures after
changing drivers, but only 14.8% reported using it in the past 12 months. Again, most
tactics used were inefficient in-transit countermeasures such as opening the windows and
talking to passengers.

Furthermore, the data shows that Ontario drivers recognize that driver fatigue is a serious
risk, but that they are less concerned about it than other road safety issues such as
impaired driving, speeding and distracted driving. The authors conclude that drivers
believe they can control driver fatigue, that they use many strategies to cope with it but
that these tactics are the least effective. There is therefore dissonance between this
perception of control over the situation, the understanding of the efficiency of the
strategies that are being used and the actions that are taken: drivers know fatigue is a
serious problem but they nevertheless try to control it by using strategies that they
perceive as ineffective.

The authors nevertheless recommend increasing public awareness about the problem of
driver fatigue and effective ways to deal with it. However, like in the Nordbakke and
Sagberg (2007) study, the data did show that the knowledge was good but that the actions
taken were inadequate. Again, it seems very likely that other factors than knowledge -
most likely attitudes, social norm and external pressures - might be heavily involved in
predicting behavioral intentions with regards to coping with driver fatigue. These
variables can be investigated under the Theory of Planned Behavior (TPB), which is
briefly presented below, and will be addressed in more debt in the upcoming section on
decision errors.

2.1.1.5.1 Theory of planned behavior

Many hypotheses can be brought forward to explain why drivers keep driving when
feeling fatigued. One of them certainly relates to knowledge. Studies suggest that drivers
might not understand the proximal relationship between feeling drowsy and actually
falling asleep. In other words, they would underestimate the likelihood of falling asleep
when feeling drowsy and would keep on driving, not being conscious of the seriousness
of the situation that they are generating. From this perspective, increasing awareness
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about the suddenness or the unpredictability of microsleep or falling asleep episodes
when one is in a state of drowsiness would be a legitimate strategy, and needs to be
recommended.

It is however also probable that the behavioral intentions of drivers with regards to
managing driver fatigue is related to concepts such as attitudes, subjective norms, or
perceived behavioral control (PBC), which are the main components of the theory of
planned behavior (Ajzen, 1988, see figure 11). In brief, attitudes relate to perceived
consequences of the behavior, subjective norm to the perceived social pressure to engage
in the behavior and PBC to perceived control over the behavior. Understanding which of
these three components predicts the intention, for a specific behavior within a specific
group, provides relevant information as to what should be done to change this behavior.

The TPB has been extensively used in road safety studies and has provided important
information for the development of interventions aimed at changing drivers behavioral
intentions (Beck, 1981; Elliott et Baughan, 2003; Forward, 1997; Grube et Voas, 1996;
Parker et Manstead, 1996; Parker et al., 1992a; Parker et al., 1992b; Parker et al., 1995;
Parker, Lajunen et Stradling, 1998; Marcil, Bergeron et Audet, 2001; Marcil, Audet et
Bergeron, 1999, Rothengatter, 1994; Rutter et al. 1995; West et Hall, 1997, Yagil, 1998,
see Thiffault 2005Db).

Attitude

Subjective . -
- I—) Intention I—) Eehaviour

Perceived
behavioural
control

Figure 11: Theory of planned behavior (Ajzen, 1991)

Poulter et al. (2008) recently used the TPB to gain a better understanding of risky-driving
and behaviors related to vehicle compliance amongst a sample of truck drivers. In brief,
the results indicate that behaviors on the road are driven by attitudes and intentions,
which indicates that drivers are not braking the law by accident but that their behaviors
are rather intended, and therefore predictable. In terms of vehicle compliance, the data
show that these behaviors are related to the PBC component, which suggest that drivers
are non-compliant when they do not feel in control of keeping their vehicle legal. In
terms of interventions, the authors observe that different approaches should be used for
these two categories of behavior. While risky-driving should be addressed by improving
attitudes and intentions, vehicle compliance behavior would benefit from providing
operators with more time, resources and incentives, and changing their awareness of
factors in or out of their control, as well as changing the occupational safety culture of the
company.
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Given what was observed in the above-mentioned studies relating to the discrepancy
between drivers’ knowledge and actions with regards to fatigue management, it would be
pertinent to explore the reasons for the lack of proper action from drowsy drivers in light
of this theory. The TPB could help foster an understanding of whether CMV drivers fail
to act because they do not really appreciate the negative consequences of drowsy driving
(attitudes), because as a group they feel a social pressure to keep driving when they are
experiencing fatigue (subjective norm) or because given the macroergonomics of this
industry, they feel that they are not empowered to stop driving, take a break or nap when
fatigued, as was proposed in the Filiatrault et al. (2002) paper. Such a study would shed
some light on the problem of fatigue-related crashes for CMV drivers and provide
significant direction for interventions.

2.1.1.6 Why are CMYV drivers at risk for driver fatigue?

As pointed out by Williamson and Boufous (2007), CMV drivers have been shown to
have the highest rate of work-related traffic crashes (see also Bunn & Struttman, 2003;
Herbert & Landrignan, 2000; Rossignol & Pineault, 1993). They also observe that fatigue
is a recognised risk factor for crashes and that truck driving is characterized by known
fatigue risk factors. In this regard, the National Transportation Safety Board (NTSB,
1995) estimated that 58% of all single truck crashes are fatigue-related, Bunn et al.
(2005) observed that sleepiness, fatigue and inattention were statistically related to fatal
commercial vehicle crashes and McCartt et al., (2000) found that 47,1% of a sample of
593 CMV drivers reported falling asleep at the wheel in the past, of which 25.4% in the
past year.

Williamson and Boufous (2007) also note that occupational road fatalities have been
empirically distinguished from general road crashes by driver distraction, inattention and
falling asleep (see also Bunn and Struttman, 2003). In fact, studies of professional drivers
have repeatedly shown high levels of self-reported fatigue due to long work hours, long
hours spent on passive monotonous tasks, and irregular schedules (Brown, 1994;
Williamson et al., 2002).

To get a better understanding of the involvement of fatigue in work-related crashes,
Williamson and Boufous (2007) compared data from a workers compensation dataset and
a general road safety crash dataset in New South Whales. Their results show that there
are important similarities between work-related and non work-related fatigue crashes.
Fatigue crashes, whether work-related or not, are more likely to result in fatalities, to
entail higher costs, to involve trucks and to include alcohol and speeding. Furthermore,
within each dataset, fatigue-related crashes were more likely to occur just before dawn
compared to other types of crashes, which, again, confirms the dangers of night driving.

A key statement from Williamson and Boufous (2007) is that, even though fatigue
crashes occur in similar ways regardless of work/non work status, strategies addressing
professional driver fatigue should not be left only to general road safety strategies. As
there is more control in the workplace over some of the fundamental causes of driver
fatigue, work-related fatigue management strategies are more likely to be successful.
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This statement is important. Because of the nature and the complexity of the phenomena,
the prevention of fatigue-related crashes in general is a difficult endeavour. However,
given the potential control over drivers in the motor carrier industry, it is possible to do
more for this segment of the population, which, as it happens, represents a high-risk
group for fatigue crashes.

Several authors have identified specific risk factors that can contribute to fatigue in the
motor carrier industry. Below are key elements described in recent noteworthy papers:

e According to Rogers and Knipling (2007), the most important factors are
recurring lack of sleep in principal sleep periods, extended work and/or
commuting periods, work/sleep periods conflicting with circadian rhythms,
changing, rotating, unpredictable schedules, lack of rest/naps during work, sleep
disruption, inadequate opportunities for exercise, poor diet and environmental
stressors;

e Friswell and Williamson (2008) identified long irregular hours and sleep
restriction caused by round-the-clock schedules for long-haul drivers and high-
pressure work environments and long daily work hours for short-haul drivers;

e Moscovitch et al. (2006) organized fatigue contributors for CMV drivers in terms
of driver, environment and operational risk-factors:

o Driver factors: time-of-day, sleep deprivation/sleep debt, sleep disorders,
sleep hygiene practices, health, lifestyle (e.g. fitness, physical activity, use
of drugs and alcohol), diet, emotional state and domestic factors;

o Environmental factors: weather, road conditions, seasonal variations,
engineering/ergonomics (including vibration, thermal environment, cab
design, sleeper berth design, etc.);

o Operational factors: HOS, Owner/Operator issues and contracting,
loading/unloading practices, dispatching practices, rest areas, sleeper berth
regulations and corporate culture;

e Moscovitch et al. (2006) also note that little can be done about environmental
factors but that driver and operational factors can be changed trough educational
and training modules targeted at key stakeholders in the industry (drivers,
dispatchers, managers, driver families and shippers) which, together with sleep
apnea screening and treatment, should form the nucleus of comprehensive FMPs
for motor carriers;

e In their review of the literature, Gander et al. (2006) documented the impacts of
extended wakefulness, acute sleep loss, sleep dept, sleep disorders and circadian
low points on CMV drivers’ fatigue;

e According to Otmani et al. (2005), time-on-task and time-of-day are the main
fatigue contributors for CMV drivers. However, they also observed that age was a
factor as younger CMV drivers were more fatigued than older ones in low traffic
monotonous conditions. Individual differences in the sensitivity to road
monotony, which has been linked to sensation seeking (Thiffault & Bergeron,
2003b) represents a relevant hypothesis, since levels of sensation seeking are at
their highest for young drivers and decrease with age;
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e Looking at the specific situation of fatigue in the motorcoach industry, Krueger et
al. (2005) identified constant contact with passengers contributing additional
sources of stress, multiple role of the driver, extended workdays and inverted
duty/sleep cycles, absence of berths, as well as high work-demands reducing the
opportunity for extended rest periods (see also Crum et al., 2002, Brock et al.,
2005);

e For Morrow and Crum (2004), the fatigue risk factors in this industry are work
overload (time-on-task), schedule irregularity, disturbance in sleep patterns,
insufficient recovery, macroergonomics and non-driving duty tasks;

e Filiatrault et al. (2002) reviewed studies showing impacts of sleep restriction,
sleep fragmentation (sleep quantity and quality negatively impacted by work
demands, family obligations, personal life, medication), irregular sleep periods,
sleep apnea, excessive noise and concerns about own safety;

e McCartt et al. (2000) cited studies looking at the effects of schedules, monotony
and repetiveness of the driving task, high levels of exposure with irregular hours,
limited opportunities to obtain sufficient restorative sleep resulting in sleep dept,
unhealthy lifestyles, lack of exercise and improper diet;

e For Boivin (2000), fatigue risk-factors in the trucking industry are: reduced
amount of sleep, split sleep patterns, schedule irregularity, use of sleeper berths,
inverted duty/sleep periods, long hours awake, low sleep duration, sedating drugs,
sleep disorders, non-driving on-duty tasks and time-of-day, which would be the
strongest consistent predictor.

Filiatrault et al. (2002) recognized other high-level characteristics of the motor carrier
industry that are likely to contribute to fatigue-related crashes. In brief, they observe that
the competitive nature of surface transportation poses a unique challenge to CMV
drivers, compared with other road users, in that they continually have to balance the need
for rest with perceived or real consequences that could arise should they fail to maintain
externally imposed schedule demands (see also McCartt et al., 1997; Hanowsky et al.,
1998 and Abrams et al., 1997).

This statement is interesting as it explains how a competitive working context globally
structured around economic considerations can condition drivers’ reactions to perceived
decreases in alertness. Because of the nature of this industry, drivers may resist (even
more than light-vehicle drivers do) to engage in fatigue countermeasures if these could
delay the delivery of goods: (...) in this environment, commercial drivers may not feel
they are adequately empowered to stop and rest when the onset of sleep develops.

Filiatrault et al. (2002) indeed observed a correlation between sleep quality and
preference given by subject, when fatigued, to elect whether to rest or comply with real
or perceived duty to maintain schedule demands. Precisely, sleep quality was poorer for
subjects who were work-demand oriented when they felt fatigued. This, in turn, should
logically have a negative impact on road safety and on public health. Fatigued drivers
also represent increased costs for carriers because of the financial impacts of safety
incidents and crashes.
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In this line of thought, Rogers and Knipling (2007) promote a macroergonomic
perspective of the motor carrier industry (see also Hendrick and Kleiner, 2001) in which
economic, organizational and regulatory (e.g. dispatch, schedules, pay method, HOS)
issues are integrated with driver factors (attitudes, motivation, behaviors) in a systemic
analysis of motor carrier safety. Such a perspective enables a comprehensive
understanding of this complex system that has significant impacts on public health
through road crashes. It is also efficient for generating new global approaches to safety
such as Safety Management Systems (SMS), or Behavior Base Safety (BBS), two
approaches that aim to generate positive changes in safety-related behaviors by
modifying the safety culture, both at the organizational and individual, driver level: (...)
the purpose of macroergonomic assessment is to enhance carrier and driver safety
motivation, practices and outcomes by helping to develop systematic top-down,
harmonized approaches to motor carrier organizational and work systems design.

2.1.2 Fatigue countermeasures and research needs

The general causes of diver fatigue were identified above. Studies basically show that
time-of-day, time-on-task, time-awake, acute and cumulative sleep loss, sleep apnea,
monotonous driving conditions as well as the macroergonomics of the industry all
contribute to the fatigue phenomenon for CMV drivers. Further examination of specific
risk factors in the motor carrier industry provided more precise considerations with
regards to these broad fatigue contributors. With the causes now identified and
confirmed, the next step is to address approaches for countermeasures. Below are sets of
recommendations stemming from key publications on the issue.

2.1.2.1 National Transport Safety Board (1995)

The NTSB conducted a study entitled Factors that influence fatigue in heavy truck
accidents. Further to this study, the NTSB formulated the following recommendations:

e Require sufficient rest provisions to enable drivers to obtain 8 continuous hours
of sleep after driving for 10 hours and being on duty for a maximum of 15 hours;

e Eliminate HOS provision which allowed drivers with sleeper berth to cumulate
the 8 hours off duty in two separate periods;

e Examine pay compensation scheme to determine any effects on HOS violations,
fatigue and crashes;

e Complete rulemaking to prohibit employers, shippers, receivers, brokers or
drivers from accepting or scheduling shipments that would require drivers to
exceed HOS regulations (related to the chain of responsibility concept);

e Develop training and education module to inform truck drivers about hazards of
driver fatigue (similar to what may achieved with FMPs);

e Industry associations should urge members to incorporate latest research on
fatigue in scheduling practices, particularly as it pertains to the need of 8 hours of
continuous sleep;

e Mandate automated tamper-proof electronic on-board recorder devices (EOBRs)
to identify truck drivers who exceed hours-of-service regulations.
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2.1.2.2 Boivin (2000)

In the report Best practices compendium of fatigue in transport operations, Boivin (2000)
makes the following recommendations for the trucking industry:

¢ Implement FMPs oriented towards education;

e Provide incentives for accident free performance;

e Screen sleep disorders;

e Promote strategies to increase alertness (proactive and reactive napping,
caffeine);

e Consider strategies to increase stimulation, although they have a short, limited
impact and further validation research is needed. These could include light
physical activity, uncomfortable sitting position, noise, interactions with
workmate, cold air, sugar and increased lighting;

e Reorganize work schedules (limit night driving, minimum of two full night of
sleep after extended driving period, develop work schedules closer to the
natural circadian sleep/wake cycle, restrict driving time to 12 hours, protect rest
and break periods — maximum of 5 hours of driving before a 30 min. break,
minimum of 9 hours between two consecutive shifts);

e Improve cabin environment and sleeping facilities;

e Implement technological devices that can be used as alertometers and/or warn
drivers when reaching low levels of alertness (rumble strips, SNAP - Sonic Nap
Alert Program, in-cab alertness detection technologies, PERCLOS and other
eye closure measures, lane-keeping measures of performance, PVT -
Psychomotor Vigilance Test);

e Fitness for duty/readiness to perform testing;

e Fatigue management algorithms based on actigraphy technology and
biomathematical modeling;

e ITS in-vehicle driver monitoring coupled with intervention algorithms
(advisory messages and/or alerting stimulus).

2.1.2.3 Rogers and Knipling (2007)

In the report Domain of Truck and Bus Safety Research, Rogers and Knipling (2007)
provide a list of research leads relevant to fatigue countermeasures:

e Post-implementation evaluation of new HOS regimes in U.S. and Canada:

o Determine benefice of extended 10 hours off-duty period;

o Determine impacts of driving time increase from 10 to 11 hours;

o Study relationships between sleep (consolidated and naps), time-of-day
and work schedules;

o Determine sufficiency of restart period (34 in the U.S., 36 in Canada);

Determine optimal berth off-duty splitting scenarios;

o Global evaluation of new HOS rules to demonstrate net benefice
compared to older rule.

(@]
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e Validate on-board alertness and performance monitoring;

e Study effects of night driving schedules, develop test to identify persons
more suited for night driving;

e Study effects of naps and rest breaks;

e Study individual differences with regard to fatigue and circadian variations
of alertness;

e Study individual differences in fatigue susceptibly, develop ways to
identify high-risk individuals;

e Develop fatigue management strategies in the context of compliance with
HOS as well as proactive strategies that go beyond (toolbox to improve
CMV driver fatigue management);

e Demonstrate efficiency/relevance of driver training and driver training
options — also with regards to fatigue self management;

e Study the impacts of the macroergonomics of the industry and the potential
benefits of safety culture changes as it pertains to safety-related attitudes
and motivations.

2.1.2.4 Smiley (2008)

In the proceedings of the Working together to understand driver fatigue symposium,
Smiley (2008) observed that pre-planned countermeasures (taken before driving) are
more efficient than post-driving countermeasures (taken en route). She suggested the
following regarding pre-planning strategies:

Time-of-day (night driving and night shifts) is a demonstrated risk factor. In the
Stutts et al. (1999) study, drivers of night shifts were six times more likely to be
involved in a fatigue-related crash than any other type of crash. Commercial
drivers should therefore be especially conscious of the risk and they should plan
accordingly;

Sleep quantity and quality are very important, thus drivers should always maintain
sufficient core sleep periods. In a NTSB study, commercial drivers involved in a
fatigue crash had on average 5.5 hours of sleep and for those crashes where
fatigue was not a factor, the sleep average was 8 hours. It is clear that commercial
drivers should always plan to have sufficient core sleep period, this is probably
the more important principle of fatigue management;

Shift-workers (split shifts, night shifts, rotating shifts) are at risk. Smiley observes
that north-American shifts in the motor carrier industry are very inappropriate and
should be redesigned. She also pointed out that shift workers should never have to
do overtime because they can hardly cope with the stress of shift-work. It is
moreover suggested that redesigning schedule practices would require the
involvement of employers;

Treatment for sleep apnea is highly recommended;

Drivers that need to use medications with sedative side-effects should be very
conscious about timing issues, since lengthy hangover periods may be present,
even if driver feel the drug should have worn off.
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With regards to post-driving interventions:

Caffeine can have a positive effect for 1 to 1.5 hours after consumption;
Rest breaks and naps are effective but they do not replace core sleep.

Regarding highway designs and technology:

Secure, frequent rest areas are needed;

Roads with rumble strips have 18 to 21% less single-vehicle crashes, the cost-
benefit ratio is therefore very positive. Similarly, center-line rumble strips reduce
head-on crashes by 25%;

Clear zone improvements (clearing up the roadside, creating transversal slopes)
reduces injuries should a driver leave the road;

ITS fatigue-management technology may be the way of the future. However, as
noted by Smiley, their effectiveness is still in doubt; drivers are warned, but what
they decide to do with the signal is still up to them.

Finally, Smiley notes that public education is essential. Drivers need to be convinced
foremost that pre-planning is the most effective way to avoid fatigue-related crashes.
Some post-driving countermeasures to address existing fatigue are also effective, but with
clear limitations that need to be understood by both the public and professional drivers.

2.1.2.5 Hours of service

Table 16 lists main fatigue causes and risk factors in the motor carrier industry. Looking
at this table, it is clear that HOS rules can have a positive impact on most of these causes
and risk factors, but not all of them. HOS can impact on time-on-task, time-awake, acute
and cumulative sleep loss. In fact, the new US and Canadian HOS rules are based on core
sleep science principles (see Rosekind 2005 for a review). In brief:

Human operators need at least 8 hours of continuous sleep every day, before
starting a new shift: Canadian rules provide drivers with 10 hours off duty in any
24-hour work period, 8 of which have to be consecutive. This provision should
address the problem of acute sleep loss, and therefore prevent cumulative sleep
loss from occurring over a cycle. By combining two sets of shift and day
requirements, the Canadian rule also limits phase shifting and promotes more
circadian stability within a cycle;

Napping is a key component of fatigue management: Canadian HOS rules
provide drivers with a supplement of two hours daily to take beaks and nap;

Two consecutive sleep periods can erase sleep debt: This is the main reason
behind the HOS provision for a mandatory 36-hours restart after a duty cycle;
Extending continuous hours awake to more than 16 hours can significantly
impact on performance: The Canadian HOS rules limiting duty time to 14 hours
(13 driving, 1 on-duty not driving) within a 16-hour window is a step in trying to
limit the effects of extended wakefulness on driving performance.
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Table 16: Fatigue causes and CMYV risk factors

Main fatigue causes

CMYV risk factors

Time-of-day Night driving, rotating schedules, phase shifting
Time-on-task Long driving time
Time-awake Long driving time, on-duty non-driving tasks, commuting

Acute sleep loss

Not enough sleep in core sleep period

Cumulative sleep loss

Accumulating acute sleep loss over cycle

Sleep apnea

Gender, age, obesity

Monotonous, repetitive,
low-demanding task

Long driving time on highways, in low-demanding task conditions, night
driving

Discrepancies knowledge-
behavior

Impacts of macroergonomic on attitude, motivations and self-management
of alertness, needs to be assessed further

It is important to note that HOS rules provide a necessary regulatory framework that sets
boundaries to ensure that CMV drivers do not operate against essential sleep science
principles and that they have, on a daily basis, enough time to get sufficient consolidated
sleep as well as napping opportunities. HOS rules however have clear limitations that
have to be understood and acknowledged by industry and government stakeholders.
As such, it needs to be made clear that HOS rules only represent one component of
fatigue management (the regulatory approach) and that it is necessary to complement
them with other types of interventions. The following points are examples of HOS
limitations that clearly justify the need for a more comprehensive strategy:

e HOS rules do not address the time-of-day effect, which is the more powerful of

the fatigue contributors. More precisely, HOS rules in Canada and in the U.S. do
not bring any solution to the problem of night driving. As noted earlier, attempts
to integrate circadian considerations in scheduling practices would be extremely
difficult (Rosekind, 2005) and this problem needs to be addressed by other means;
HOS rules are meant to prescribe legal limits to driving and on-duty time, they do
not represent optimal scheduling practices. The macroergonomics of the motor
carrier industry may however pressure companies and drivers to constantly
operate at these maximal limits, which is naturally not the ideal scenario. There is
therefore a need to analyze the macroergonomics of the industry in order to get a
better understanding of the pressures that lead carriers and drivers to chronically
maximize driving time. Once this is better understood, sound comprehensive
fatigue management strategies should be deployed to complement HOS rules. In
this regard, carrier-based FMPs could be instrumental in changing companies’
safety cultures as it pertains to driver fatigue;

HOS rules do nothing to motivate drivers to be proactive in the self-management
of alertness (pre-planning strategies) and they do nothing to motivate drivers to
stop driving and take a nap when experiencing fatigue (post-driving strategies).
They provide the possibilities to do this, but this is not sufficient. Self-
management of alertness is a complex process modulated by motivations,
attitudes and external pressures. Interventions at these levels are therefore needed
to compliment HOS rules;

In theory HOS rules provide drivers with sufficient opportunities for core sleep
and naps. However, what drivers do in their off-duty time and how much quality
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sleep they really get is outside the scope of HOS. Since this is the most important
component of fatigue management and since it has a significant impact on road
safety, it should be addressed by other means aimed at educating drivers and their
families as well as changing their attitudes and motivations towards sleep;

It is impossible to address individual differences in fatigue vulnerability with
HOS rules. It is however the same with other road safety regulatory frameworks.
Even though there are large differences in most of the factors that influence
driving performance (vision, psychomotor coordination, reaction time, risk-taking
tendencies, etc.) drivers need to abide by a single set of rules and additional
interventions can be put forward to address the variability of the population. A
similar comprehensive approach is needed for the management of driver fatigue;
HOS rules need to be enforced to be effective. In Canada, the limits to driving and
on-duty time currently prescribed are really not on the conservative end of the
continuum. Not respecting these limits certainly represents a risk for the safety of
road users. Since there are numerous accounts of logbook falsification in the
industry, tamper-proof EOBRs need to be implemented to enforce these rules.

The following conclusions can be drafted with regards to HOS rules:

HOS rules are necessary but they are far from perfect, nor sufficient. They need to
be part of a more comprehensive fatigue management strategy that should be
recognised and endorsed by industry and governments;

HOS rules should be enforced with tamper-proof equipment such as EOBRs;

The impacts of the new HOS rules in Canada need to be evaluated.

2.1.2.6 Fatigue Management Programs

Transport Canada is focusing on FMPs in all modes of transportation (road, air, rail and
marine). FMPs are used throughout Canadian transportation sectors to complement HOS
rules. Note that the nature of the mix between prescriptive HOS rules and non-
prescriptive FMPs depends on the nature of each transportation sector.

Speaking at the 2005 International Truck and Bus Safety and Security Symposium, Derek
Sweet (then Director General of TC’s Road Safety Directorate) stated the following:

Fatigue-oriented regulations range from more to less prescriptive;

FMPs bring flexibility and a comprehensive approach to fatigue while the
legislation of hours of service brings much-needed boundaries in witch operators,
unions and the industry need to find balance;

These orientations are not exclusive but rather complimentary and the perfect
formula depends on the context;

For example, more structured and less fatigue-sensible sectors like railway
operations may benefit from the flexibility of FMPs to a greater extend than the
trucking industry, which is more fatigue-sensible and complex, and where a more
prescriptive approach is therefore needed;
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e However, in all cases, the key to success is likely to reside in an eclectic blend of
rules complemented by flexible FMPs;

e As a good example, in the north-American trucking industry, clear sets of rules
regulate hours of service while a strong complementary FMP approach is
currently being developed under the North American Fatigue Management
Program (NAFMP) that will complement these rules.

In this last point Derek Sweet was referring to the program that was recently developed in
a joint Canada-U.S. effort. A pilot study was recently conducted in three different
jurisdictions to evaluate the impacts of the initiative. In brief, as stated in a news release
prepared by Transport Canada’s Transportation Development Center (TDC), the NAFMP
has been developed to provide Canadian and American motor carrier companies and their
drivers with information and tools to enhance their current fatigue management practices.
The program provides a framework for driver training and education on fatigue
management, work and rest practices, and sleep disorder screening and treatment. It aims
to enhance existing safety culture within the industry, reduce fatigue-related incidents,
and decrease personal and economic costs of fatigue-related incidents to drivers,
companies, workers' compensation programs, and insurance companies (TDC, 2007).

The pilot study (phase 3) aimed at implementing a comprehensive FMP protocol on
carriers in Quebec (29 drivers completed study), California (25 drivers completed study)
and Alberta (23 drivers completed study) and to assess its impacts on a wide range of
driver measures (sleep-wake log, actigraphy, mood/fatigue assessment, workload
assessment, critical incidents, factors contributing to fatigue, Psychomotor Vigilance Test
- PVT) as well as on corporate measures (crashes, violations, absent days, total driving
time, total waiting time during duty, total rest time, distances traveled, panic brake,
excessive speed, workers compensation data, black box data, insurance claims and sleep
apnea claims). Below is high-level summary of the results, which are presented at length
in the Smiley et al. (2011) report. For the sake of this review, the hypotheses of the study
are identified and the main results for each are simply listed.

Hypothesis 1: FMP will improve drivers’ awareness of good sleep practices
resulting in increased sleep time and quality.

The analyses comparing post-FMP to pre-FMP indicate that reported sleep quality
improved on duty days. Furthermore, for the main sleep period:

e Sleep duration increased by 20 min;

e Sleep duration and efficiency improved compared to rest days;

e There was an increase in the percentage of drivers reporting more than six hours
of sleep before their shift;

e More drivers defined themselves as “night drivers” (unexpected) but the
proportion of night driving hours remained unchanged.
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Hypothesis 2: FMP will reduce subjective fatigue, improve psychomotor
performance, and reduce critical events (near accidents) during
duty days

The analyses comparing post-FMP to pre-FMP indicate the following:

e There was trend showing less fatigue reported;
e The proportion of drivers reporting safety critical events was reduced

from 46% to 29%:;
e Overall the proportion of the number of safety critical events by km travelled was
reduced by 40%;
® With regards to the PVT, there was an unexpected increase in minor lapses at end
of the day.
Hypothesis 3: Sleep disorder screening and treatment is feasible and will reduce

fatigue and improve sleep for affected drivers.
The analyses comparing post-FMP to pre-FMP indicate the following:

®  71% of drivers were diagnosed with sleep apnea (OSA) based on home recorders
and physician visits;

e Drivers in the severe OSA group were more likely to report a critical event pre
FMP, however, this Severe OSA group showed greater reduction in critical events
post FMP than other OSA groups.

e On rest days, CPAP (Continuous Positive Airway Pressure) adherent group had
better PVT performance

® The no-CPAP group & no-OSA group reported more sleep time in a 24-hr period.

Hypothesis 4: FMP will improve corporate measures & fatigue management
practices in the company (Alertness Management Strategies
Evaluation).

The analyses comparing post-FMP to pre-FMP indicate the following:

There were improvements in education, alertness strategies and healthy sleep;
There were more night drivers but same night driving overall;

There were reductions in crashes and infractions;

There was a trend showing reduced sick days at Quebec site.

Overall:

¢ On duty days FMP lead to more sleep during the main sleep period, improved
sleep quality, less reported fatigue, fewer reported critical events but more PVT
minor lapses;

e Drivers with more severe sleep apnea reported more critical events pre FMP and
had greater reductions post vs. pre FMP;
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e For drivers diagnosed with sleep apnea and who were adherent to CPAP
treatment, FMP lead to better PVT performance (reaction time, minor lapses) but
only on rest days;

e Drivers in No CPAP group & OSA group reported more sleep time in a 24-hr
period but there were no difference in the other CPAP or OSA groups;

e At the company level, FMP lead to improved knowledge, perceived effort and
better experience regarding fatigue management and, in Quebec, to a reduction in
crashes & convictions as well as and trend towards reduced sick days.

Conclusion:

e A comprehensive FMP approach at the company and industry level is a promising
approach for a long-term reduction in fatigue;

e Such systematic interventions can allow the identification of obstacles and
solutions, thereby leading to cultural changes that will allow all players,
especially individual drivers, to put in place effective fatigue countermeasures.

Phase IV:

The research team just triggered the last phase of the project, which is to develop further
the FMP material in order to make it available for the industry on a web-based platform.
The program is expected to be available to carriers that want to adopt it on a voluntary
basis by the end of 2011. It should include the following elements:

e Modular performance-based training materials;

e Scheduling guide for dispatch;

e Technology use information and guidelines;

e Medical guidelines (screening, lab, intervention, company rule/driver,
protocol/process);

e Scientifically developed recovery and napping strategies (considering individual
differences as well as day/night driving);

e Corporate culture support;

e Certification / accreditation schemes.

Based on what was said about the limitations HOS rules, and considering the results of
the pilot study, it is legitimate to suggest that industry and governments in Canada should
push for the voluntary use of FMPs that will complement prescriptive HOS rules. It is
suggested that stakeholders develop creative incentive to promote this approach within
the industry. However, given the nature of the trucking industry (complexity,
unpredictability, competitive, economic and societal pressure) and the fact that Canadian
HOS rules are already allowing long driving time, it does not appear legitimate -
scientifically speaking - to consider extending driving time further for companies that
would use a certified FMP. In any event, suggestions to promote HOS flexibility for
companies using FMPs should be based on a strong safety case, with a clear
demonstration that any such initiative would make the roads safer and promote public
health.
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2.1.2.7 Scientifically-sound napping strategies

As was shown in the above sections, sleep is the best remedy for fatigue. Whereas
sufficient core sleep periods are paramount to generate a solid alertness base level,
napping strategies also represent a vital approach to fatigue management in
transportation. Naps can be planned according to different day or night driving schedules
(proactive napping) or they can be used to remediate the effects of fatigue when
experienced by the driver (reactive napping).

Since 2001, Transport Canada’s Transportation Development Centre and the FMCSA
have joined efforts in a scientific examination of napping strategies for commercial
vehicle drivers. The objective of the overall research program is to develop scientifically
sound napping guidelines that reflect the needs of the motor carrier industry.

So far, Transport Canada and the FMCSA have completed a detailed review of existing
napping protocols and practices within and outside the motor carrier industry. This has
included a review of different factors in the recovery of fatigue such as irregular shifts,
night driving, daytime sleeping, periods of recovery (during the week and weekends), and
the differences between individual drivers when recovering from fatigue. In addition, 150
long-haul drivers in Québec, Ontario and Alberta were asked to complete a survey on
fatigue-related matters, followed by a workshop with various experts and industry
stakeholders.

In the current phase of the program, a research team is developing scientifically sound
napping strategies on the basis of a validated biomathematical model and testing these
strategies on a sample of 80 commercial vehicle drivers, gathering data during both real
and simulated truck driving tasks. The results of this study, conducted by IBR consulting
(Mallis et al.) should be made available in 2011. Globally, the objectives of there study
are the following:

e Improve highway safety and driver well being;

e Maximize the potential for schedule flexibility to better accommodate operational
and driver needs;

¢ Provide improved means for rapid and safe recovery from fatigue in the event of
unforeseen schedule variations, all within the confines of obtaining sufficient
recovery sleep to ensure safe performance in the driving task;

e Develop “recommended approach and guidelines” for optimal napping and
recovery sleep strategies for CMV drivers.

Once the study is completed, the guidelines will be finalized and incorporated in a
manual of best practices under the NAFMP, together with other innovative tools such as
education and training materials, work practices, sleep disorder screening and treatment
guidelines, and applicable policies and procedures.
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2.1.2.8 Fatigue detection technologies

As stated by Boivin (2000), Rogers and Knipling (2007) as well as Smiley (2008) and
Balkin et al. (2011), on-board fatigue monitoring systems are likely the way of the future.
There are currently a multitude of systems under development and validation and it
appears that progress is being made very fast in this area. Satisfactory systems should be
available in the short term.

For example, a large carrier in Canada is currently testing, on a significant scale, a system
that is able to generate warnings very early in the development of fatigue. The system
detects early signs of hypovigilance and as such could be a useful tool to address the
inattention component of the driver fatigue problem, which would be highly beneficial.
Such a system would enable drivers to act early in the development of fatigue and
therefore prevent further sliding on the alertness continuum by making use of proper
countermeasures.

Apart from ongoing validation studies, other aspects that need to be considered are (1)
user acceptance, (2) drivers’ reaction s when hypovigilance and fatigue are detected as
well as (3) potential adverse effects of the technology. In brief, if the technology is not
well accepted by drivers, they might not be receptive to the signal delivered, which would
prevent safety benefits. It has also been suggested that drivers are already astute in
monitoring their level of alertness, but that they simply do not act when fatigue is
experienced. It is therefore entirely possible that they would similarly not act when
delivered a warning signal from a device. This phenomenon relates to concepts such as
attitudes and motivation rather than knowledge or sensitivity to fatigue signals. It is also
possible that drivers would be less motivated to engage in pre-planning countermeasures
given the fact they will benefit from a system that will warn them if they are tired.

It appears legitimate to suggest that these issues should be addressed trough research
before this technology is used on a large scale. Such research would for example enable
the development of specific motivational or attitude changing interventions that could
accompany the introduction of these technologies. At the very least, they could provide
effective guidelines as to how these devices should be implemented within fleets of
professional drivers. Overall, while further validation studies need to be conducted and
published, it is clear that if such studies were done and if the results were satisfactory, the
use of fatigue detection technology would need to be heavily promoted.

2.1.2.9 Changing attitudes towards fatigue

As was shown in the section on subjective fatigue, attitudes, knowledge and behavior,
even though drivers can feel decreases in alertness, are aware that driver fatigue is a
significant road safety issue and understand the effectiveness of different fatigue
countermeasures, a majority of them continue driving when feeling drowsy and persist in
using countermeasures that they know are ineffective. There is a need to investigate
further the reasons for these discrepancies between knowledge and actions and especially
in the context of CMV drivers, which has never been done.
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As mentioned, such an investigation could be conducted by focusing on the components
of the Theory of Planned Behavior. It is a rather straightforward methodology that
involves administering questionnaires to a representative sample of CMV drivers. It is
therefore suggested that a research aimed at studying CMV drivers’ knowledge, attitudes
and intentions with regards to drowsy driving be conducted. This study would provide
much needed data to help identify proper targets for interventions and it would be
particularly precious for the development of interventions addressing safety culture, such
as fatigue management programs.

2.1.2.10 Promote pre-trip vs. in-transit countermeasures

Smiley (2008) made an excellent point when suggesting that pre-trip countermeasures,
aimed principally at organizing duty and off-duty time in order to get sufficient core
sleep, were a lot more effective than in-transit countermeasures. This statement is clearly
backed-up by the science. Apart from taking a nap, or, to a lesser extent, drinking coffee,
in-transit countermeasures have limited efficiency. This very simple and strong message
should be heavily promoted to drivers, together with the importance of self-management
of alertness, by means of educational programs such as FMPs. Again, it might be
important to investigate commercial drivers’ attitudes toward both classes of
countermeasures in order to facilitate the shift towards the pre-trip approach.

2.1.2.11 Rest areas

Most of the recommendations aimed CMV drivers suggest that they get more sleep,
either through longer consolidated sleep periods or naps. The new HOS rules in Canada
have increased the opportunity to rest from 8 to 10 hours daily, which represents a 25 %
improvement. Therefore, if fatigue countermeasures are to be efficient, there should be an
increase in the use of rest areas along highways. There are however many issues with rest
areas in Canada:

e Currently, there appears to be a shortage of available secure rest areas and parking
spaces for CMV drivers;

e Privately owned areas often have time limits and charge a fee;

e There are safety concerns because commercial vehicle are often parked on the
roadside or the entrance and exit ramps of rest areas, since there is a lack of
designated parking spots for them,;

e There is an increase in recreational vehicles and campers competing with heavy
trucks for available parking spaces;

e Apart from lighting guidelines, there are no national design, singing, and
pavement marking standards for rest areas;

e Most rest areas, which were installed years ago, did not take into consideration
the increased length of commercial vehicles in Canada;

e One can therefore question whether the number and adequacy of rest areas along
Canadian roads have been keeping up with the increasing commercial vehicle
demand and regulatory requirements.
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Transport Canada is conducting a study aimed at assessing the adequacy of Canadian rest
areas with regards to the needs of the trucking industry. Phase 1 of the project is to gain
knowledge of the processes used in the US to address and identify the needs of the motor
carrier industry, conduct a review of rest areas in Canada and their amenities, and
develop a database inventory of rest areas. Because of the significant relevance of this
research program, it is suggested that the Human Factors and Motor Carrier Safety Task
Force remain close to this project and factor in the results as they become available.

2.1.2.12 Rumble strips

According to Smiley (2008), roads with shoulder rumble strips have 18-21% less single
vehicle crashes and this number increases to 25 % for head-on crashes on roads with
center-line rumble strips, which represents a very high cost/benefit ratio. The Noyce and
Elango (2004) study also found positive safety impacts for centerline rumble strips. As
indicated by these authors, centerline rumble strips were found to be effective at gaining
drivers’ attention, and therefore can be seen as an effective traffic control device and
safety countermeasure. The issue of centerline and shoulder rumble strips in Canada
should therefore be investigated further, most likely by means of cost/benefit analysis.

2.1.2.13 Individual differences

There is a need to investigate further the individual predictors of driver fatigue. As was
mentioned earlier, the sleep research field is currently involved in studying
neurobiological predictors of endogenous fatigue such as vulnerability to sleep loss. It is
important to note that the joint TC/FMCSA napping study that was recently launched will
also investigate these issues. It is therefore important to emphasize that the task force
should also stay close to this project and factors-in the results as they become available.

Researchers are also currently investigating individual differences with regards to task-
induced fatigue and monotony. This approach is a complement to the investigation of
individual differences with regards to endogenous fatigue. Overall, there is need to
monitor these research areas and to consider the results as they become available.
Reliable predictors of driver fatigue would be relevant in terms of driver testing and they
could have significant implication for different classes of fatigue countermeasures.

2.1.2.14 Sleep apnea

Given the importance of sleep apnea as a fatigue predictor and given its high prevalence
in the motor carrier industry, it is clear that something needs to be done about this
problem. In the best scenario, commercial drivers would be screened for sleep apnea and
treated. This is however a complex problem that should be handled carefully. For
example, there are issues with screening procedures since proper screening needs to be
done in a sleep lab. Nevertheless Gurubhagavatula et al. (2008) suggested a cost
beneficial approach that involves pre-screening drivers by body mass index, age and
gender and only selectively conducting in-lab polysomnography for high-risk drivers.
Such an approach could be considered on a large-scale.
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There are also issues with regards to treatment. In order to be cost effective the approach
mentioned above necessitates that at least 74% of drivers with a positive sleep apnea
diagnosis accept treatment. Given the intrusive nature of CPAP, the authors have
suggested that accepting treatment should be a condition of employment. The reactions of
the industry to such a proposition, as well as the logistics of large-scale treatment for
CMV drivers, are sensitive issues that need to be investigated systematically.

Another element to consider on this issue is that the NAFMP has screening and treatment
for sleep apnea as one of its core components. However, this a voluntary approach to the
problem. This, in turn needs to be analyzed in light of the policy positions that will be
developed by the new CCMTA OSA working group. Note that the group is expected to
develop a draft modified medical standard that will include OSA by the fall of 2010.

2.1.2.15 Macroergonomics of the motor carrier industry

As described earlier, there is a discrepancy between drivers’ knowledge and their actions
when it comes to self-management of alertness. One of the reasons for this discrepancy
undoubtedly has to do with how the macroergonomics of the motor carrier industry shape
drivers motivations and attitudes. The principle of paying drivers by the mile, for
example, cannot be a positive thing for fatigue management. It would appear gratuitous
or premature to formulate specific recommendations about these issues without entering
into a formal in-depth investigation. Given the importance of the problem, it is necessary
that such an investigation take place. Note that this relates is also related to the safety
culture research trend.

2.1.3 Driver distraction

Distraction represents the other main cause of recognition errors. Like fatigue, the
concept is complex and difficult to define and measure. However, contrary to fatigue, the
focus in this field is largely oriented towards general road users and very little research
has been conducted pertaining to the motor carrier industry (Salmon et al, 2008 & Perrin
et al. 2008). The following sections will define the distraction concept, present some
prevalence data, discuss the situation for the motor carrier industry and articulate
recommendations for mitigating actions as well as relevant R&D leads.

2.1.3.1 Distraction: prevalence, definition and basic principles

The distinction was made earlier, but it needs to be repeated here: distraction is not
fatigue. While fatigue encompasses attention difficulties caused by lowered brain
alertness, distraction is related to difficulties caused by the division of attention under a
dual or multiple-task paradigm. The result — inattention - may be somewhat similar, but
the problem is different and calls for different interventions. However, since both do
relate to inattention, there are interactions between fatigue and distraction that also need
to be detailed (Williamson, 2008).
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Similar to the fatigue concept, there have been significant debates over the definition of
driver distraction (see Lee et al., 2008). It has been suggested that the lack of a widely
accepted definition is partly responsible for measurement problems and inconsistent
prevalence data, which in turn have prevented road safety practitioners from justifying
the allocation of sufficient resources to efficiently address the problem (Regan, Young
and Lee, 2008b). The resolution of the definition problem is therefore seen as a capital
first step. It is understood that resolving these conceptual issues would generate a chain
reaction that could lead the way to better prevalence data, better social awareness,
resource mobilization and eventually efficient interventions.

Two benchmark definitions have been formulated recently. In 2006, a significant
conference took place in Toronto to go over the main aspects of the driver distraction
problem, including conceptual issues. In a published summary of this conference,
Hedlund et al. (2006) defined distraction as: a diversion of attention from driving,
because the driver is temporarily focusing on an object, person, task, or event not related
to driving, which reduces the driver’s awareness, decision-making, and/or performance,
leading to an increased risk of corrective actions, near-crashes, or crashes. More
recently, in the book entitled Distraction: Theory, Effects and Mitigation, Lee et al.
(2008) suggested that driver distraction could simply be defined as a diversion of
attention away from activities critical for safe driving toward a competing activity. This
last definition is the one that will be adopted in the current review.

On the basis of this definition, Gordon (2008) observes that distraction is acknowledged
in 10 to 12% of crashes in traditional databases, recognizing however that this is probably
an understatement, given the difficulties of assessing the role of distraction in crashes
through police reports. According to Llenaras (2000) and Minter (2000) the incidence of
distraction in crashes is likely in the 20-25% range. Wang et al. (1996) estimated that
global inattention is a contributor in 26% of crashes, half of which would be explained by
distraction. Using the more thorough behavioral analyses methodology of naturalistic
studies, Klauer et al. (2006) found that distraction associated with secondary activities
was involved in 23% of crashes in the 100-car study.

2.1.3.1.1 Attention as a single channel process

Central to the above-mentioned definitions is the fact that attention works on a single
channel basis and that it is a limited resource. Simply put, attention can be compared to a
beam of light; the information present in the light is actively processed and the rest is
generally ignored. The idea that a person can do two things at the same time therefore
refers to attention swapping, whereby the operator rapidly displaces attention from one
source to the other and uses working memory to maintain control over both tasks. Note
that the operator usually has control over where attention is directed, however this is not
necessarily the case. Attention can also be taken away from the main task by competing
subtask or specific characteristics of a driving situation (i.e. incoming communication,
salient external stimulation, publicity, etc.). Furthermore, it has to be underlined that the
act of resisting those external attentional demands and maintaining attention focused on
critical driving tasks in the presence of significant non-task stimulation is an effort that
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can lead to stress, fatigue and performance decrement. Therefore, in an unpredictable
context such as contemporary fast-paced busy road networks, the more the driving task is
polluted or corrupted by non-task stimulation or non-task activities, the higher the safety
risks.

The driving task is complex and comprised of sub-tasks (such as tracking and
maintaining inter-vehicle gaps) that require high levels of monitoring. Given the single
channel property of attention, when a driver focuses on something other than these basic
constituents of driving, his driving performance is likely to be affected, especially if rapid
changes occur in the environment. It is now well understood that reaction time increases
when drivers are distracted (Caird et al., 2004) and this negatively impacts on safety, as
made evident by the significant contribution of distraction to rear-end crashes (Neyens &
Boyle, 2006).

Drivers involved in non-driving tasks such a talking on the phone, monitoring a GPS
device or processing roadside advertisement are indeed less efficient in managing inter-
vehicles gaps in fast and busy traffic on highways. If traffic suddenly slows down,
increased reaction time can lead to serious incidents. In the Klauer et al. (2006)
naturalistic studies, 93% of rear-end crashes involved inattention to the roadway as a
contributing factor. Given the lower braking and maneuvering capacities of heavy
vehicles and their disproportionate mass compared to light vehicles, the effects of CMV
drivers’ distraction on road safety needs to be taken seriously.

Consequently, the reasons why drivers would focus their attention on tasks or activities
competing with the primary driving task are significant safety issues that need to be
addressed. Moreover, the social norms, attitudes and motivations that influence drivers’
decisions to engage or not in distracting activities while driving should be investigated
and understood, both for the general population and for CMV drivers.

2.1.3.1.2 The importance of exposure

As a general rule, the more a driver is involved in non-driving activities, the higher the
safety risks. However, given the complexity and the multilevel nature of the driving task -
and even more so in the case of CMV drivers - there can be conceptual difficulties in
defining which specific activities should be labeled as critical to driving and which
should not (e.g. forward visual scanning, tracking vs. monitoring and management of on-
board systems, interacting with company communication technologies, etc.).

There is however less difficulty in identifying non-driving activities that present
unnecessary risks and should be avoided or limited as much as possible. Cellular phones
use - either for talking or texting — operation of on-board entertainment systems and
Internet web browsing or emailing are examples of activities that represent additional
burden to attention resources while providing very limited benefits, at least safety wise.
Exposure to these distracters should therefore be limited as much as possible, or simply
prohibited, when the vehicle is in motion.
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As observed by Lee, Young and Regan (2008), driver distraction has been a concern for
road safety professionals for many years. However, recent increases in the use of on-
board communication devices and cell phones, and the fact that telematics systems are
becoming multifunctional and portable, have made an already significant problem
become even worse. There is growing competition for drivers’ attention and this increase
is occurring in an uncontrolled/unregulated environment, creating unprecedented safety
risks. In a recent survey of 1,201 drivers in Canada, 70 % reported that driver distraction was
a serious problem, a significant increase from the 40 % that were observed in 2001 (Vanlaar,
Simpson, Mayhew, & Robertson, 2007). Furthermore, 96% of respondents report that there is
more distracted driving today than 5 years ago.

Risk is generally related to exposure to hazards. However, in the case of driver
distraction, it depends on many factors such as the nature of the distraction, the timing of
the distracting activity (synchronicity with variation of the driving task), its intensity,
frequency, duration and visual demands (Hanowski et al., 2005; Burns, 2008). In other
words, the risk depends on how the distracting activity coincides with the driving task, in
real time, and how it influences the distribution of attention relative to the demands of the
roadway (Lee, Regan and Young, 2008).

It is important to underline that the demands of the driving task tend to be relatively low,
which probably encourages drivers to engage in various secondary activities. The
problem is that these demands are essentially unpredictable and that changes may occur
very fast. Therefore, if a sudden increase in driving workload happens at a time when
attention is invested in a demanding secondary task, the risk of crash will be significantly
increased (see figure 12). Distracting activities that are frequent, demanding and enduring
- such as talking to a cell phone (hand held and hands free) - thus represent higher
exposure, and higher safety risks, especially in heavy traffic and driving situations with
high workload. A steady increase of such activities in the daily experience of drivers,
within the population at large, has to be seen as a public health issue that needs to be
addressed promptly.
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Figure 12: Workload and distraction (from Lee, Young & Regan, 2008)
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2.1.3.1.3 Multilevel control model of driver distraction

The multilevel control model of driver distraction proposes that distraction emanates
from disruptions of driver’s control over different levels of the driving task (Lee, Regan
and Young, 2008). The operational level pertains to lateral and longitudinal control of the
vehicle (driver controls resource investment in competing activities), the tactical level
corresponds to choices of lane and speed (driver controls task timing of competing
activities) and the strategic level relates to choices of route and travel patterns (driver
controls global exposure to distracters). It is suggested that distraction can come from
disruptions at all three levels. At the operational level, it stems from competing demands
from simultaneous tasks, at the tactical level it relates to problems in task timing, and at
the strategic level it is a matter of inappropriate priority calibration.

Consequently, the model also implies that drivers are not simply passively responding to
demands of the driving task and competing activities. They are rather actively controlling
the mechanisms that create the distractions that they experience. Drivers indeed decide
how they distribute their attention and how they choose to engage in secondary tasks
while driving (Lee & Stayer, 2004; Lerner, 2005; Lee, Regan & Young, 2008, Horrey &
Lesch, 2009). This statement is interesting since it associates at least part of the driver
distraction problem to a decision process that could in theory be influenced or modified.

The model also relates to different classes of mitigation strategies. For example, at the
operational level, there would be a need to develop In-Vehicle-Information-Systems
(IVIS) that are less attention demanding and at the tactical level, context sensitive
Advanced Driver Assistance System (ADAS) could manage secondary task interactions
on the basis of actual driving conditions. The authors however emphasize that
interventions aimed at the strategic level are likely to have the strongest impacts on
individual driver behaviors:

Subtle design modifications that reduce distraction
at the operational level of behavior may have a
much smaller effect on driving safety compared
with changes in societal norms that influence the
strategic level and make the use of a device while
driving taboo.

- Lee, Regan and Young (2008), p.53.

It is indeed suggested that the risk associated with a distracting activity depends as much
on the decision to engage in the activity in a demanding environment than on the timing
of the activity and the attentional resources that are needed. The factors that influence this
decision are defined as drivers’ awareness of the demands associated with using the
device in this environment, their perceived ability to manage these demands in this
environment, their risk-taking tendencies (personality, attitudes), the presence or absence
of laws or company regulations, productivity pressures, driving culture and social norms.
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Speaking of driving culture and social norms, Lee, Regan and Young (2008) also observe
that the safety margins in driving are not very salient, allowing for production pressures
to progressively migrate the situation into increasingly unsafe situations. Since there are
no real operational standards as to what level of attention is needed for driving (like the
BAC of .08 for alcohol), and since there are no widely accepted standardized procedures
to assess the distraction potential of various distracters, the industry is left in the vague as
to the boundaries of safety. At the same time, fast-paced expressways with high traffic
volumes represents a growing proportion of drivers’ exposure, increasing the potential for
high-risk situations where tasks demands are high and drivers’ attention is increasingly
challenged.

2.1.3.1.4 A matter of choice

Lee, Young and Regan (2008) observe that distracted driving imposes a cost on society.
They cite Cohen and Graham (2003) who estimated that cell-phone related crashes
represent $43 billion in annual costs for the U.S. The authors however note that some of
these costs are probably offset by certain benefits associated with distracting activities.
The main argument is that IVIS such as entertainment and information systems, MP3
players, cell phones and navigation systems, can help drivers reduce the experience of
monotony, thereby increasing alertness and helping to alleviate fatigue. This is consistent
with Williamson (2008), who suggests that limiting access to strategies aimed at gaining
stimulation trough the use of distracting activities may not be entirely beneficial since
drivers use stimulation to self-manage their level of alertness.

This reasoning is also line with the results of the Thiffault and Bergeron (2003a, 2003b)
simulator study, where alleviating monotony using visual stimulation in low demanding
driving conditions was found to have a significant positive effect on fatigue-related
driving performance. It has to be emphasized however that those benefits are only
attainable in highly monotonous driving conditions such as rural highways and cannot be
generalized to driving in urban settings or in busy traffic on highways. The use of IVIS in
busy traffic or urban settings can only add workload to an already demanding task, and
necessarily represents additional risk.

Creating stimulation to increase alertness is however not the only benefit considered by
drivers when opting to engage in a secondary activity while driving. These may include
gains such as simply enjoying a phone conversation, using the Internet, sending and
receiving emails in order to be productive or getting directions with a GPS navigation
system. It has been suggested that the decision to engage in these types of distracting
tasks relies on a tradeoff between perceived benefits vs. perceived risks (Lesch &
Hancock, 2004; Horey, Lesch & Gabaret, 2008). The authors however note that for a
number of reasons, the perceived risk is usually very low and poorly calibrated in terms
of actual performance decrements. This would have a negative impact on road safety by
increasing the number of drivers who choose to drive distracted, based on these faulty
assumptions.
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Horrey, Lesch and Gabaret (2009) studied the relationship between drivers’ performance
and subjective performance estimates during distracting driving conditions. The results
show that performance was more affected when the distracting task was more demanding
and when dual task conditions were present. There were however significant
dissociations between performance and subjective reports; participants had a propensity
to overestimate their performance on more engaging tasks, while in reality it was worse.
Also, and more importantly, they were not able to detect fluctuations in single task
difficulty while operating in dual task conditions. Globally, the authors concluded that
drivers are not aware of their performance deterioration due to distraction and that they
tend to overestimate their capacity to multitask, which has an effect on their decisions to
engage in distracting behavior and their ability to do so strategically.

In another study, Horey and Lesh (2009) observed that although they were made aware of
the distribution of road demands along a pre-planned route, drivers did not tend to
strategically postpone engaging in distracting tasks when demands were high and rather
initiated secondary tasks regardless of conditions. Using the multi-level control model,
the authors noted that drivers did not rely on the strategic level to adapt (planning the
decision to engage in distracting activities and the timing to do so given road situations),
but rather engaged in secondary tasks impulsively and tried to adapt at the operational
level by swapping attention between driving and secondary tasks. This strategy was
however not effective, as shown by higher error rates and poorer driving performance.

Considering these studies, it is evident that most of the time drivers have a choice as to
whether or not to engage in distracting activities. Furthermore, they have significant
control over the way they do it. The problem seems to be that they are poor judges of the
risks associated with these tasks. Consequently, they do not use efficient strategies to
mitigate these risks. Perceived risks and benefits therefore appear to be central concepts
in the self-management of driver distraction. These processes are fueled by factors such
as social and subjective norms (culture), beliefs, attitudes, motivations, personality,
perception of own abilities, optimism bias, etc.

Investigating how these factors shape the decision to engage in distracting activities while
driving is therefore a relevant step in the development of various interventions aimed at
modifying drivers’ behaviors with regards to distracted driving. Understanding the
factors that condition the decision to use distracting activities while driving for different
segments of the population (e.g. young drivers, CMV drivers etc.) can indeed be
instrumental in the development of tailored interventions aimed at influencing this
decision for these specific groups.

As previously mentioned, these choices, which involve making safety concessions for the
gains associated with distracting activities, are often made on poorly calibrated
assumptions of the risk that they represent. In other words, drivers may choose to make
phone calls while driving because they are not fully aware of the negative impacts of
these actions on their performance and of the risks associated with this deterioration of
their driving skills. In such cases, drivers should be made to understand the dynamics of
the processes by which distraction and cell phone use can alter driver performance.
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In other cases, drivers may be aware of the risks associated with the activity, but
nevertheless decide to engage in it. This situation is likely to be caused by the attitudes,
personality dimensions and/or motivations that shape drivers’ intentions to engage in
risky behaviors. Interventions aimed at addressing these factors could target the safety
culture and drivers’ motivations through safety management practices and enforcement
rather than simply creating awareness trough knowledge transmission. Such a tailored
approach would be particularly relevant when addressing the problem for a specific
population, such as professional drivers in the motor carrier industry. The perceived risks,
benefits, attitudes and motivations associated with the use of distractors first need to be
assessed, and then a tailored approach can be designed and implemented. A model such
as the Theory of Planned Behavior can be instrumental in such a context, as demonstrated
by Zhou et al. (2009) who successfully used the theory to investigate the determinants of
young drivers’ intention to use cell phones while driving.

Note that according to Horey, Lesch & Gabaret (2008) understanding why drivers
misperceive the risks associated with distraction can also inform the application of
distraction mitigating technologies, since a gap between estimated effects of distraction
and actual performance deterioration can play a role in determining users trust and
acceptance of these systems.

2.1.3.2 Driver distraction in the motor carrier industry

Considering the magnitude of the driver distraction research field, surprisingly little was
done to explore the problem in the motor carrier industry. According to Llaneras et al.
(2005) and Perrin et al. (2007), commercial vehicles are often the first to adopt on-board
safety technologies and the trucking industry is characterized by a widespread use of fleet
management devices that have the potential to impact on drivers’ attention. Driver
distraction, as it relates specifically to in-vehicle distractors, is therefore an issue that
needs to be addressed in this specific context.

According to Llaneras et al. (2005), the different types and functions of in-vehicle
devices, their placement in the cab, specific tasks related to truck driving, as well as truck
driving vehicle control demands create a situation that is distinct from what is
experienced by LDV drivers. The authors note that while a lot is known about cell phone
use and navigation systems, less research has been conducted on newer devices that
present large amount of information in dynamic modes and provide unrestricted access to
demanding complex and multistep tasks. There is concern that a widespread use of these
devices in the trucking industry could lead to reduced situational awareness, attentional
narrowing, slowed reaction times as well as reduced visual search and sampling. The
authors warned that these technologies might increase crash risks by encouraging more
frequent and lengthy use while driving. In addition, they noted that current trend by
designers is to increase the capacity of their systems and the range of tasks that can be
accessed while driving. There is therefore a need to monitor the safety impacts of this
trend, and this is what they indented to do.
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2.1.3.2.1 Llaneras et al. (2005)

Llaneras et al. (2005) conducted a study that they describe as an initial step in
determining the need for an approach to developing guidelines and standards to limit the
exposure of truck drivers to unsafe distraction. Globally, the study aimed at clarifying the
magnitude of the distraction problem for truck drivers, comparing the problem for CMV
and LDV drivers, examining a sample of in-truck devices in terms of human factors
requirements and identifying the need for truck-specific distraction research. To reach
these objectives, they carried out driver and fleet interviews, device inventory and
analysis and examined industry design and evaluation practices. The results are presented
below.

The results of the interview process reveal that distraction is perceived as a potential
problem, but not to the same degree as other issues, such as fatigue and the shortage of
rest areas. While 65% of drivers and safety officers believe distraction is a problem for
truck drivers, 91% of them think that the problem is worst for LDV drivers. Basically, it
is felt that truck drivers are less susceptible to distraction because of their
professionalism, increased safety awareness and driving experience compared to LDV
drivers. Truck drivers believe that they know when it is safe to interact with a distracting
device, even when the vehicle is moving.

Safety officers however pointed out that some drivers hold misconceptions about when it
is safe to use distracting devices. Driving demands full concentration, even in situations
that appear to be safe, because unexpected events are likely to occur. Safety officers also
consider that work pressures may lead drivers to take unnecessary risks and engage in
distracting activities such as accessing emails while driving. Furthermore, 82% of them
believe that distraction is becoming increasingly worse because drivers have more and
more access to distracting technologies (96% use CB, 87% use devices such as
Qualcomm text messaging, 70% use cell phones, 26% have access to laptops and 35% to
televisions). Regarding Qualcomm text messaging, 13% of drivers simply read messages,
but 30% engage in more complex tasks such as sending emails while driving (see figure
13.

It is interesting to note that 65% of drivers and 67% of safety officers believe that devices
such as cell phones and fleet communication systems are not well designed for use while
driving. However, as pointed out by the authors, even though drivers perceive this risk,
they are willing to accept it. Furthermore, a majority of drivers (83%) report that they can
tell if they are distracted from the primary driving task while using on-board distracting
devices. It is interesting to relate this perception with the findings from Horey, Lesch and
Gabaret (2009) who observed that even though drivers think they are aware of
distraction-related performance degradation, they are in fact poor judges of these
variations and consequently tend to overestimate their capacity to deal with distracting
activities while driving. It is therefore probable that CMV drivers also underestimate the
impact of distraction on their driving performance, which would prevent them from
properly adapting and compensating for this degradation.
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Devices Used While Driving: Proportion of Drivers Who
Reported Using Devices While Driving
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Figure 13: Devices use while driving (from Llaneras et al. 2005)

It is also important to note from this dataset that even though most truck drivers think
they are able to use distracting devices properly and believe they are aware of any
distraction-related performance variations, 48% of them reported experiencing a close
call while using a device while driving. Some close calls were related to reduced
situational awareness and slowed reaction time to external events, such as lead vehicle
braking or traffic signals, both of which can result in very serious consequences.

Briefly, other interesting findings from this interview process indicate that:

® 50% of drivers and safety officers think that the impact of using in-vehicle
devices is different for CMV and LDV drivers;

® Many pointed out that truck driving is more demanding, less tolerant to
performance variation and provides less possibility to recover, compared to car
driving, which may increase the impact of distraction;

e Some say that truck drivers’ enhanced lines of sight translate into better
situational awareness;

¢ Some feel that in-vehicle devices are appropriate and purposeful for truck drivers;

® 55% believe that company policies against the use of distracting devices while
driving are effective, when tied with enforcement.

Phase 2 of the study examined a sample of devices used in heavy vehicles in order to
assess (1) the extent of their conformity with human factors guidelines, (2) the
similarities between CMYV and LDV devices, (3) the extent to which metrics can be used
to assess impacts on operation and performance, (4) how nomadic, aftermarket and
original equipments are being combined and (5) needs for future research. The main
devices included in the analyses are the following:
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¢ AutoVue Lane Departure Warning System

¢ Bendix X-Vision (night vision system)

Delphi Truck Productivity Computer (multi-functional device, similar to the
AutoPC)

Eaton Vorad and Smart Cruise (Adaptive Cruise Control)
Freightliner Driver Message Center

Freightliner Rollover Stability Advisor

Global T-Fleet communications and tracking system

Mack VIP display (multi-functional message center)

MobileMax communications system (text messaging)

Mobuis TTS Onboard Computer

PACCAR Driver Message Center

People Net Wireless Fleet Solutions

Qualcomm Fleet Advisor & MVPC (text-messaging)

VDO FM System

Volvo Driver Information Display & Volvo Link (text messaging)

In brief, the results of these analyses show that there is widespread use of multi-
functional devices in the industry, with text messaging and driver communication
functions being the most prevalent. It is important to note that many of these multi-
functional systems offer the possibility to limit driver interactions with the unit when the
vehicle is in motion, for example by locking functions or ordering messages by
importance and allowing only urgent messages to be communicated. More important
however is the fact that there appear to be no universality in the application of these
lockdown features. Given the risk that these devices represent, recommendations should
be made regarding the use of these safety features. More precisely, the notion of making
the use of lockdown features mandatory should be explored.

The authors also observed that most device manufacturers are familiar with standards
related to the “physical workspace aspect of design”, but less with those addressing
cognitive and attention demands. They note that the industry tends to rely on market
research to maximise users’ satisfaction instead of focussing on human factors guidelines
to increase the cognitive ergonomy of their products.

In conclusion, Llaneras et al. (2005) emphasize that distraction appears to be ranked low
as a safety issue for both drivers and safety officers. Most of the fleets contacted have
crash investigation mechanisms and the results of their investigations suggest that
distraction is not a salient crash causation factor. This is to be expected since there are
significant difficulties to assess the contribution of inattention to crashes without using
advanced crash investigation techniques, which carriers are not likely to be using (see
Gordon 2008). Inattention, as it relates to both fatigue or distraction, therefore often gets
underrepresented in crash databases, which is an impediment to the mobilization of
resources and interventions, as discussed earlier. The perception by fleets that distraction
is not a significant safety issue is just another example of this problem.
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Furthermore, the fact that in-vehicle devices are instrumental to the operations of the
industry probably impacts on the cost/benefit considerations of fleets. Their crash
databases do not imply that there is a problem with in-vehicle devices and they are
helpful in their daily operations, therefore no change is required. However, most
participants in this study nevertheless believe that distraction from in-vehicle devices
could emerge as a significant problem since they are becoming more complex, widely
available, and used. Good device design, testing and lockdown policies are all seen as
critical steps the industry should take to improve safety.

The authors recognize the need to objectively identify the contribution of distraction in
crashes and convene the industry to further explore practices and develop evaluation
procedures and criteria to assess the suitability of multifunctional systems that are used
while the vehicle is in motion. It is important to note that the FMCSA is currently
conducting the analysis of more than 20,000 safety critical events collected in naturalistic
driving conditions in order to identify secondary tasks and activities that drivers engage
into prior to event occurrence. The results of this study will be of great significance for
the identification of various distraction types and their associated risks.

2.1.3.2.2 Hanowski et al. (2005)

Hanowski et al. conducted a naturalistic study to investigate driver distraction in long-
haul drivers. In the course of this study, they analysed the causation of 2737 Safety
Critical Events (SCE) experienced by 41 truck drivers. The results indicated that the most
important categories of driver error included judgement errors (77%), followed by other
vehicle (9.7%) and distraction (6.7%). Specifically, distraction accounted for 178 SCE,
involving 33 of the 41 drivers. Distraction was therefore identified as the second most
prevalent CMV driver error. Note that two drivers were responsible for 24.2% of the
distraction errors, which suggests the fact that individual differences may be an issue.
Single drivers were also over-represented, with 115 events out of 178.

The analysis reveal 34 different categories of distraction organized into seven clusters
(see figure 14). Only four distraction causes were related to work tasks (looking at CB,
talking on CB, adjusting CB, looking at paperwork). The other causes included
interacting with passengers, eating, adjusting the radio, smoking-related activities,
adjusting the seat, cell phone activities (answering, dialing and looking at phone), and
personal factors such as grooming (e.g., brushing hair, using a toothpick, rubbing one’s
face, etc.).
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Figure 14: Frequency of safety critical events for 34 distraction types (from Hanowski et
al., 2005)

While discussing the systemic relationships between the frequency, duration and
characteristics of distracting activities and safety risks, the authors presented three
general rules: (1) frequent distractions (looking at objects outside of vehicle, glancing at
instrument panel) have an associated risk even if they are not intensive or visually
demanding, (2) demanding tasks of short duration (reaching to the floor to pick
something up) are significant distracting agents and (3) tasks that are moderate in time
demands, visual demands and frequency (use of CB, cellular phones) are associated with
SCE. Overall, it is concluded that risk is a function of a combination of distracting tasks’
frequency, duration and visual demands. The authors however clearly underline that
visually demanding tasks represent the highest category of risk.
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2.1.3.2.3 Olson et al. (2009)

Olson et al. (2009) emphasize that limitations of previous driver distraction studies have
prevented the field from gaining a clear understanding of the problem of distraction for
CMV drivers. They observe that previous studies were mainly oriented towards LDV
drivers and that most were conducted using police report data, which has severe
limitations with regards to assessing the contribution of inattention to crashes. They
therefore opted to use two existing naturalistic driving databases (Drowsy Driver Field
Operational Test & Naturalistic Truck Driving Study) in order to determine what drivers
were doing prior to safety incidents. The objective of the study is (1) to characterize
distraction-based SCE, (2) to look at secondary distracting tasks (driving related, e.g.,
turn signal use, checking mirrors, etc.) as well as tertiary distracting tasks (non driving
related, e.g. cell phone use, interacting with dispatching device, etc.) and (3) to classify
inattention by conducting eye glance analysis.

The analysis considered 4,452 SCE, which were associated with 21 crashes, 197 near-
cashes, 3,019 crash-relevant conflicts and 1,215 unintentional lane deviations. A total of
19,888 baseline epochs of normal driving were also included. The SCE were processed
by video review and the analysis led to the determination of odds ratio (OR, or the
possibility of a crash occurring when comparing the presence of a condition to its
absence) and to population attributable risk (PAR, or the incidence of crashes in the
population that would be eliminated if exposure was eliminated).

In brief, the results of the study indicate that distraction is a very significant safety issue
fro CMV drivers. Overall, distraction was involved in 81% of SCE. As can be seen in
table 17, texting on a cell phone is an extremely risky activity with an OR of 23.
Interacting with dispatching device, using a calculator, looking at a map and dialing on a
cell phone are also very risky. The analysis in terms of PAR brings another angle by
including the frequency of distracting behaviors. As can be seen in table 18, significant
safety gains could be attained by eliminating all non-driving distracting (tertiary)
activities. More precisely, significant risks are attributed to the use of dispatching
devices, cell phone dialing, reading, texting and using a calculator. Note that texting on a
cell phone does not rank as strong as in the OR analysis because it not a frequent
behavior.

The analysis of visual behavior was conducted by calculating the duration of glances
away from the road. The results indicate that drivers were 2.9 times more likely to be
involved in a SCE when time with eyes off the road was greater than 2 seconds. Text
messaging - the behavior with the highest OR - involved glances away from the road
from 4.7 to 6 seconds, interacting with dispatching devices was associated with 4.2
seconds glances, dialing on a cell phone with 3.8 seconds glances, while it was only 1.3
seconds for talking/listening to CB radio.
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Table 17: From Hanowsky, Olson & Bocanegra (2009)

Frequency of
Task g"‘.’s LCL | UCL | Safety-Critical | I'cquency of
atio Events Baselines
Text message on cell phone 23.24 9.69 5573 3 6
Other - Complex
(e.g.. cleaning side mirror, rummaging through a 10.07 310 32711 9 4
grocery bag)
Interact with/look at dispatching device 9.93 7.49 13.16 155 72
Write on pad, notebook, etc. 8.98 473 17.08 28 14
Use calculator 8.21 3.03 2221 11 6
Look at map 7.02 4.62 10.69 56 36
Dial cell phone 593 457 7.69 132 102

Table 18: From Hanowsky, Olson & Bocanegra (2009)

Population
Task Attributable Risk LCL ucL
Percentage

All Complex Tertiary Tasks 13.73 13.52 13.95
Interact with/look at dispatching device 3.13 2.84 3.42
Dial cell phone 2.46 202 291
Read book, newspaper, paperwork, etc. 1.65 0.96 2.34
Look at map 1.08 0.48 1.68
Text message on cell phone 0.67 0.29 1.04
Write on pad, notebook, etc. 0.56 -0.16 1.28
Use calculator 0.22 -1.00 143
Other — Complex 018 _0.99 135

(e.g.. cleaning side mirror, rummaging through a grocery bag)

Overall, these results demonstrate the negative safety impacts of visually demanding
tasks. Some of the recommendations are summarized below:

e Fleet managers should educate drivers by highlighting the importance of being
attentive, with eyes on forward roadway;

e There is a need for fleet policies to minimize or eliminate the use of in-vehicle
devices while driving;

e Drivers should not use dispatching devices while driving, and should be educated
as to the risks of doing so;

¢ No texting while driving, no manual dialing of cell phones while driving;

® Reading, writing and looking at maps is a problem;
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¢ Drivers not prohibited talking on hand-free phone or CB. While visual distraction
is a risk factors, no cognitive distraction was observed in this study with the use of
these technologies;

e The design of dispatching devices and instrument panels should consider these
risks and develop more user-friendly systems that do not draw eyes off roadways.

As can be seen, in their recommendations, the authors suggest that talking on a phone or
listening to a CB might be safe, and can even be considered as a protective factor. This
conclusion was reached on the basis of the analyses of glance behaviors and on the lower
prevalence of SCE when engaging in these behaviors. The study shows that drivers kept
their eyes on the road when involved in such activities, even more so than when they
were not, and that they had fewer SCE than in normal driving situation.

It is however important to underline that numerous studies have shown that this type of
activities lead to deterioration of gaze concentration, visual scanning behaviors,
functional field of view, reaction time, signal detection, maintenance of proper headway
distance, cognitive distraction, etc. (Drews & Strayer, 2008; Redelmeier & Tibshirani,
1997; Goodman et al., 1999; Strayer & Johnston, 2001; Harbluk et al., 2002; Strayer et
al., 2003; Patten et al., 2004; Atchley and Dressel, 2004; Kubose et al., 2006). Since these
parameters were not analyzed in this study, and since there is a vast consensus with
regards to the fact that hands free phones present a risk that is similar to that of hand-held
phones, these results need to be considered with caution. Note that the authors themselves
recognize this and recommend that further research be conducted on the protective
effects of performing certain tasks.

One of the hypothesis that could be used to explain why talking on a cell phone or on a
CB could be considered as a protective factor would be that it could bring stimulation in
monotonous, low-demanding driving conditions. This hypothesis is plausible and
somehow fits with the work conducted by Thiffault and Bergeron (2003a, 2003b), which
suggested that adding stimulation to monotonous driving conditions could help to
alleviate task-induced fatigue. It is also coherent with the work of Gershorn et al. (2009)
who recently showed that interacting with trivia type games had a positive impact on
driving performance under monotonous driving conditions.

However, it is important to underline that any such positive effects would only be
attainable under very low-demanding driving conditions, excluding high-density traffic or
any urban expressway environments. It is interesting to note further that a recent study
conducted by Chan and Atchley (2009) to verify this precise hypothesis failed to support
it. In this study, the effects of phone conversation on lane keeping and standard deviation
of lane position was inconclusive but there was a negative effect on a billboard recall
task. Overall, the authors state that while there could be some benefits to the driving task
in general, these potential benefits are outweighed by their costs. They conclude that
given the current state of knowledge, it would remain wise not to engage in any phone
conversation while driving, whether it is with a hand-free or hand-held device, and
regardless of road conditions.
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2.1.3.2.4 Distraction in the LTCCS

Given the above-mentioned subtleties with regards to the definition of driver distraction
and that distraction is related to fatigue and inattention, it is difficult to get a clear
understanding of LTCCS data concerning these issues. In brief, as stated in the report to
congress the data show that:

In all the crashes:

¢ Inadequate surveillance by the truck driver is involved in 13.2% of cases;
¢ [Inattention by the truck driver is involved in 8.5% of crashes;
e External distraction for the truck driver is involved in 8% of the cases.

In multiple-vehicle crashes involving a truck and a car:

® Inadequate surveillance is an associated factor in 15.8% of cases for CMV drivers
and 13.2% for LDV drivers;

¢ Driver inattention to driving is an associated factor in 8.5% of cases for CMV
drivers and 9.2% for LDV drivers;

e External distraction is an associated factor in 7.7% of cases for CMV drivers and
5.6% for LDV drivers.

With regards to the supplemental analysis that were presented by Craft in 2008,
inattention, external distraction and internal distraction ranked 5, 6 and 7 in terms of their
relative probability of being critical reasons for crashes (see table 1). Further, inattention
ranks fifth in the top 8 causative factors, after following to closely, illegal manoeuvre,
inadequate surveillance and driving too fast for conditions.

2.1.3.2.5 Other studies

Looking at a database of CMV collisions that occurred between 1998 and 2003 in the US,
Bunn et al. (2005) reported that fatigue and distraction were strongly associated with fatal
crashes: drivers who were fatigued were 21 times more likely to be involved in a fatal
crash, compared to 3 times more likely for drivers who were distracted/inattentive.

Barr, Yang and Ranney (2003) reported the results of a naturalistic driving study
designed to study truck drivers’ distraction problems. Analyses were made of 121 hours
of video data, which resulted in the identification of 4329 distraction episodes. The
authors noted that drivers were engaged in distracting activities for as much as 52% of
driving time. Distracting events included personal activities such as scratching one’s
heads, yawning, coughing, eating, drinking, smoking and grooming. The data revealed
that drivers spent almost 50% of their driving time engaged in talking, eating, drinking,
or smoking. Activities reducing the amount of time spent looking at the road also
included adjusting the radio, interactions with passenger and cell phone use.
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In a simulator study, Chen et al. (2006, see Salmon et al. 2008) investigated the effects of
cell phone use and wireless communication devices on bus driver performance. The
results show that both devices increased drivers’ response times to sudden events, such as
when a lead vehicle brakes suddenly.

Salmon, Young and Regan (2008) investigated distraction amongst urban transit bus
drivers. The authors emphasized the need for this research because most distraction
research has been conducted on LDV drivers and what little had been done that was done
on heavy vehicles focused on long-haul drivers. Furthermore, they observed that working
in urban transit bus operations generates great potential for distraction. On top of the
distractions associated with conventional driving, bus drivers also face many additional
attention-demanding tasks (selling tickets, communication with control operations,
monitoring passengers), which often involve interacting with non-driving devices such as
ticket machines, communication technology (radio, cell phones, etc.) and passengers.

Distractions were organized into categories and 51 specific sources were identified, of
which 15 were classified as instances where drivers engaged in violational (prohibited by
the company) activities such as cell phone use. Overall, the authors concluded that bus
driver distraction is a significant road safety issue that should be addressed. Distraction
sources related to violational activities could be mitigated though the development and
strict enforcement of company rules and regulations. Training and procedural design
could help in reducing interactions with distraction sources. Ergonomic bus cabin designs
that remove distractors could also be considered.

2.1.4 Distraction countermeasures and research needs

There has been a lot of discussion in the literature about interventions to mitigate driver
distraction. However, contrary to the situation with regards to fatigue, less was produced
to address the within the motor carrier industry specifically. Looking at the body of
material, interventions can be organized under two broad categories: strategies targeting
drivers and strategies targeting distractions sources per se.

2.1.4.1 Interventions aimed at drivers

As stated in NHTSA (2009) Countermeasures that work document, driver distraction,
like fatigue, is in large part the result of lifestyle patterns and choices and can be
considered as a social/cultural problem. While self-management of alertness is key to
reducing driver fatigue, self-management of attention is a cornerstone of distraction
mitigation strategies. Drivers need to be persuaded to pay attention to their driving and to
stop taxing their resources with unnecessary secondary tasks while the vehicle is in
motion. This is however difficult since drivers consider most distracting subtasks (eating,
drinking, adjusting radio/MP3/cd player, talking/texting on cell phones, etc.) as important
activities with significant benefits that they are not likely to want to give up. In the case
of CMV drivers, the problem is even more serious since interacting with telematics and
on-board safety systems has become part of the job.
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There are many ways to convince drivers to change their behaviors. The success of these
different approaches partly relies on their capacity to factor-in the reasons why drivers
are engaging in the behavior and to target the behavior while considering its underlying
mechanisms and its true meaning, or function, for the individual. In general, tailored
interventions that consider the dynamics of behaviors and the characteristics of high-risk
populations will be more effective than global generic approaches aimed at all drivers.

As an example, using a cell phone for talking or texting while driving may have different
significance, or serve different functions, for different individuals. It can be related to a
lack of understanding of the mechanisms of driver distraction, to poorly calibrated risk
perception, to risk-taking tendencies, to anti-social attitudes and/or to job-related needs.
Although the resulting behaviors appear similar on the surface, from a psychological
point of view these are essentially different behaviors with different intentions. As such,
they call for different mitigating strategies, at least when considering driver-oriented
interventions.

It therefore appears important, when developing interventions aimed at a specific
behavior for a specific population (e.g. use of cell phone in the motor carrier industry), to
first assess the meaning of the behavior in this specific context. Once this assessment is
done, program developers are provided with a more detailed understanding of the
phenomenon, informed about its underlying mechanisms and about the different levers
that are likely to influence it.

The first recommendation therefore with regards to driver distraction for CMV drivers is
that research be conducted to study the determinants of driver distraction in the motor
carrier industry. In brief, a study looking at drivers’ attitudes, motivations, risk-
perception and risk-taking tendencies in relation to the use of in-vehicle distractors would
help determine why drivers engage in these secondary tasks, which could in turn inform
the development of tailored mitigating strategies in key areas, including enforcement,
education and training.

Before discussing different driver-oriented intervention options, it is relevant to briefly
define central psychological factors and how they can be influenced. Note that most of
these concepts will be described at length in the upcoming section on decision errors and
high-risk behaviors.

e Attitudes refer to the positive or negative values associated with a specific
behavior by the individual. They are strongly conditioned by socio-cultural
pressure, education and life experience. Attitudes can therefore be influenced by
education, training, cultural changes and the positive/negative consequences of
behaviors that can be created by safety programs and/or enforcement.

e Motivation is the driving force of behavior. It represents an underlying drive by
which behavior is directed to attain specific objectives. As such, motivations are
directly related to the needs that the behaviors are aiming to satisfy. Motivations
can therefore be influenced by manipulating the needs associated with the
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behavior, by removing the possibility of this behavior to fulfill these needs, or
by increasing its efficiency in doing so. For example, if drivers are paid by the
mile, they might be motivated to drive faster because financial resources, which
are related to their primary needs of subsistence and security, are tied to driving
speed. By changing the way drivers are paid (e.g. annual salary), driving faster
would not be perceived as beneficial therefore driving speed would likely be
related to other factors, such as attitudes, personality, or simply comfort.
Motivations can therefore be influenced by the macroergonomic structure of the
motor carrier industry and by manipulating the positive or negative
consequences of the behavior through specific remuneration options, company
safety programs and/or enforcement.

e Knowledge refers to drivers’ understanding of the processes and dynamics
involved in driving and of their specific impacts on safety. It is widely accepted
today that imparting knowledge is important but education strategies only
aimed at transmitting factual information have limited impacts if other stronger
behavioral determinants are at work. For example, a driver may be well
informed about the dangerousness of a behavior but still be inclined to engage
in it because of positive attitudes towards the behavior and/or motivations to
attain specific gains. Knowledge is also related to skills. Indeed, drivers can be
trained to properly execute tasks such as dealing with multiple sources of
information at the same time. Overall, education should be considered an
important component of a comprehensive multifaceted approach, but should not
be used in isolation.

e Personality refers to global inclinations of an individual towards groups of
behaviors and lifestyles. Some are closely related to physiological roots (e.g.
need for stimulation, extraversion and sensation seeking), others condition
individual styles in interpersonal relationships (trait anger, anti/pro-social
tendencies, social deviance, etc.) and many impact on high-risk behaviors while
driving. Note that personality traits can hardly be changed via external
interventions. They however establish the meaning or the function of behaviors
for an individual and can be used to define high-risk groups as well as to
develop tailored approaches to communicate with them and to try to impact on
their behaviors. Furthermore, while personality traits per se are not the object of
interventions, the attitudes and motivations towards high-risk behaviors that are
associated with each of these different personality dimensions can be changed
and therefore represent legitimate targets. In road safety, the most relevant
personality traits to consider are traditionally sensation seeking and
aggressiveness.

e Risk perception refers to subjective estimates of the dangerousness of a
situation or activity. It is a combination of the assessment of objective risk and
of one’s ability to manage it. Risk perception calibrates risk-taking processes
and is therefore central to decisions to engage in high-risk behaviors and high-
risk driving. A driver with inadequate risk perception abilities, for example
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because of a lack of experience or optimism bias, will fail to properly adapt
when faced with high-risk situations. Risk perception can be modified by
training. Computer-based approaches and driving simulators have proven to be
efficient in this regard.

In view of the above, driver-oriented interventions to address the problem of driver
distraction could legitimately target attitudes, motivations, knowledge, personality and
risk perception. Interventions could be aimed at these determinants individually, or an
approach could target many processes at the same time. However, as stated earlier, it is
important to first empirically assess the nature of the problem before developing a
strategy. Is the problem one of attitudes, motivations, knowledge, risk-taking tendencies
and/or improper risk calibration? Once this is known, a more efficient risk-based
approach can be put in place. While some relevant information can be found in the
literature concerning with general road users, an investigation targeted specifically at
CMV drivers in Canada is warranted.

2.1.4.1.1 Education and training

Regan, Lee and Young (2008a) analyzed the potential of education and training to
address driver distraction. Referring to data collected by Mayhew and Simpson (2002),
they suggest that drivers have a poor understanding of the risks associated with sources of
distraction, of the impact of distraction on performance, of the mechanisms that mediate
these effects and of the need to self-regulate attention while driving. Consequent to their
review, the authors observe that there appears to be a paucity of material addressing
driver distraction in driver education and training programs, even though the management
of distraction by drivers can be regarded as an ability that can be developed and
improved through education and training. Although the evidence that driver education
has positive impacts on safety is inconsistent, studies have shown that targeting specific
skills critical to safe driving is indeed effective in improving these skills.

In their discussion, Regan, Lee and Young (2008a) use the Goals of Driving Education
(GDE) matrix as well as the multilevel control model (described earlier) to identify areas
of operational, strategic and tactical control levels where education and training can be
instrumental to address driver distraction. Note that both these models refer to the notion
of a hierarchy of functions and processes, ranging from micro tasks like vehicle
manoeuvring to macro concepts such as life goals and the influences of attitudes, values,
lifestyles, motivations, personality, etc. Table 19 (from Regan, Lee and Young (2008a,
who adapted it from Hattaka et al. 2003) illustrates how the GDX matrix can be used to
identify skills and competencies that can be targeted through driver education and
training.
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Table 19: Goals of driver education matrix (from Regan, Lee and Young, 2008a)

Regan, Lee and Young (2008a) indicate that the knowledge and skills column describes
what a driver needs to know and needs to be able to do at each of the four vertical levels.
The lower half of the column includes what is usually addressed in traditional driver
training and the upper half refers to elements that are currently being introduced in post-
licensing training. The risk increasing factors column relates to knowledge about factors
that increase or decrease crash risk, ranging from driving conditions to social pressure
and lifestyle. The lower half of the column includes material likely to be found in
defensive driving courses. The self-evaluation column refers to reflective thinking based
on performance feedback in a driver self-management perspective.
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In the paper, the authors make suggestions as to what can be done in terms of training and
education for each cell of the table. They also recommend that drivers be made to
understand what can be done at the operational, tactical and strategic levels to mitigate
driver distraction. Given the fact that there are no empirical evaluations of the efficiency
of education and training to address driver distraction, the authors specify that these
proposals come from their professional judgment, based on the actual status of science in
this field. They also observe that the paucity of evaluation studies prevent them from
identifying which of the proposed initiatives is likely to be the most efficient.

They do however suggest that the competencies higher in the hierarchy of the GDE
matrix and the multilevel control model - which are the least developed and researched —
are the ones that are likely to have the greatest influence. The authors highlight that the
skills lower in the hierarchy are exercised under the guidance of higher levels goals and
motives. This is coherent with the views of Lee et al. (2008) who underlined that changes
in societal norms that influence the strategic level and make driver distraction taboo
could be more influential than technical interventions aimed at the distractors per se.
Overall, the key message is that it appears legitimate to target high-level determinants of
driver distraction in a comprehensive strategy to address this problem.

It is further recommended to supplement education and training by creating public
awareness campaigns aimed at increasing drivers’ understanding of the driver distraction
problem as a whole, the relative risk of specific distracting activities as well as the risk
and protective factors. The authors also note that it would be important to raise
employers’ awareness of the tools available to them to limit employees’ exposure to
distraction while driving company vehicles.

Finally, the results from Horrey et al. (2009), Lesh and Hancock (2004), Nelson et al.
(2009) and Wogalter and Mayhorn (2005) suggest that drivers decide to engage in
distracting activities while driving because they fail to realize that their performance is
degraded, or because they are overconfident about their abilities to deal with these tasks
while keeping a safe level of performance. These concepts relate to the notion of risk
perception, which will be presented at length in the section on decision errors. It is
however important to note here, as indicated by Horrey et al. (2009), that improper
calibration of risk can be corrected by training programs focused on helping drivers to
pay more attention to their driving performance, in order to recognize dangerous
performance fluctuations while engaging in distracting activities.

Horrey et al. (2009) however also observe that drivers may continue to perform
distracting activities while driving even if their risk perception is perfectly calibrated. In
this case, the issue would be one of risk tolerance, or risk-taking, rather than risk
perception. Thus, while some drivers indeed engage in high-risk situations because they
are not able to decode the level of risk and consequently fail to adapt, in other cases the
risk is well decoded but nevertheless tolerated, or even sought by the individual, because
of specific attitudes, motivations or personality dimensions. These factors can be targeted
trough fleet safety programs and enforcement.
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2.1.4.1.2 Fleet management of driver distraction

Regan, Young and Lee (2008a) emphasized that 50% of work-related fatalities in
Australia are road crashes and that about 25 % of all crashes there involve business
vehicles. They suggested that this situation is similar in most developed countries. In this
paper, the authors discuss driver distraction mitigation approaches that can be
implemented through fleet management practices. Globally, the assumption is that fleet
owners and employers have responsibilities towards their drivers’ safety. It is also
emphasized that they are in a perfect position to develop and implement policies that
limit exposure to distractions while driving, or to purchase vehicles that are designed to
minimize driver distraction.

In terms of road safety interventions, there is a lot more that can be done with
professional drivers than with general road users. CMV drivers are regulated and their
safety performance is monitored. They are involved in company structures where safety
programs and enforcement algorithms can be used to modify driving habits and
behaviors. Examples of fleet-based distraction mitigation strategies are discussed below.

Considering the multilevel control theory, Regan, Young and Lee (2008a) note that
employers can influence drivers at the strategic level by limiting the availability of
distracting technologies and devices to employees and reducing productivity pressures to
use mobile phones on the job. Employers can also have an impact at the tactical level
through education and training by teaching drivers how fto self-regulate behavior in
response to driver distraction and they can have an effect at the operational level through
the provision to drivers of vehicles equipped with technologies designed to minimize
distraction.

Regan, Young and Lee (2008a) note further that employers have a captive audience to
whom a wide range of interventions can be applied:

e Exposure control: company regulations prohibiting the use of certain technology
while driving (e.g. cell phones);

Crash prevention: on-board distraction mitigation technologys;

Injury control: passive safety features;

Behavior modification: education and enforcement of company regulations;
Postinjury control: automatic crash notification systems.

The authors provide a comprehensive list of recommendations to mitigate driver
distraction from a fleet perspective. These recommendations are organized as
responsibilities, company policies and licensing. Below is a summary:

e With regards to responsibilities, governments should play a leading role in
providing fleets with guidance on (1) strategies that can be adopted, (2) legal
responsibilities/liabilities related to driver distraction and (3) product information
to stimulate the purchase of vehicles and nomadic telematics devices that
minimize distraction.

Human Factors in the Motor Carrier Industry in Canada 96



e [t is recommended that companies develop evidence-based policies to address
driver distraction. Employees should be provided with guidance as to when it is
acceptable to engage in distracting activities and when it is prohibited. Drivers
should also be made to understand the legal implications, as well as company
penalties for violations and/or incentives for compliance. Policies should detail
the risk associated with the different types of distractors and provide guidance as
to how they can be mitigated. Companies should implement systems to properly
quantify the contribution of distraction to safety incidents. The efficiency of
policies should be monitored with proper safety indicators. In general, policies
should aim to limit exposure to distractors by means of enforcement, either by
penalties for failing to respect the rule or by incentives for compliance.

e Education should be used in parallel with policies to explain the company
approach while covering different aspects of the problem (risk and mediating
factors, self-management strategies, regional legislations, etc.). In terms of
company training, knowledge and skills should be developed regarding mobile
phone features (voice recognition), proper use of vehicle technologies and
nomadic telematics devices in order to minimize distraction, optimal modes of
self-regulation (slowing down, increasing following distances etc.), self-
awareness of performance degradations given different distracting activities, etc.

2.1.4.2 Interventions aimed at distractors

The above-mentioned initiatives were mainly concerned with changing drivers’ behaviors
with regards to exposure to distractors. Interventions aimed at distractors per se will be
reviewed in the following section. The study from Llaneras et al. (2005) indicated that
most CMV telematics device manufacturers are familiar with standards related to the
“physical workspace aspect of design” but less with those addressing cognitive and
attention demands. It appears that industry relies on market research rather than focussing
on human factors guidelines. Since such guidelines and performance standards do exist,
there is a need to promote a series of measures that would prompt the industry to consider
the potential for distraction as a central factor in the development of telematics devices.

There has been a lot of research on the distraction potential of in-hand and hand-free
cellular phones and the risks associated with their use are now understood. The field is
however faced with new challenges related to the rapid increase of various information
technologies on board vehicles. As summarized by Hedlund et al. (2006), these
challenges relate to the fact that (1) telematics devices are becoming multifunctional, (2)
devices are becoming increasingly portable (nomadic) and individuals bring
communication and entertainment technologies on board vehicles, (3) the industry is
diverse, ranging from original manufacturers’ equipment (OEM) to aftermarket and
consumer electronic industry, which does not fit with the traditional regulatory structure
and (4) products are developed and introduced in the market very rapidly. Accordingly,
there is a need to assess the distracting potential of new technology and take proactive
steps to prevent it from increasing crash risk while preserving its potential benefits
(Hedlund et al., 2006).
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According to Regan, Victor, Lee and Young (2008) there are two main avenues for
countermeasures addressing distractors: they can be aimed at the design phase of
telematics products or they can be carried out by distraction mitigation on-board systems.
The key to design-phase countermeasures is to influence design processes so that systems
are created as to minimize distraction. The questions of who designs these systems and
how their distraction potential is evaluated are therefore central issues to consider. Citing
Stevens (2008), Regan, Victor, Lee and Young (2008) note that multiple individuals and
organizations may be involved in the design of systems and that therefore these designers
and organizations need to be considered as legitimate targets for countermeasures.

Peter Burns from Transport Canada operates in the field of driver distraction. In 2009 he
presented a summary of his team’s activities at La Table Québécoise de la Sécurité
Routiere du Québec. Since the content of this presentation is directly related to
interventions aimed at distractors, the following provides a high-level summary of this
communication. Burns first noted that providing the industry with guidelines and
standards is a key countermeasure for the design-phase of telematics systems. As he
described, there are three types of standards: design standards (precise system
specifications), performance-based standards (system minimum level of performance
when tested with a specific prescribed method) and process-oriented standards (processes
that should be followed during development/implementation cycle).

Design standards provide basic principles to help designers reduce distractions. Examples
of such include principles to protect performance, to set basic restrictions (e.g. lockdown
mechanism while vehicle is in motion) and to ISO standardization processes. Burns also
notes that design standards may limit innovation, that complex devices may require many
standards and that standards need to be updated as technology evolves. Available
standards include the European statement of principles (ESOP, 2005), the standard from
the Japanese Automobile Association (JAMA 2, 2004, see Akamatsu, 2008) and the
standard from the Alliance of Automobile Manufacturers (AAM, see Green, 2008).

Performance standards impact on product development processes. Performance is used to
determine if specific targets are being achieved. Testing is therefore paramount during
development stages as well as to ensure regulatory compliance. The key is to determine if
a product is safe for driving or not. Such testing however requires assessment methods
that are practical, meaningful and repeatable, and there is currently no such standard
assessment method available. Burns nevertheless provides examples of performance
measures that can be used, focussing on secondary task performance, driver assessment,
performance assessment and surrogate performance measurement.

In terms of process or human factors process standards, Burns notes that the emphasis is
on product design and development processes rather than on the end product per se.
These standards include requirements for organizations to consider driver distraction as a
priority while designing and developing telematics. They promote a comprehensive,
systematic and traceable application of human factors considerations throughout the
whole project cycle. These processes are already in use in the industry, however there is
now a need to extend their focus to the safety and usability of telematics devices.
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Burns also presented the underlying principles of the AAM’s voluntary best practices
manual to address the safety aspects of drivers’ interactions with telematics devices, as
well as a the results of an evaluation of these principles that was conducted by TC (Go et
al., 2006). A consultation process was also conducted by TC to outline public concerns
about driver distraction, obtain detailed information on what industry is currently doing,
and identify potential leads for countermeasures (Rudin-Brown, 2005).

In brief, the public believes that (1) research and testing of telematics should be an
ongoing process, (2) government should not assume that drivers use telematics properly,
(3) a broad awareness campaign should be undertaken, and (4) a purely voluntary
approach by the industry does not seem sufficient but a regulatory approach might be
premature at this stage. Thus, it was recommended by TC that a cooperative approach,
based on the signing of a Memorandum of Understanding (MOU) between industry and
the government should be adopted. The industry was positive with respect to the MOU
option and suggested that public awareness initiatives should be conducted regarding
distraction as a whole, with a specific focus on in-vehicle telematics. Industry also
advocated for more scientific research, particularly on the impact of telematics on
collision frequency.

After these consultations were conducted, establishing a MOU was made a priority at
Transport Canada. Burns however notes that despite intensive efforts, the MOU failed to
materialize. Transport Canada proposed statements of scope for key issues, basic design
principles and safety design process for limiting driver distraction. The industry
expressed a preference for self-regulation (status-quo) and leaned towards performance-
based requirements for telematics. Further, they were not interested in applying a Safety
Management System (SMS) approach to the issue, sought harmonization with the U.S.
and deemed the aftermarket consumer electronics industry (nomadic devices) to be the
real problem. When consulted, representatives from this industry expressed that they
were not aware of the Alliance’s activities with regards to cognitive ergonomics of
telematics devices, that they preferred the warning labels approach and that nomadic
devices introduce safety issues that are different from that of OEMs.

In his conclusions, Burns underlines that driver distraction is a significant road safety
issue and that public concern is increasing in parallel with increased exposure to
distractors. Interestingly, he suggests that Canadian drivers falsely believe that in-vehicle
devices have been tested and deemed to be safe, and notes that Canadians expect
government to protect them from unsafe technologies. He further points out that there is
currently no standard tests to assess distraction potential of devices but recognizes that
feasible and effective countermeasures for driver distraction do exist.

Finally, Burns recommends that the following actions should be undertaken (note that
these recommendations relate to the general driver population):

¢ Ask OEM to describe their efforts to limit distraction on their products;

e Continue research on distraction assessment methods for devices;
®  Monitor technology trends and distraction risks;
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¢ Participate in international harmonized research and standards development;
e Discuss and collaborate with the US on distraction research and policy
development;
e (Continue to evaluate new crash avoidance technologies (e.g., lane-departure
warning systems, intelligent speed adaptation);
¢ (Continue to monitor cell phone use rates;
e Large-scale field study of driving behavior (naturalistic driving) to collect
exposure data and identify pre-crash factors;
® Monitor and evaluate the impact of cell phone legislation and enforcement;
® Monitor public opinion, attitudes and behavior regarding the issue of driver
distraction on a regular basis;
e [dentify distraction, and source of distraction, as a contributing factor on collision
reporting forms;
e Raise public awareness and understanding of the risks of distraction;
¢ Inform road users, and new drivers, on how to avoid being distracted - include a
section on distracted driving in driver’s licence manuals and testing;
e Encourage employers to adopt policies for their employees to reduce potential
driving distractions;
¢ Promote efforts to keep distracted drivers safe
o Behavior - e.g., speed enforcement
o Vehicle - promotion of vehicle safety features (e.g., ESC)
o Infrastructure — e.g., rumble strips
e With TC and provinces, ask the aftermarket and consumer electronics industry to
describe what they are currently doing to limit distraction on their products.

2.1.2.4.1 Distraction mitigation technologies

Engstrom and Victor (2008) reviewed the field of real-time distraction countermeasures.
The authors note that traditional avenues to address driver distraction primarily focus on
drivers (e.g. raising public awareness of risks) or distractors (optimizing the design of in-
vehicle systems to reduce potential for distraction). They however underline that a third
option is currently being developed with real-time distraction countermeasures (RDCs).
RDCs can be seen as driver support systems that would intervene earlier in the crash
causal chain than other technologies such as lane-keeping support and forward collision
warnings. RDCs aim to prevent or mitigate distractions that might lead to crashes.

“If recent conclusions are correct regarding the impact of inattention to the
forward roadway on traffic safety, then RDCs certainly offer huge potential
to save lives.” P. 480

Engstrom and Victor make the distinction between two categories of RDCs: real-time
distraction prevention systems (or workload managers - WM) and real-time distraction
mitigation. While WM aim to prevent distraction from occurring by prioritizing and
scheduling the delivery of system-related information according to current driving
situation and driver state, distraction mitigation systems aim to deal with distraction when
it occurs, by redirecting attention towards important aspects of the task.
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WM systems help manage or prevent workload peaks that are created when heavy
driving task demands coincide with high non-driving task demands. The authors note that
drivers normally tend to adapt to workload peaks (e.g. slowing down, stop talking), but
since they are poor judges of task demands, these adaptation efforts are often not
sufficient. They also note that secondary tasks tend to create a psychological attraction,
making it difficult to resist engaging in them (e.g. answering the phone). WM would
prevent this situation from occurring by stopping secondary tasks from interfering during
risky-driving situations.

WM functions include scheduling of information transmission; they assure that drivers
receive only needed information and only when they have the capacity to do so. A good
example is the delaying of an incoming phone call or email in the middle of a busy
intersection. WM can execute lockdown functions, which involve completely disabling
functions pending certain conditions. It is also possible to alter the format under which
the information is communicated on the basis of the characteristics of the situation (e.g.
use an auditory message in highly visually loaded contexts). Visual distraction alert
system is a good example of distraction mitigation functions: the system helps the driver
realize he is gazing away from the road. Since it warns drivers of inappropriate visual
activities, it could also be a good training tool for the self-regulation of attention.

As reviewed by Engstrom and Victor, several studies show high user acceptance for RDC
functions, and driving performance improvements have been observed with workload
managers (see Rimini-Doring, 2007). With regards to distraction mitigation systems, the
results of evaluations show safety-enhancing effects on visual time-sharing but no clear
improvements in terms of driving performance. The authors indicate that this latter result
is probably related to methodological difficulties in the studies. They also note that it
does not take into account the potential long-term effects that these distraction feedback
systems can have on drivers’ behaviors. Given their training potential, they may indeed
change the way drivers engage in distracting activities while driving. Further research is
needed in this respect.

The authors conclude that RDCs represent a very active but somewhat immature research
field. They recommend the use of data from naturalistic driving studies to analyse
distraction-related safety critical events and identify the RDC functions with the greatest
potential. They also recommend the use of large-scale field operational tests to
investigate further the potential of these systems. Overall, it is understood that RDCs
represent a valuable complements to driver-oriented and distractors-oriented
countermeasures (as reviewed above), but that more work is needed to identify the
functions that would have the largest impacts on safety and to develop efficient systems
that would provide these benefits with a maximum of comfort for drivers.

Hodges (2008) provides examples of RDC systems that are currently being deployed in
the motor carrier industry. The article describes how a known truck manufacturer began
using lockdown features on dashboards in 2005. The author notes that modern trucks are
fully wired and that an increasing amount of information is being made available to
drivers. There is therefore a need to prioritize what is communicated and when:
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“Dashboard simplification is not a matter of
fewer bells and whistles but of better choices
about what is shown and when.”

In the example described by Hodges (2008), lockdown features are used so that only
essential information (e.g. gear selection, real-time fuel economy, malfunction warnings)
is presented while the vehicle is in motion. Once stopped, the driver can access more than
73 items, from diagnostics to vehicle parameters.

Hodges also describes an OEM’s effort to design proper systems to transmit information,
with a preference for using a simple screen behind the steering wheel rather than pull-
down menus and heads-up displays, which are more distracting. There also appears to be
a significant push to make on-board communication devices more user-friendly and less
distracting. Systems such as Qualcomm’s Omni-Vision computer are opting for auditory
turn-by-turn information. Other companies are considering motion disablement of
functionalities such as full-text display of messages and navigation details.

Overall, these advances are encouraging since they indicate a push from industry to
incorporate human factors considerations in the development of telematics. However, the
significance of this trend, the extent to which human factors are integrated in design and
the processes by which devices are tested is unknown and should be investigated further.

2.1.4.3 US developments

In 2009, US Transportation Secretary Ray LaHood generated a significant push towards a
culture change with regards to distracted driving. The USDOT Distracted Driving
Summit that was held in DC - with 300 invited guests and 30,000 participants via
webcast — was aimed at reviewing issues related to data and definitions, risk assessment,
impact of technology and impact of awareness campaigns. The summit resulted in many
action items, some of which are summarized below:

e Obama executive order banning all text messaging by four million federal
employees while they are driving government vehicles or on official government
business;

e As off January 26, 2010, texting prohibited by CMV drivers, including buses;

e Restriction of the use of cell phones by truck drivers and interstate bus operators;

e USDOT currently working on rules to restrict use of electronic devices by rail
operators;

e Revoke commercial licenses for school bus drivers convicted of texting while
driving;

e (all on state and local government to make distracted driving part of their state
highway plans and to pass laws against distracted driving in all types of vehicles,
particularly school buses;

e USDOT release sample legislation to encourage states to adopt tough distraction
laws (30 states so far have enacted texting ban, 5 states enacted ban of handheld
devices while driving);
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e Encourage states to use high visibility enforcement (STEP programs - increased
enforcement combined with public service announcements and evaluation of
impacts);

e Launch of NHTSA’ phone in one hand, ticket in other STEP program;

e Working with advocates and industry groups to change culture and mark this
behavior as unacceptable;

e USDOT launched new distraction.gov website;

e Creation of FocusDriven, first non-profit distracted-driving victim’s advocacy
organization;

e High visibility media interventions, including Oprah’s no phone zone day and
American Idol X the text campaign;

e Meeting involving UN Secretary General Ban Ki-Moon, American and Russian
representatives to launch global effort to address the growing and deadly
epidemic of distracted driving.

CVSA participated actively in the summit and drafted a set of guiding principles to
combat distracted driving, some of which are summarized below:

e Distracted driving is wide in scope, and needs to be addressed as such. It includes
technology and non-technology distractions. Much more than cell phones, also
laptops, mini computers, GPS systems, dispatching devices, on-board safety
systems, etc.

e Legislation should therefore not be too narrow, but rather flexible to include
upcoming evolutions of the phenomenon. Legislation should be performance-
based rather than prescriptive;

e There is a need for more government-funded research, especially with regards to
crashes caused by different types of distraction (technological vs. non-
technological, hand-held phone vs. hands-free, other technologies that impact on
attention);

e While processing results of such studies, government must balance the needs of
the industry to remain safe while having on-board communication devices;

e All on-board electronic devices need to have lockdown mechanism when the
vehicle is moving;

e Countermeasures should include enforcement, engineering and education. STEP
programs should be used;

e Need for government funding to support special enforcement and education
programs targeted at distracted driving in CMV operations;

e Distracted driving should be addressed in driver training, testing and licensing
processes;

¢ Need for nationally uniform safety data and data collection procedures;

e Distracted driving legislation should be enacted as primary law, not secondary
law.
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2.1.4.4 CCMTA’s Expert Group on Driver Distraction

As it is the case for fatigue, there is a CCMTA working group to address driver
distraction. Experts from the group have drafted an action plan to deal with the problem
for the general driving population. As of October 2" 2009, the main
recommendations/action items were the following:

1. Monitor current and emerging technologies, both original equipment and
aftermarket, with respect to potential driver distractions;

2. Monitor jurisdictions’ & public opinion, attitudes and behaviour regarding the
issue of driver distraction on a regular basis. Share information with F/P/T
governments on legislative and regulatory options on driver distraction.

3. Jurisdictions to develop educational materials specifically to guide the use of
emerging telematics systems in vehicles;

4. P/T should include a section on distracted driving in their driver’s license
manuals;

5. Determine and recommend best practices for P/T regulations to address dangerous
instances of driver distraction and the use of after-market devices;

6. Encourage employers to adopt policies for their employees to reduce potential
driving distractions.

Human Factors in the Motor Carrier Industry in Canada 104



2.2 Decision errors

Previous sections focused on processes involved in recognition errors, which relate to
problems that occur during the intake of information. This section will center on decision
errors. Simply put, decision errors regroup different phenomena that impact on
information processing as well as high-level psychological factors involved in decision-
making, influencing the course of action that drivers choose to adopt. Contributing
factors, science-driven intervention leads and priorities for R&D will be identified.

It is important to recall that decision errors come out as the largest crash contributor in
various studies looking at CMV safety. In the LTCCS, when CMYV drivers are attributed
the critical reason for a crash, decision errors are the most prevalent cause, amounting to
38% of cases. Decision errors are also the lead cause of multiple-vehicle crashes
involving a truck and a light vehicle, with 42.6% of cases for CMV drivers and 23.5% for
LDV drivers. Also, in a more recent set of analyses presented by Craft (2008) on LTCCS
data, decision errors are the most critical problem faced by CMV drivers in terms of
absolute risk. The data show that following too closely, illegal manoeuvre and driving too
fast for conditions - traditionally identified as core aggressive driving behaviors - are at
the top of the list.

The results of the 2005 ATRI study on crash predictors also point in this direction, with a
325% increase in crash risk for drivers committing reckless driving violations. In the
Jonah et al. (2009) study, speeding and inattention are identified as the top crash
causation factors, which confirms the need to address both recognition and decision
errors in the Canadian environment. Therefore, from a risk-based perspective, the science
indicates that decision errors, mainly risk-taking and aggressive driving behaviors, should
be a top priority in terms of R&D and interventions.

The problem is not only one of drivers’ skills and how they cope with task difficulty
(what they cannot do) but also what they actually do willingly (Clarke et al., 2005;
Forward, 2009a). Different authors have indeed made the distinction between driving
skills (related to knowledge, skills and experience) and driving style (influenced by
motivation, attitudes and personality), observing that these two categories define distinct
yet complementary sets of human factors involved in the production of high-risk
behaviors (see Sundstrom 2008, Sommer et al., 2008, Stimer et al., 2006).

It is understood that both categories have different impacts on safety; driving skills are
related to errors while driving style corresponds to driving violations (risk-taking,
deliberate deviation of safe driving practices). Many studies have confirmed that
violations are far more prevalent than errors and that contrary to errors they empirically
predict crashes. Interestingly though, it appears that training programs for the population
at large and in the motor carrier industry have so far traditionally been oriented towards
skills rather than style. This situation is certainly not optimal since studies repeatedly
show that the latter also needs to be systematically addressed and, theoretically, should be
prioritized.

Human Factors in the Motor Carrier Industry in Canada 105



According to Lonero and Clinton (1997), road safety interventions in the past 40 years
have focused on the passive (engineering) approach, by making safer roads and safer
vehicles, rather than active (behavioral) strategiesz. They attribute this situation to the
weakness of past, overly simplistic, behavioral interventions. They further note that while
large safety gains were achieved under the passive safety paradigm, it has now become
clear that the modification of behavior is also essential in effective road safety
management and that passive and active approaches are complementary rather than
exclusive. Given the above, the crucial issue is therefore to understand what motivates
specific groups of drivers to knowingly commit acts that put themselves and others at risk
(Hatfield & Fernandes, 2009; Forward, 2006, Forward, 2009). Once this is done, targeted
scientific interventions respecting the true meaning and the dynamic of these behaviors,
for these drivers, can be developed, evaluated and adopted (Zuckerman, 2008).

2.2.1 The concept of risk-taking

There is now a well-established body of research on risk-taking. The term risk
psychology is commonly used in road safety literature. Turner, McClure and Pirozzo
(2004) carried out a review to determine whether there is sufficient empirical evidence to
support an association between risk-taking and injuries in general. The authors concluded
that research data clearly support this relationship but that the field lacks a systematic
approach and that it is marked by conceptual confusion. This confusion creates problems
in the identification of target behaviors, stands in the way of consensus building and
makes it difficult to regroup studies in a single analytic framework. The authors note that
an effort is needed to develop a precise operational conceptual framework with clearly
defined variables, valid measuring instruments and tested research methodologies. It is
therefore important to begin this discussion by establishing the meaning of the concepts
that will be used further on.

According to Cvetkovich and Earle (1988) as well as Jonah (1986), risk-taking is defined
as an observable behavior that increases the likelihood of a crash. For others, such as
Irwin and Millstein (1992), Wagenaar (1992), Yates & Stone (1992) and Shtarkshal
(1987), it necessarily involves awareness of the risk involved. Thuen, Klepp and Wold
(1992) affirm that awareness is necessary and add that the risk is also deliberately sought.

Leight (1999) observes that engaging in a behavior that puts one at risk,
epidemiologically speaking, may be very different from risk-taking, considering the
psychological meaning of the term. An individual may be at risk with regards to certain
activities without necessarily having a tendency to take risk. A young, inexperienced
person who drives under the influence of alcohol is not necessarily taking risks from the
point of view of his experience at the time, but he is nevertheless atr risk of being
involved in a crash. Millstein and Igra (1995) point out that young drivers’ risky
behaviors do not always involve risk-taking as such; young drivers may expose
themselves to health and safety hazards while indulging in dangerous behaviors without
consciously and willingly taking risks while driving.

? Note that this classification, as used by these authors, differs from the notions of passive safety
(crashworthiness) and active safety (crash avoidance), as it is often used in human factors engineering.
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It is therefore important to distinguish high-risk behaviors, which may have a negative
effect on safety and health, from risk-taking behaviors, which unlike the former always
involve conscious, deliberate self-exposure to a dangerous situation. These are different
realities that need to be addressed with different interventions.

Shtarkshal (1987) emphasized the importance of three factors with regards to risk-taking.
First, risk must be perceived as such; when a child who knows nothing about electricity
touches a wire, no risk is being taken. Knowledge, or at least a certain awareness of risk
is necessary. Failing such awareness, the person is engaging in high-risk behaviors but is
not taking risks per se. Second, risk-taking includes an evaluation of one’s ability to deal
with a risky situation; drivers who think they have strong abilities to deal with a situation
will subjectively be taking a lower risk than drivers who believe the opposite. However,
an overconfident driver may underestimate risk and fail to adapt accordingly to a driving
situation, which exposes him to higher levels of objective risk. The notion of
overconfidence in the motor carrier industry is an issue that needs to be looked at.

The third factor is the acceptance of risk. Two drivers who perceive the same level of risk
in a given situation, and who have a similar evaluation of their abilities, may differ in the
extent to which they are willing to accept the risk. This difference is mainly related to
personality traits, attitudes and motivations; it varies from one person to another and it
can be assessed. According to Shtarkshal, acceptance of risk is the strongest predictor of
risk-taking, violations and crashes. Turner and McClure (2004) observed that drivers who
have a high acceptance of risk are up to eight times more likely to be involved in a crash.

2.2.2 Risk-taking, violations and crashes

Several authors have analysed the categories of factors that lead to inappropriate driving
behaviors and increased crash risk (Aberg and Rimmo, 1998; Blockey and Hartley, 1995;
Lawton, Parker, Manstead and Stradling, 1997; Lawton, Parker, Stradling and Manstead,
1997; Parker, Reason, Manstead and Stradling, 1995; Parker, West, Stradling and
Manstead, 1995; Ozkan, Lajunen and Summala, 2006; West, French, Kemp and Elander,
1993; West and Hall, 1997; Furnham and Saipe, 1993). The method used in these studies
is to analyse self-reported driving behaviors in order to regroup factors with specific
influences into nominal categories. Note that Sullman, Meadows and Pajo (2002) applied
this method to a sample of CMV drivers, obtaining results that are similar to what is
observed from the general driving population, as described below.

In brief, the results of these studies reveal a three-fold structure of inappropriate driving
behaviors: (1) violations (deliberate deviations from safe driving practices), (2) serious
judgment errors, and (3) lapses of attention. Note that violations (speeding, aggressive
driving, following too closely, dangerous overtaking, sudden acceleration, late braking,
etc.) are up to three times more common than serious judgement errors and lapses.
Furthermore, adding self-reported crashes to the analysis, Parker, Reason, Manstead et al.
(1995), Gras, Cunill, Sullman, Planes, and Aymerich (2004) as well as Sullman,
Meadows and Pajo (2002) demonstrated that violations are the only statistically
significant predictor of crashes.
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This body of research reveals important information. First the significant linkage between
violations and crashes identifies deliberate risk-taking as a legitimate target for
intervention. Note that Blows, Ameratunga, Ivers, Lo and Norton (2005), Jelalian, Alday,
Spirito, Rasile and Nobile (2000), Stevenson and Palarama (2001), Rajalin (1994) as well
as Turner, McClure, and Pirozzo (2004), also observed empirical relationships between
crashes and risk-taking and all point to the urgent necessity of developing strategies to
reduce risky-driving.

These factor analyses also indicate that risk-taking is distinct from other types of driving
errors. It stems from a combination of specific psychological factors and therefore needs
to be targeted via appropriate, targeted interventions. Lapses in attention and judgment
errors arise from information processing problems as well as skills and knowledge issues
that can be addressed through traditional forms of training (Blockey and Hartley, 1995).
Risk-taking on the other hand arises from personal characteristics and motivational
factors that should be targeted through approaches addressing motivations, emotions,
attitudes and beliefs about dangerous driving (Fernandes, Job and Hatfield, 2007;
Forward, 2006; Forward, 2009a, Forward, 2009b; Parker, Manstead, Stradling and
Reason, 1992a; Parker, Manstead, Stradling and Reason, 1992b; Parker, Reason,
Manstead et al., 1995; Reason, Manstead, Stradling, Baxter and Campbell, 1990;
Rosenbloom, Eldror, Sharar, 2009; Sullman et al., 2002; West and Hall, 1997). Note that
novel approaches to training could also be applicable in this context, as will be discussed
later. Finally, the recognition of the link between risk-taking behavior and crashes also
opens the way to procedures aimed at identifying those individuals who are more at risk
(Knipling et al., 2004; Iversen and Rundmo, 2002; Sommer et al, 2008; Thiffault, 2005b).

2.2.3 Different approaches to risk-taking

The following discussion is aimed at clarifying the different approaches to risk-taking
and risky-driving. This is done in order to bring forward a comprehensive description of
the problem and to generate diversified intervention strategies that could be applied to the
motor carrier industry. Also, since some of these intervention approaches involve
assessing the “risk profile” of CMV drivers, it is important that the main predictors of
risky-riving amongst each of these approaches be discussed.

Risk-taking has been addressed from several angles, depending on the type of behaviors
involved and the areas of public health likely to be affected. A look at existing databases
shows evidence of very active lines of research in the fields of HIV, addiction, gambling,
delinquency and road safety. The fact that high levels of covariation are observed among
risk-taking behaviors has led authors to see them as a constellation. It is suggested that
this covariation reveals the presence of a general fendency to take risks. This tendency
can be associated with various health issues, including road crashes.

Theories have been formulated to account for the tendency to take risks. For example,
Arnett (1992) and Jessor (1992), proposed a biopsychosocial model taking into
consideration the diversity and the systemic nature of the determinants of risk-taking
behaviors. Ajzen and Fishbein (1980) presented a psychosocial motivational theory in
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which behavioral intention arises from a set of interactions among attitudes, subjective
norms and perceived behavioral control. Other models, such as those of Wilde (1982),
Taylor (1964) and Naatanen and Summala (1976) do not explain risk-taking by referring
to psychosocial factors or attitudes but rather focus on behavioral adaptation and risk
perception (see Thiffault, 1991, 2005b).

All these theories are presented as general explanations of risk-taking behaviors but they
most often operate in silos, ignoring aspects addressed by concurrent theories, and
therefore suffer from a reductionism that limits their scope. They also fail to factor-in the
influence of stable personality traits in the production of risk-taking behaviors. For
example, while studies repeatedly show that sensation seeking and aggression are closely
related to risky-driving and crashes (see Iverson and Rundmo, 2002), these factors are
hardly considered or not considered at all in most risky-driving theories. This is rather
surprising, given that personality determines the nature or utility of risk-taking for
individuals sharing specific profiles.

Exceptions to this are the recent study of Chen (2009) as well as the work of Ulleberg
and Rundmo (2003). Chen observes that social cognitive research addressing risky-
driving leads to interventions aimed at changing drivers attitudes and risk perception,
while personality research emphasizes the predictive power of traits such as sensation
seeking, aggression and social deviance. According to the author, ... the integration of
both social cognitive and personality psychology approaches provides an understanding
of the mechanisms underlying drivers’ risky-taking behaviors and is therefore important
and under-researched. The results of Chen’s study in fact show that attitudes serve as
mediators in the relationship between personality traits and dangerous driving, a result
similar to the conclusions of Ulleberg and Rundmo (2003), who also combined both
approaches.

Rothengatter (2002) observed that risk-taking theories could be organized as behavioral
control theories (such as Wilde’s risk-homeostasis theory or Summala’s zero-risk theory),
theories based on the relationship between attitude and behavior (such as the Problem
Behavior Theory or the Theory of Planned Behavior) and models based on personality
traits and individual differences. On the basis on this classification - and others that were
reviewed by Thiffault (2005b) - it is possible to organize the literature in the following
broad categories: the psychosocial approach, the personality approach, the behavior
regulation approach and the risk perception approach.

2.2.3.1 Psychosocial approach: the problem behavior theory

One of the most important theories within the psychosocial approach to risk-taking is
Jessor’s Problem Behavior Theory (PBT) (Jessor, 1987; Jessor and Jessor, 1977). This
theory has a central place in the contemporary understanding of risk-taking behaviors. Its
premise is that these behaviors form a constellation that constitutes a lifestyle. This
lifestyle is functional; it has utility, even though it exposes the individual to health risks
(Moller and Gregersen, 2008). The theory has mainly been applied to teenagers and
young adults but some of its aspects are applicable to CMV drivers.
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For example, the PBT can help us to understand how risky-driving fits into typical risk-
oriented and unhealthy lifestyles found among CMV drivers. Such an understanding
could provide significant input for the development of health and wellness interventions
that attempt to address truck drivers’ health and safety issues with a global, lifestyle-
oriented approach. It also has clear implications in terms of driver assessment and for the
identification of risk and protective factors with regards to dangerous driving.

When it was formulated, the PBT differed from existing risk-taking models because it
incorporated social factors to account for the production of behavior. The main models at
the time, such as Wilde’s risk-homeostasis theory or Naattanen and Summala’s zero-risk
theory, offered explanations that focused on the person and on internal control
mechanisms but did not consider the utility or the psychosocial meaning of behavior. The
PBT provides a completely different perspective by incorporating interactions among
situational factors and personality elements that influence the adoption of risky behaviors.

The main contribution of the PBT is the demonstration that risk-taking behaviors have a
common function for the individual and that they are related by this function. This
explains why some of these behaviors, for example related to addictions and risky-
driving, are resistant to change. The significant correlations observed among these
behaviors also imply that the situational and personal factors that influence and predict a
specific behavior may be the same ones that influence and predict another totally
different behavior in another situation. In this approach, risk-taking is explainable by a
relatively small number of determinants called risk factors. In the same way, the absence
or low prevalence of risk-taking can be predicted and explained by a limited set of
protective factors.

Jessor (1987) defines risk-taking as behaviors that deviate from the social and legal
norms of society. He stresses that these behaviors are neither perverse nor arbitrary; they
have psychological meaning and are developmentally and socially important (Jessor,
1985). Thus, in his view, these behaviors are instrumental rather than pathological, and
the only way to understand them is to properly situate them in the context of their utility.

For example, applying the theory to the context of risk-taking among youth reveals that
the main functions of these behaviors are: identification with the peer group, affirmation
of independence, expression of opposition to social values, coping with feelings of
inadequacy, failure and stress related to fluctuations in self-esteem, establishing one’s
own identity, making the transition to greater maturity, and experience of pleasure.

Jessor points out that this lifestyle exposes the individual to health risks, just as other
lifestyles have been related to health problems, notably the relationship between type-A
personality and cardio-vascular diseases. However, with certain risk-taking activities
such as risky-driving, individuals are not only endangering themselves but also others.
Thus the utility ascribed to these behaviors is not a justification; it simply identifies their
meaning. Jessor also mentions that these functions do not always lead to risk-taking and
that there are significant interindividual variations in this respect. He refers to a
conventionality — unconventionality continuum to explain these variations.
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The PBT is based on three systems of psychosocial influences that are independent of
each other but related: the behavioral system, the personality system and the perceived
environment system. In each of these systems, there are variables explaining the
instigators (risk factors) and inhibitors (protective factors) for the behaviors. These
variables interact, and arising from these interactions is a general risk-taking tendency.
Note that interventions should generally be aimed at limiting the influence of risk factors
and increasing the influence of protective factors.

In brief, the behavioral system is a constellation of behaviors such as alcohol and drug
abuse, sexual activity, driving while impaired, failing to use a seat belt, and speeding.
This system also includes conventional behaviors related to traditional institutions such
as church, education and work. These conventional behaviors are negatively correlated
with the risk-taking behaviors and thus represent protective factors that should be
encouraged. Given such system, it can for example be expected that impaired driving is
positively correlated with other risk-taking behaviors and negatively correlated with
conventional behaviors such as religiosity and having a stable job.

According to Jessor (1987), risk-taking behaviors arise from an interaction between the
individual and the environment, between the personality and perceived environment
systems. There are three constructs within the personality system: a motivational
construct, a personal beliefs and a personal control construct. Studies show that the
probability of risk-taking behavior increases when a low value is placed on grades, a high
value is placed on independence, there are low expectations about achieving desired
objectives, greater social criticism, low self-esteem, external locus of control, greater
tolerance for deviance, lower religiosity, and dominance of the utility of risk-taking over
its disutility.

The perceived environment system encompasses environmental features that may be
perceived and encoded by the person. Globally, it was observed that individuals are more
prone to engage in risk-taking when there is low family control and support, low
compatibility between family and peers, high peer influence, low family disapproval of
risk-taking behaviors and strong peer support and peer models for these behaviors.

The PBT has been used to explain risky-driving (Jessor, Turbin and Costa, 1997; Jonah,
1990a; Jonah and Dawson, 1987; Moller and Gregersen, 2008; Swisher, 1988; Wilson
and Jonah, 1988). Jessor, Turbin and Costa (1997) note that dangerous driving is
positively correlated with other norm-transgressing behaviors such as delinquency,
alcohol abuse and cannabis use, and that these behaviors are influenced by personality
traits and a social environment that encourages deviancy. Donovan et al. (1983),
Donovan (1993), and Hedlund (1994) emphasize that risky-driving behaviors are
correlated with each other, implying common utility. Jonah (1990a), Jonah and Dawson
(1987), and Yu and Williford (1993) observe that high-speed driving, following too
closely, illegal passing and failure to signal intentions are the most commonly interrelated
behaviors. Note that these are core aggressive driving behaviors.
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Jessor, Turbin and Costa (1997) validated certain aspects of the PBT when they observed
that behavioral and psychosocial unconventionality is a predictor of dangerous driving.
Unconventionality was reflected in a set of high-risk behaviors such as cannabis use,
alcohol abuse, unsafe sex and delinquency. The authors noted that the more these
behaviors are present, the greater is the likelihood of dangerous driving.

These authors also observed a linear reduction in high-risk behaviors between the ages of
18 and 25, which they explain by the fact that unconventionality drops off as one
matures. Note that the instrument used by Jessor et al. (1997), the Young Adult Driving
Questionnaire, was developed by Jessor and Jessor in 1977, and modified by Jessor et al.
in 1991. This instrument includes questions that measure aspects of personality,
perceived social environment and certain self-reported behaviors.

Wilson and Jonah (1988) carried out a study on a sample of 935 subjects (average age 35)
in order to observe the relationships between PBT components and risky-driving amongst
an adult population. The results show that risky-driving is indeed an integral part of a
system of problem behaviors that is influenced by the personality system and the
perceived social environment. The system most directly related to risky-driving was the
behavioral system, followed by the personality system and perceived social environment.
The authors mention that contrary to what was observed by Jessor, the personality system
explained twice the variance explained by the perceived social environment. They noted
further that the most powerful factors in the personality system were thrill seeking and
aggressiveness, two variables not found in Jessor’s formulation. The authors concluded
that the theory predicts risky-driving and can also be useful in predicting its
consequences, both legal (violations) and physical (crashes) in an adult population.

Moller and Gregersen (2008) confirmed the relationship between risky-driving and a
risk-oriented lifestyle in which dangerous activities serve a psychosocial function. They
concluded that drivers not only need to master the skills necessary for handling the
vehicle and reading the traffic, but that they also need skills to handle the influences from
motives stemming from their lifestyle and that can impact on the safety of their driving.
Example of such would be learning to control the impulse to let off steam through driving
behavior or resisting the motivation to gain social status among peers through driving.
Globally, there is a need to increase drivers’ awareness of these social influences on their
driving style and their safety. This could be done via peer group interventions.

2.2.3.2 Psychosocial approach: the theory of planned behavior

The Theory of Planned Behavior (TPB) formulated by Ajzen and Fishbein (1980) is the
other central psychosocial approach to risk-taking. The theory is largely based on the
importance of subjective social norms that are present in a specific environment, among
individuals that share various key characteristics, i.e. young adults, or CMV drivers. As
shown in Figure 15, Ajzen and Fishbein (1980) and Ajzen (1991) propose that the
immediate determinant of behavior is the intention of the individual to engage in that
behavior. Intention is in turn predicted by attitudes toward the behavior as well as
subjective norms and perceived behavioral control (PBC).
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In brief, attitudes reflect the positive or negative value associated with the behavior,
subjective norms are defined as the perceived social pressures to engage in the behavior
and the PBC is an estimate of the ease of engaging in the behavior, reflecting past
experiences as well as anticipated impediments and obstacles.

In general, the greater the positive value associated with these parameters (attitudes,
subjective norms, PBC), the greater the intention to engage in the behavior and the
greater the probability that the behavior will occur. Note that all these factors can be
assessed with a simple questionnaire. It is therefore possible to evaluate, for an individual
or a group of persons, whether they are likely to produce the behaviors and why. This has
implications both in terms of driver assessment and for the development of interventions.
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Figure 15: Theory of Planned Behavior (Ajzen, 1991)

Each of the three determinants of behavioral intention is influenced by various beliefs.
Attitudes are influenced by beliefs about the consequences of the behavior and the
importance assigned to these consequences. Subjective norms are influenced by the
person’s normative beliefs, i.e. an assessment of the opinion of peers about the behavior.
These beliefs are reinforced by the motivation to act in conformance with the opinion of
others. PBC is influenced by beliefs about control, i.e. the individual’s perceptions of the
presence or absence of factors that could impede the behavior. These beliefs are
modulated by the perceived strength of these control factors in inhibiting or facilitating
the behavior. Again, all of these predictors of intention can be assessed within a specific
group in order to predict the likelihood of risk-taking behaviors and associated negative
consequences. Beliefs are also suitable targets for interventions, as will be seen later.

Rothengatter (2002) notes that the TPB has been successfully applied to most dangerous
driving behaviors. Numerous studies have indeed consistently demonstrated significant
relationships between the theory and risky-driving (Beck, 1981; Elliott and Baughan,
2003; Elliott, Armitage and Baughan, 2005; Elliott and Thomson, 2010; Forward, 1997;
Forward, 2009a; Forward, 2009b; Grube and Voas, 1996; Marcil, Audet and Bergeron,
1999; Marcil, Bergeron and Audet, 2001; Paris and Van den Broucke, 2007; Parker and
Manstead, 1996; Parker et al., 1992a; Parker et al., 1992b; Parker et al., 1995; Parker,
Lajunen and Stradling, 1998; Poulter et al., 2008; Rothengatter, 1994; Rutter et al. 1995;
Simsekoglu and Lajunen, 2008; Yilmaz and Celik, 2008; Wallen Warner and Aberg,
2006; Wallen Warner and Aberg, 2008; West and Hall, 1997, Yagil, 1998).
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An in-depth review of this literature is not needed here, however examples of the types of
relationships brought forward by studies using the TBP to analyze risky-driving
behaviors are provide below:

e Elliott and Baughan (2003) observed that attitudes, subjective norms and PBC are
positively associated with behavioral intention to speed;

e Parker et al. (1998) found that beliefs and attitudes related to aggressive driving
scenarios are significant predictors of self-reported aggressive driving behaviors;

®* Moyano (2002) noted that younger drivers have more positive attitudes than older
ones toward dangerous behavior. Younger drivers’ subjective norms regarding
these behaviors are less inhibitory. Further, they have less control over behavior,
more positive intention to commit violations and report more dangerous behaviors
and more serious errors and lapses of attention;

¢ In astudy of impaired driving among youth, Grube and Voas (1996) observed that
impaired driving and riding onboard a vehicle driven by an intoxicated driver are
predicted by expectations concerning associated physical risks, subjective norms
regarding peer disapproval of the behavior, perception of control with respect to
the ability to avoid behaviors, and self-reported drinking;

¢ In a study of self-reported speeding, Marcil et al. (1999) noted that the intention to
exceed the speed limit is predicted by attitudes and perceived behavioral control.
In a comparable study, Marcil et al. (2001) observed that the intention to drive
while under the influence is predicted by attitudes and perceived behavioral
control and to a lesser extent by the subjective norm;

e Other authors have also observed that attitudes about risky-driving are significant
predictors of the intention to engage in such behavior and that they are also
significantly correlated with crash risk (Assum, 1997; Parker et al., 1995;
Rothengatter and Manstead, 1997).

According to Elliot, Armitage and Baughan (2005), in order to persuade drivers to
comply with road regulations, it is necessary to understand the mechanisms by which
these behaviors are influenced. The authors underline that the TPB is the most significant
account of behavior in social psychology and has much to offer in terms of the
development of remedial interventions. They conducted a study to identify the beliefs at
the root of attitudes, subjective norms and PBC that most strongly predict behavioral
intentions and that represent legitimate targets for countermeasures. These results will be
discussed in the upcoming section on interventions.

Yilmaz and Celik (2008) point out that attitude is one of the most important concepts
related to driving behavior. Like motivation, it has a significant impact on driving style
and risk-taking. The authors note that in the context of the TPB, the results of behaviors
are rationally considered before behavior is even attempted. Individuals’ intentions can
therefore be investigated and behaviors predicted. Furthermore, according to these
authors, if behaviors are to be modified, their underlying beliefs and attitudes should first
be evaluated and changed.

Human Factors in the Motor Carrier Industry in Canada 114



Forward (2009a) recalls that of the three categories of human errors associated with
crashes (violations, errors and lapses), violations represent the most important causal
factor and the highest priority for interventions aimed at driver behavior. She observed
that the TPB is the most widely used approach to develop an understanding of what
predicts these behaviors. Forward (2009b) indeed used the TPB in order to assess what
specifically motivates drivers to commit violations. The detailed assessment of the
psychological factors involved in the theory enabled her to make specific
recommendations in terms of intervention development. These will be reviewed in the
upcoming section on interventions. In brief, Forward’s analyses showed that there are
significant differences between those who intend to commit violations and those who do
not, with respect to: beliefs about the consequences of behaviors (speeding is seen as
emotionally rewarding and overtaking is based on a denial of negative consequences),
normative beliefs associated with the behavior (male violators receive greater consensus
from man of same age) and perceived behavioral control (violators perceive less risk).

Poulter, Chapman, Bibby, Clarke and Crundall (2008) applied the TPB to develop an
understanding of truck drivers’ risky-driving behaviors and compliance with CMV
regulations. The authors first acknowledged that while road crashes are at the top of
work-related fatalities, very little has been done to explore the human factors underlying
risky-driving behaviors for professional drivers, compared to the amount of research
dedicated to the same issue for the general driving population. The authors observe that
while CMYV drivers share some of the risks faced by other road users, they also have their
own characteristics and risks that require specific attention. Accordingly, they conclude
that there is a need to identify psychological precursors of behavior in order to help
inform future interventions with CMV drivers that are aimed at reducing risk and crash
involvement. They suggest that the TPB is the best tool to achieve these objectives since
it generates an understanding of why drivers do or do not engage in risky behaviors by
providing a measure of their attitudes towards the behavior, the perceived social pressure
associated with the behavior, and the level of confidence in controlling the behavior.

In their study, Poulter et al. identified two principal factors underlying CMV crash
causation: inappropriate driving behaviors (violations) and non-compliance with CMV
regulations. As reviewed earlier, Sullman et al. (2002) indeed observed that violations
were related to crashes for CMV drivers, Murray et al. (2005) found a 325% increase in
crash risk for CMV drivers who committed violations for reckless driving in the past and
in the UK, an out-of-service rate of 22.1% was observed on 465,000 roadside inspections,
with HOS and overloading violations being the most prevalent issues indentified. The
authors therefore opted to investigate both these problems with the TPB.

The results indicate that both categories of behaviors are explained by different sets of
interactions between TPB predictors. As can be seen in figure 16, the intention to respect
traffic laws (relates to violations) has a direct and significant effect on actual behavior
(.30), followed by subjective norms (.17) and PBC (.15). Note that as expected attitudes,
subjective norms and PBC all predicted intention. According to Poulter et al., these data
indicate that drivers who intend to obey the law are more likely to report driving within
the law. Also, the direct effect of subjective norms on behavior implies that a strong
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perception that peers expect them to obey traffic laws leads directly to greater driver
obedience. As for PBC, the easier drivers find it is to obey traffic laws in the context of
their job, the more likely they are to follow them.

SUBJECTIVE NORM
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Figure 16: Predictors of adherence with traffic laws (Poulter et al., 2008)

Figure 17 illustrates the results with regards to compliance with CMV regulations. As
shown, PBC has a strong direct relationship with self-reported compliance behaviors
(.43), implying that the more a driver thinks he has control over his work, the more he is
likely to comply with CMV regulations. Unlike analyses pertaining to adherence with
traffic laws, subjective norm did not have a direct effect on compliance with CMV
regulations. Poulter et al. observe that compliance therefore appears to relate to whether
or not drivers feel they can actually comply, rather than to what they think about
compliance per se. However, as expected, subjective norms, attitudes and PBC are all
directly related to behavioral intentions. The implications of both sets of analyses for
interventions, especially in terms of addressing carriers’ safety culture, will be addressed
later.
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Figure 17: Predictors of compliance with CMV regulations (Poulter et al., 2008)
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2.2.3.3 Personality

Ever since the first studies on human factors in road safety, researchers have attempted to
explain why some drivers have a higher propensity for crashes. Farmer and Chambers
introduced the term accident proneness back in 1939, underlining that a large number of
crashes are caused by a small number of individuals who have specific personality
features. Tilman and Hobbs’ (1949) view that “a man drives as he lives” captures the
essence of this concept. At that time, researchers tried to identify the characteristics of
accident-prone drivers in order to (1) predict crashes, (2) make decisions about
individuals or groups, and (3) develop targeted interventions. This work did not produce
satisfactory results at the time, and the idea that personality factors are sufficient to
statistically predict crashes has been deemed as inadequate (Ulleberg and Rundmo,
2003). More recent studies however do show that personality factors are weakly but
consistently associated with crashes and that they should be included in an efficient and
comprehensive approach to driver assessment. As noted by Chen (2009), Machin and
Sankey (2008), Schwebel et al., (2006) and Sommer et al., (2008), new advances in
behavioral research and traffic psychology indeed open the way for innovative
interventions where the assessment of drivers’ personality could play a central role.

Rothengatter (2002) authored a significant discussion on the relevance of various
psychological approaches used in road safety, focussing mainly on control and attitudinal
models as well as on the personality traits approach. In brief, he observed that control
models might not be sufficiently precise to be used for the development of
countermeasures while models based on attitudes have proven to be powerful for
identifying motivational factors in risk-taking. However, in his view, an approach based
on personality traits would be the most promising psychological theory to address driving
behavior. He illustrates his thinking by referring to the optimism bias that negatively
influences risk perception among young drivers, suggesting that the assessment of such a
trait could provide a basis for specific kinds of training aimed at reducing risky-driving.
Accordingly, the personality approach could therefore have direct implications for
improving road safety.

Stimer (2003) developed a contextual model accounting for the role of personality traits
in dangerous driving (see Figure 18). According to this model, personality factors have a
distal (indirect) association with crashes, however they are directly associated with
proximal factors such as driving style, risk-taking and drinking, which are directly related
to crashes, as thoroughly demonstrated in the literature. Note that the personality traits
identified by Stimer are sensation seeking, aggression, and psychological symptoms
associated with psychopathology and antisocial personality.

Siimer’s (2003) empirical study supports the assertions underlying this model. The data
show that personality traits predict proximal variables and that aberrant driver behaviors
(risk-taking) are empirically associated with crashes. This implies that the personality
variable (sensation seeking, aggression, psychological symptoms) has an impact on
crashes through its influence on actual driver behavior.
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Figure 18: Contextual model of dangerous driving (from Siimer, 2003)

This contextual model has implications in terms of driver assessment. Measuring
personality traits would be relevant because of their association with risky-driving and
because personality defines the utility, or meaning of these behaviors for specific groups
of drivers. However, the results also imply that such assessment should be complemented
by observations of driving style, or driving behaviors per se. These observations can be
made through self-report questionnaires, drivers’ records, data from on-board monitoring
systems, use of driving simulators, etc. Note however that this contextual model does not
include attitudes or risk perception processes, which should be included in a more
comprehensive analysis (a view that is actually shared by Stimer, conversation held at the
International Conference on Traffic and Transport Psychology, Nottingham, 2004).
According to Chen (2009) as well as Ulleberg and Rundmo (2003), attitudes indeed act
as mediators of the relationship between personality and dangerous driving. A plausible
causality chain  could therefore include, from distal to  proximal:
personality/attitudes/risky-driving/safety outcomes. However, this relationship is
certainly not linear, and further thinking needs to be done, for example on the nature of
the links between risk perception and each one of these components.

For the past 30 years, a number of authors have sought to establish typologies of high-
risk drivers (see for example Donovan et al. 1988; Fernandes, Job and Hatfield, 2007;
Ulleberg and Rundmo, 2003; Wells-Parker, 1986; Wilson, 1991). Looking at the overlaps
among these typologies, Beirness and Simpson (1997) suggested three subgroups, each
being characterized by specific personality traits that define the utility of risky-driving.
These subgroups are (1) sensation seekers, (2) aggressive/hostile drivers and (3) heavy
drinkers. A comprehensive review of literature on the subject performed by Bergeron and
Thiffault (2001) for the government of Quebec confirms the relevance of this
classification, while Dahlen et al. (2005) as well as Schwebel et al. (2006) bring further
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empirical evidence to it. The working hypothesis that can be drawn from the scientific
literature is therefore that sensation seeking and aggression are dominant characteristics
of high-risk drivers. Drinking is also important and is a third major source of risky-
driving, however with minimal impacts in the motor carrier industry, as suggested by the
results of the LTCCS. Impulsiveness, which is linked to both sensation seeking and
aggression, is significant as well.

It should also be noted that the process of establishing typologies like these has clear
limitations. The heterogeneity of the general population also finds expression within a
specific typology, with non-exclusive combinations of personality traits and attitudes
where all configurations are possible. The goal therefore should not be to rigidly
categorize high-risk drivers but rather to identify personality features that assign different
utilities to dangerous driving. Instead of saying that there are sensation seekers on the one
hand and aggressive drivers on the other, it would be better to consider that sensation
seeking and aggression both underlie dangerous driving, but for different reasons. It then
becomes possible to inform the development of intervention strategies that consider the
meaning of risky-driving for those who are actually doing it in order to improve road
safety (Fernandes, Job and Hatfield, 2007, Lonczak et al., 2007). Indications as to what
these interventions could be will be presented in the upcoming section on interventions.

2.2.3.3.1 Sensation seeking

Sensation seeking, a concept put forward by Zuckerman (1979, 1983), is a personality
trait that involves a tendency to seek out new, complex, varied and intense sensations and
to take physical, social, legal or financial risks simply for the gratification associated with
these activities. The concept is composed of four factors: (1) thrill and adventure seeking
—TAS (attraction to excitement and challenges), (2) experience seeking — ES (looking for
new and unconventional experiences, (3) disinhibition — Dis (loss of control), and (4)
boredom susceptibility — BS (intolerance to monotonous and predictable situations).

Central to the concept is a tendency to search for new stimulations and to explore the
environment, as well as intolerance for repeating past experiences. These two factors are
particularly important when looking at risky-driving: a desire for thrills and excitement
may give rise to dangerous behaviors that will increase crash risk, while boredom
susceptibility may lead to hypovigilance, fatigue and risky behaviors that could be
adopted in order to compensate the lack of stimulation (Rosenbloom and Wolf, 2002;
Thiffault and Bergeron, 2003a, Thiffault and Bergeron, 2003b). Sensation seeking can
therefore be related to both recognition errors (hypovigilance, fatigue) and decision errors
(risky-driving).

According to Burns and Wilde (1995), Donovan et al. (1986), Furnham and Saipe (1993),
Moe and Jenssen (1993) as well as Rimmo and Aberg (1999), the relationship between
crashes and the sensation seeking scale (SSS) is not particularly strong. Rimmé and
Aberg (1999) explain that while many studies have been done to establish relationships
between personality and crashes, success has been modest, and only 5 to 10% of the
variability is usually explained. The authors also observe that procedures for measuring
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personality (self-reports) and crashes (police reports) are both subject to errors. They
further note that crashes may have multiple causes, which implies that a single predictor
can measure only a small portion of the variance in terms of causality. Also, given that a
crash can be seen as the outcome of a lengthy chain of events — where personality is just
the first link — it is important to include relationships amongst the other links when
attempting to understand the role of personality. Furthermore, as noted by Stimer (2003),
the rather distal relationship of personality with crashes does not disqualify it as a
significant factor to consider in road safety. The use of other safety proxies such as
driving style or violations confirms this assumption. It is now widely understood that the
role of personality is mediated by attitudes and driving style and that it is therefore an
essential component of the big picture.

As was said, sensation seeking influences attitudes, driving style and risk-taking, which
are associated with crashes. The measurement of attitudes and actual risk-taking
behaviors therefore complements the assessment of personality traits and all these
parameters need to be observed for a comprehensive and systemic evaluation of drivers’
risk. Such an assessment would without a doubt generate more predictive power, and
more meaningful predictions, than either one of these predictors taken in isolation. The
phenomenon under study is complex, systemic and articulated, and the methods used to
address it need to account for this complexity.

The relationship between sensation seeking and factors associated with dangerous driving
or violations, which are both clearly linked to crashes, is thus stronger than the direct
relationship that is observed between sensation seeking and crashes per se (Dahlen et al.,
2005; Rimmo, 2002; Schwebel et al., 2006). In a literature review of over 40 studies on
the issue, Jonah (1997) indeed noted that the majority of studies show a positive
relationship between sensation seeking and dangerous driving, with correlations of the
order of 0.30 to 0.40, depending on gender and on how risky-driving is being measured.
Jonah observed that thrill and adventure seeking was the strongest subscale.

Sensation seeking is the factor that has most often been associated with risky-driving. It
has been related to drunk driving (Arnett, 1990, 1991, 1996; Donovan and Marlatt,
1982; Donovan et al., 1986; Farrow et Brissing, 1990; Lastovicka, Murry, Joachimstaler,
Bhalla & Scheurich, 1987; Little & Robinson, 1989; McMillen, Smith & Wells-Parker,
1989; McMillen, Pang, Wells-Parker, & Anderson, 1992; Stacy, Newcomb & Bentler,
1991; Vingilis, Stoduto, Macartney-Filigate, Liban & McLellan, 1994; Wieczorek, 1995;
Wilson, 1990; Yu & Williford, 1993), to speeding and careless driving (Arnett, 1996;
Burns & Wilde, 1995; Clement & Jonah, 1984; Furnham & Saipe, 1993; Horvath &
Zuckerman, 1993; Moe & Jenssen, 1993, 1995; Zuckerman & Need, 1980) and to other
dangerous behaviors such as failure to wear seat belts, weaving in and out of traffic,
and competitive driving (Arnett, 1991, 1996; Burns et Wilde, 1995; Furnham & Saipe,
1993; Homant, Kennedy & Howton, 1993; McMillen et al., 1989; Wilson, 1990). More
recently, Iversen and Rundmo (2002) as well as Schwebel et al, (2006) noted a significant
relationship between sensation seeking and self-reported dangerous driving. All in all,
these studies tell us that sensation seekers are clearly a high-risk population that should
be targeted with interventions.
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2.2.3.3.2 Aggressive driving

Lawton, Parker and Stradling (1997) conducted a study to identify the motivations
underlying self-reported risky driving behaviors. Factor analysis indicated that risky
driving behaviors can be divided into two major categories: instrumental behaviors
associated with thrill-seeking, such as speeding, and emotional behaviors associated with
affect, such as aggressive, hostile or antisocial driving. After having reviewed the
concepts of sensation seeking and thrill seeking, the following section will therefore
focus on the other type of psychological factor associated with risky behavior, namely
psychosocial and emotional phenomena related to social interactions on the road,
especially aggression, hostility and antisocial tendencies.

In recent years, the phenomenon of road rage has been vastly discussed in the media.
Sensational coverage of road assaults has led the media to depict the situation as a road
rage epidemic. Because there is little scientific evidence for such an assertion, some road
safety researchers reacted by refuting the problem as a whole. However, by doing so,
they somewhat trivialized the dangers associated with aggressive driving actions
routinely committed by drivers.

It therefore quickly became clear that there was a need to distinguish road rage episodes
(assaults and battery, criminal act - low impact on road safety) from aggressive driving
behaviors, which are omnipresent on the road, are associated with crashes and have a
significant road safety impact. The result of this debate is that aggressive driving is now
acknowledged as a very significant risk factor for road fatalities and injuries and that
numerous researchers worldwide are currently attempting to articulate strategies to deal
with the problem.

In a review of literature on the issue, Bergeron, Thiffault and Smiley (2000) confirmed
the presence of conceptual problems between road rage and aggressive driving and
articulated an operational definition of aggressive driving. In brief, they observed that
aggression is a fundamental human emotion that manifests in all forms of social
interaction, including driving, and that it is recognized as a significant predictor of
dangerous driving and crashes. They explain that the experience of aggression leads to
psychophysiological changes that may interfere with driving (stress, arousal,
hypervigilance, information processing problems, increased mental load, impulsiveness,
etc.) and also gives rise to competitive and hostile overt driving behaviors that increase
crash risk. In contrast, they define road rage episodes as anecdotal consequences of
aggressive driving which do not represent a significant public health issue (see Figure

19).
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Bergeron, Thiffault and Smiley (2000) propose the following operational definition of
aggressive driving:

General definition

Aggressive driving implies interactions between two or more individuals; it refers to
dangerous, intimidating, competitive or impulsive driving manoeuvres, to the emotional
experience of the drivers involved and to the expression of that emotional content.

Specific components

e The most frequent aggressive driving manoeuvres are: tailgating, weaving in
traffic, unsafe passing, passing on the right, competitive speeding, failure to yield,
and failure to signal.

e The drivers’ emotional experience is defined by irritation, frustration,
aggressiveness, hostility and in some cases impulsiveness.

e The verbal and non-verbal expression of emotions includes insults, obscene
gestures, facial expressions, eye contact, body language, improper use of high-
beams, immoderate horn sounding, as well as certain modifications in the driving
style that express a driver’s emotion.

This definition provides a suitable basis for an operational definition. It refers, in a
general manner, to intimidating, competitive and dangerous driving manoeuvres, which is
not restrictive. It then identifies benchmarks for outside observers by specifying precise
driving behaviors. It also adds an essential dimension by referring to the emotions that
accompany aggressive driving and to the modes of expression of these emotions. This
definition, therefore, covers the whole field of aggressive driving by including all
components of this phenomenon that have already been linked with dangerous behaviors,
violations and crashes in the context of scientific studies. It also has implications in terms
of measurement and remedial action.

According to Stimer (2003), aggression is one of the two main personality traits that
influence risk-taking and driving style. There has been a large quantity studies on the
issue (e.g. Beck et al., 2006; Beirness and Simpson, 1997; Bliersbach and Dellen, 1980;
Deffenbacher et al., 1994; Donovan et al., 1990; Ellison et al., 1995; Glendon et al.,
1993; Gulian et al., 1989; Harding et al., 1998; Hauber, 1980; Hemenway and Solnick,
1993; Hennessy and Wiesenthal, 1997; Hennessy and Wiesenthal, 2005; Jonah et al.,
1997; Kenrick and MacFarlane, 1986; Lawton, Parker and Stradling, 1997; Lynch et al.,
1995; Lowenstein, 1997; Marsh and Collett, 1987; Matthews et al., 1998; Matthews et
al., 1999; Novaco, 1991; Paleti et al., 2010; Simon and Corbett; 1996). The work by West
et al. (1993) and by Lawton, Parker and Stradling (1997) has shown that mild social
deviance, as measured by the Social Motivation Questionnaire, is also related to
violations and crashes.
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There is no need here for a full and comprehensive review of the literature on the issue,
however examples of what researchers have observed are listed below:

e Aggression has been identified as a major source of risky-driving (Beirness and
Simpson, 1997; Lawton, Parker and Stradling, 1997; Deffenbacher et al., 1994);

¢ In a study carried out with the Driver Behavior Inventory, Matthews et al. (1999)
report that aggression is the best predictor of crashes and violations. Matthews et
al. (1991, 1997; see Matthews et al., 1998) observed a relationship between
aggression and involvement in crashes in British, American and Japanese drivers;

e Simon and Corbett (1996) compared a group of high-risk drivers to a control
group and found that regardless of age, sex or crash record, drivers with many
violations are significantly more aggressive than drivers with few violations;

e Ulleberg and Rundmo (2003) observed influences of personality traits
(aggression, altruism, anxiety and normlessness) on dangerous driving. They
pointed out that these influences were probably indirect (distal) and modulated by
attitudes which themselves have a direct influence;

e Jverson and Rundmo (2002) noted that aggression is a significant factor in
explaining dysfunctional reactions on the road. Drivers who reported more
aggression when driving engaged in more risky behavior and had more crashes;

e Miles and Johnson (2003) revealed the extent of aggressive driving in the United
States and related Type-A personality to this behavior. They also distinguished
road rage from aggressive driving;

e Ulleberg (2002) noted that sensation seeking is the personality trait most often
evoked to explain dangerous driving, but that social deviance, hostility,
aggression, impulsiveness, quality of emotional adjustment and low altruism have
also been related to risk-taking and involvement in crashes;

e Wells-Parker et al. (2002) pointed out that there is a great deal of empirical
evidence to the effect that aggressive tendencies are associated with crash risk;

e Deffenbacher et al. (2000) found relationships between aggressive driving,
violations and crashes: aggressive drivers engage in 1.5 to 2 times more high-risk
driving behavior and have more near-misses, loss of control and crashes;

e Shinar and Compton (2004) report that aggressive driving is identified as the most
important road safety problem by 39% of respondents in the U.S. (see Bureau of
Transportation Statistics, 2000). Citing various authors, they note that male
drivers are more aggressive than females and that young drivers are at higher risk.
Their results also suggest that congestion and time pressure are key situational
factors, and that their effects is mediated by the value of time to the driver; with
congestion during the afternoon rush hour having more impact than the same
degree of traffic density later in the evening;

® Houston, Harris and Norman (2003) related aggressive driving to hostility, hyper-
competitiveness, aggressive thoughts and negative emotions while driving. They
developed an 11-item scale (the Aggressive Driving Behavior Scale), which
measures aggressive driving correlated with these dimensions. After testing the
scale on a sample of 200 drivers, they noted that the data reveal two principal
factors (speeding and conflict behavior) that are positively correlated with all four
dimensions. They suggest using the scale for research and self-evaluation.
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A question that arose from the public debate on road rage is whether aggressive driving is
on the increase. Since there are no well-established operational definitions or objective
measures of these behaviors (Dulla and Geller, 2003), it is hard to assess their prevalence,
let alone changes in prevalence. Whether the phenomenon is increasing or not however is
not the key issue. The important conclusions stemming from the literature is that
aggression is a basic human emotion that manifests on the road where it may interfere
with driving performance and engender dangerous driving actions. As noted, numerous
studies have associated aggressive driving with risk-taking, violations and crashes. This
dimension of personality should therefore be included in any driver assessment procedure
and it is of high-value for interventions, examples of which will be addressed in the
following section on interventions aimed at decision errors.

2.2.3.2.3 Type-A personality

Tay, Champness and Watson (2003) noted that while sensation seeking is an established
predictor of risky-driving, few studies have considered the contribution of type-A
personality. The authors observe that the utility of risky driving behaviors such as
speeding is determined by personality traits, which should be taken into consideration
when designing interventions. For example, they outline that drivers’ decision to engage
in risky-driving is based on a form of cost/benefit analysis; while increases in costs (e.g.
fines for speeding) may have significant impacts on the decision to speed, the evaluation
of the benefits of speeding, which depend on personality, is also very influential. A
sensation seeker will assign a greater benefit to speeding and will therefore be more
willing to drive fast in order to satisfy his need for excitement. A low sensation seeker
will not see these benefits as the evaluation will be dominated by potential costs and thus
will be less willing to drive fast.

Therefore, according to Tay, Champness and Watson (2003), speed does not have the
same type of attraction for people with type-A personalities that it does for sensation
seekers. Type-A individuals are competitive; they have feelings of time urgency and
aggressiveness, but not necessarily a need for stimulation or an aversion to monotony.
Studies indicate however that type-As also take more risks at the wheel, have more
violations and crashes, drive more erratically, and report more aggressive driving and
speeding than the rest of the population (Perry & Baldwin, 2000; West, Elander, &
Fench, 1993; Evans, Palsane, & Carrere, 1987; Shahidi, Henley, Willow, & Furnham,
1991; Perry, 1986). However, according to Tay et al., dangerous driving by type-As does
not arise from thrill seeking and this has implications in terms intervention design.

In their 2003 study, the authors observed the relationships between type-A personality,
sensation seeking and self-reported driving behavior in a sample of 139 drivers. They
found positive correlations between speeding and sensation seeking (r = .275, p< .001)
and between speeding and type-A (r = .235, p < .006). The data also show that sensation
seeking declines with age, whereas type-A remains constant. The authors concluded that
sensation seeking would be a somewhat better predictor of speeding, especially in young
drivers, but that type-A personality should also be considered in driver assessment since
it is associated with risk-taking, crashes and violations, although based on different
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motivations than sensation seeking. The authors point out that this type of personality is
probably more open to attempts to change driver attitudes and that a variety of treatment
programs and stress management exercises are already available for type-As.

2.2.3.2.4 Locus of control

Another personality factor that has been related to dangerous driving is the concept of
locus of control. It should however be mentioned that the results of this line of research
are rather inconclusive. Locus of control reflects an individual’s perception of the control
over the events in his/her life. “Internals” have the feeling that they control events, while
“externals” feel that it is generally others who are in control and that events are governed
by external factors (Rotter, 1966). Some authors (Gore and Rotter, 1963; Higbee, 1972;
Horswill and McKenna, 1999; Klonowitz and Sokolowska, 1993), suggest that internals
tend to take more risks because they have a feeling of greater control over what happens
to them, while others (DuCette et Wolk, 1972; Hoyt, 1973; Janicak, 1996; Phares, 1978;
Salminen and Klen, 1994; Terry Galligan and Conway, 1993; Williams, 1972), submit
that externals take fewer precautions when driving because they think crashes are caused
by external agents. The two situations are however not mutually exclusive. In a recent
study, however, Iversen and Rundmo (2002) did not find any relationship between
external locus and dangerous driving or self-reported accidents. Finally, it is worth noting
that this dimension can be linked to the PBC concept, as understood in the TPB.

2.2.3.2.5 Personality and driving style

Taubman-Ben-Ari, Mikulincer and Gillat (2004) developed a scale to identify driving
styles. The scale is of interest because it measures factors directly related to driving and
therefore in a proximal relationship with violations and crashes, and because it assesses
personality dimensions that are involved in risk-taking. This is consistent with the
findings of West and Hall (1997), Rimmo and Aberg (1999) and Siimer (2003), for whom
the effect of personality traits on the probability of being involved in a crash is based on
their impact on driving style. Observation of driving style is thus important when
attempting to explain or predict crashes.

After analysing existing scales used to assess driving behavior, the authors hypothesized
that driving styles can be integrated into four broad dimensions: (1) reckless and careless
driving, (2) anxious driving, (3) angry and hostile driving, and (4) patient and careful
driving. They developed the Multidimensional Driving Style Inventory (MDSI), a 44
items instrument that measures these four dimensions. It was administered to 328
subjects. Analysis revealed eight factors, explaining 55% of the variance.

Factor 1 (explaining 20% of the variance), called dissociative driving style, includes eight
items reflecting the tendency to be easily distracted and to make distraction-related errors
while driving. Factor 2 (10% of the variance), called anxious driving style, reflects the
tendency to feel distress, doubt and lack of self-confidence when driving. Factor 3 (6% of
the variance), called risky-driving, reflects the tendency to seek stimulation and risk and
to make risky-driving decisions. Factor 4 (5% of the variance), called angry driving style,
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reflects the tendency to feel hostility toward other drivers and to behave aggressively.
Factor 5 (4% of the variance), called high-velocity driving style, reflects the tendency to
drive fast and experience time pressure while driving. Factor 6 (4% of the variance),
called distress-reduction driving style, reflects the tendency to engage in relaxing
activities to reduce distress while driving. Factor 7 (3% of the variance), called patient
driving style, reflects the tendency to be polite toward other drivers and to display
patience. Finally, factor 8 (3% of the variance), called careful driving style, reflects the
tendency to be careful when driving, to plan the driving trajectory and to adopt a
problem-solving attitude towards driving-related problems and obstacles.

There are significant positive correlations among risky, high-velocity, angry and
dissociative driving styles. According to Taubman-Ben-Ari et al. (2004), this implies the
existence of a maladaptive way of driving, possibly associated with emotional
maladjustment, violations and crashes. These styles are inversely associated with the
careful and patient styles. ANOVAs reveal differences related to gender, with women
having significantly higher scores for dissociative and anxious driving styles and men
having higher scores for careful driving. It is also of interest to note that age is inversely
correlated with dissociative, angry, risky and high-velocity driving.

Also of interest are the relationships between the driving styles and personality factors
that may be indicators of emotional adjustment, as shown in Table 20.

Table 20: Correlations between driving style and personality (from Taubman-Ben-
Ari et al., 2004)

Pearson correlations between driving style inventory factors and person-
ality traits

MDSID factors Selfresteem MNeed for Sensation Extraversion
control secking
Drissociative — 0.3 R — .01 .1 — .23
Anxious — .05 — .08 —. 11 —om.22*
Risky —0.1 9% (RN I N — 002
Angry — .10 0.22* .13 .14
High-velocity —i.11 .13 .1 8+ 0.
Distress reduction 0.0 0] 0.0 ] DG
Patient i R — 0 — 05 —i1a
Careful .27 o117 — R .02
P DO,
=P = 0.001.

As shown, low self-esteem is related to dissociative and risky-driving; need for control is
related to careful and angry driving; sensation seeking is positively correlated with risky-
driving and negatively correlated with careful driving, and extraversion is related to
dissociative and anxious driving. Also, the number of self-reported crashes had a
significant correlation with scores for angry driving (r = .22, p< 0.01), risky-driving (r =
.35, p< 0.01) and dissociative driving (r = .26, p< 0.01), while being negatively correlated
with careful driving (r = -.23, p< 0.01). Partial correlations, controlling for age and
amount of driving, revealed that the number of violations was significantly and positively
correlated with risky-driving (r = .19, p< 0.01) and high-velocity driving (r = .22, p<
0.01).
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The authors conclude that MDSI scores predict involvement in crashes and violations.
Maladaptive styles such as risky and high-velocity driving contribute significantly to
such involvement, even when one controls for socio-demographic variables and
personality traits. It would therefore be of interest to consider using the MDSI when
preparing tests to predict dangerous driving.

Finally, Sommer, Herle, Hausler et al. (2008) made the distinction between ability and
personality determinants of driving, pointing out that both sets of determinants have been
related to driving but in separate theoretical conceptions. In order to clarify the roles of
these factors in the production of behavior, the authors refer to the three-level hierarchical
model of Michon (1985). In brief, they observe that personality traits such as social
responsibility, self-control, sensation seeking and willingness to take risks impact mainly
on the tactical level, where decision and cognitive processes adjust driving behavior to
task demands.

Also, according to Siimer et al. (2006) as well as Harré and Sibley (2007) better skills do
not necessarily correlate with safety, since skilled drivers tend to increase task demands,
thereby increasing the objective level of risk of their driving. These authors furthermore
warn about the potential negative effects of driver training that would only target driving
skills, and point to the need for also addressing driving style and promoting safety skills.

2.2.3.4 Risk perception

Sensation seeking implies that one engages in risky-driving behaviors in order to
experience the physiological changes that are associated with these activities
(Zuckerman, 1979). Risk-taking is then explained in large part by a motivational factor; it
is instrumental in reaching a valued psychophysiological state. Aggressive driving on the
other hand implies that dangerous driving can be related to the expression of an
uncontrolled emotional response. In both cases, risky-driving has a utility, it serves a
purpose. It may however happen that a driver exposes himself to dangers without being
fully aware of it, because of problems in understanding the risk of the situation
(Borowsky et al., 2009; Deery, 1999, Isler et al., 2009; Machin et al., 2008; Rosenbloom
et al., 2008; Sundstrom, 2008; Wallis & Horswill, 2007). Musselwhite (2006) conducted
a study on the social motivations and attitudes related to risky-driving. They observed
that drivers who took risk unintentionally did indeed form a significant group.

Risk perception is a central factor in the production of risky behaviors. According to
Deery (1999), it can be defined as the subjective experience of a person in a potentially
hazardous situation. Since the degree of difficulty of the driving task is in large part
determined by driver actions, this subjective experience, together with the individual’s
target (desired) level of risk, has a determining impact on risk management, driving
performance and actual safety (Horswill & McKenna, 2004).

Risk perception is a cornerstone of most risk-taking control models. It has previously

been shown that a faulty assessment of risky situations is associated with risky-driving
(Thiffault, 1991; Wilde, Robertson & Pleiss, 2002). Given that individuals base their
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behavior on perceived risk, a problem at this level alters the whole process of risk
management. The driver is not really taking risks per se, but is more exposed to hazards
because these are not properly perceived, and adapted to.

In this context, the explanation of risky-driving is therefore not motivational but rather
based on cognitive appraisal. This observation is important because it underlies two
different approaches to intervention; one seeks to change behavior by acting on
motivation, attitudes and emotions while the other focuses on cognition by means of
education and training. Renge (1998) as well as Finn and Bragg (1986) emphasize the
importance of clearly distinguishing these two causes of dangerous driving when
designing interventions.

According to Brown and Groeger (1988), Harré and Sibley (2007) as well as Tronsmoen
(2008), risk perception includes the evaluation of potentially risky situations but also the
evaluation by the driver of his own abilities to cope with perceived risk. Various studies
suggest that novice drivers have problems with both these evaluations. First, they have
more difficulty in perceiving hazards in the environment (Brown and Groeger, 1988;
Renge, 1980; Benda and Hoyos, 1983; Ogawa, Renge & Nagayama, 1993). Mourant and
Rockwell (1972) indeed found that their visual search patterns differs from that of more
experienced drivers in that they pay less attention to distant objects. McKnight and
McKnight (2000) also report that young drivers are less efficient in detecting hazards and
that their monitoring strategies are inadequate. McKenna and Crick (1991) as well as
Quimby and Watts (1981) observed that young drivers have longer latency times for risk
perception, and according to Quimby, Maycock, Carter, Dixon, & Wall (1984), latency
time is associated with higher crash rates.

Second, while younger drivers have limited experience, they tend to overestimate their
driving skills (Delhomme, 1991; Harré & Sibley, 2007; Liu et al., 2009; Matthews &
Morand, 1986; Sivak, Soler & Trankle, 1989; Williams, Paek & Lund, 1995). Partly
because of this tendency, they under-evaluate the probability of being involved in a crash.
It was shown that young drivers believe that they are less likely to have a crash than their
peers or older drivers. As a result, they are less careful and have greater exposure to
hazards (Finn and Bragg, 1986). It is important to note however that while younger
drivers have a higher tendency for overconfidence, this problem is not limited to them.
As discussed by Harré and Sibley (2007), many studies indeed indicate that most drivers
tend to consider themselves superior to their peers on numerous dimensions such as
driving skills, reflexes, judgment and safety. It is also widely understood that such
overconfidence, for the general driving population, is negatively correlated with safety.

Rothengatter (2002) points out that a number of different concepts have been put forward
to explain these phenomena. There is the concept of self-enhancement when a drivers
thinks he is better than others, either through inflatory self-assessment or deflatory
assessment of others. Rothengatter refers to Walton (1999), who suggested that this self-
enhancement is based on a need for self-justification, and to McKenna, Stanier and Lewis
(1991), for whom this optimism bias comes from the expectancy of positive outcomes
arising from illusory optimal control over the driving situation.
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Rothengatter refers to the explanation given by Summala (1997) and by Fuller (2000)
that novice drivers must learn to match their capabilities with the task demands. The
problem would be that capabilities increase during the learning process and that errors are
only rarely followed by a crash. There is therefore usually no negative feedback or
adverse events to warn drivers that they are in a situation where task demands have
exceeded their capabilities. This phenomenon would create an illusion of control and
therefore would generate a form of self-enhancement that can only be negative for safety.
Rothengatter argues that these processes are of interest for road safety since they can be
assessed, and since they are modifiable through specific training approaches.

It is interesting here to look back at the result of the Llaneras et al. (2005) study on CMV
drivers’ distraction. The data showed that CMV drivers perceive themselves as better
than light vehicle drivers at handling distracting activities while driving because they are
professional drivers, have more experience and know what to do. Safety officers however
revealed that this overconfidence might not be entirely justified since drivers held
misconception about when it is safe to use distracting devices. Also, even though they
believe that they are fully capable of managing distracting activities, 48% of CMV
drivers reported experiencing a close call while using a distracting device while driving.

The notion of overconfidence and how it relates to safety should therefore be carefully
addressed in the specific context of CMV drivers. As professional drivers, in control of
large and powerful vehicles, it is indeed possible that CMV drivers would become overly
confident in their abilities to cope with traffic situations. In this regard, Thomas and
Walton (2007, 2008) observed that SUV drivers possess a lower level of perceived risk
compared to light vehicle drivers, a condition that could potentially be exacerbated for
CMV drivers because of the nature of their vehicle relative to surrounding light-vehicle
traffic. The situation of risk perception for CMV drivers should be properly assessed
since understanding drivers’ mental processes is a critical part of planning interventions
(Harré and Sibley, 2007). There is a clear research gap here that should be addressed.

2.3 Decision errors: countermeasures and research needs

As briefly discussed earlier, Lonero and Clinton (1997), Lonero (2007) as well as Gielen
and Sleet (2003) noted the presence of a tension between passive safety strategies,
focused on developing safer roads and safer vehicles, and active strategies, aimed at
changing the way people drive. They observed that the passive safety paradigm has been
central in road safety for the last four decades, a situation which they attribute to the
weakness of former traditional behavioral interventions, as well as to the substantial
safety gains that were once easily achieved by equipping cars with better occupant
protection systems and building safer roads. The authors however note that the potential
for safety gains under the passive safety paradigm is progressively declining and that we
are still faced with an unacceptable situation regarding road fatalities. They quote
NHTSA former administrator Martinez (2000) who observed that the easy gains from
passive safety have been achieved and that additional gain from occupant protection and
safer roads is progressively becoming more difficult and more expansive.

Human Factors in the Motor Carrier Industry in Canada 130



Given the above, these authors emphasize that new active safety interventions, aimed at
changing driver behaviors, are becoming an essential component for a novel, more
comprehensive approach to road safety. As discussed by Lonero (2007), this situation is
even likely to evolve into a paradigm shift, moving from a field mainly centered on
passive safety to a more global approach where drivers are also seen as a significant and
workable part of the solution. Note that such a paradigm shift is already taking place in
the motor carrier industry in the United-Sates and Europe following recent crash-
causation studies where the extent of the contribution of driver errors to CMV crashes
was made very obvious. It is becoming clearer every day that governments and research
agencies are looking at driver-based interventions to address truck crashes. However, it is
also clear that these interventions will not replace passive safety developments, but rather
complement them, in a more systemic approach to the problem.

A close look at current trends with regards to interventions in the motor carrier industry
indeed shows that the passive safety approach still has the potential to provide significant
safety gains. Amongst other things, important progress has been made with regards to
crash avoidance technologies and driver assistance/monitoring systems. Looking at data
from the LTCCS, Hauser and Flannery (2008) demonstrated that recent technologies such
as roll stability control (RSC), lane-departure warning systems (LDWS) and forward
collision warning systems (FCWS) could have prevented or mitigated at least 19% of
truck driver errors related to physical, recognition and decision factors in the study
sample. ATRI (House et al. 2009, Murray et al. 2009a, Murray et al. 2009b) have also
demonstrated that the adoption of these technologies would be cost-efficient for the
industry.

Other technologies currently being developed such as on-board safety monitoring
systems (OBSM), fatigue-monitoring devices, electronic-on-board-recorders (EOBR) as
well as real-time distraction mitigation technologies, also hold great promises for safety
gains. Some of these technologies will be presented in a latter section. It is safe to say
that their adoption, or in some cases their further development and validation, will
undoubtedly be a key component of our recommendations to Canadian stakeholders.
Nevertheless, as pointed out by Lonero (2007), these passive safety strategies all have
driver behavior implications and should therefore be coordinated with complementary
active driver-based interventions.

The field of ergonomics and human factor engineering, focused on designing and testing
on-board telematics systems that respect human factors standards, also represents a
significant domain that needs to be emphasized and resourced. Given recent changes in
the driving task, created by an incremental and unregulated penetration of computer-
based applications and devices in the day-to-day experience of truck drivers, it is indeed
paramount that all forms of telematics be designed in order to be efficient with regards to
issues such as usability, mental workload, perceptual and attentional cost, etc.

However, even though the passive safety paradigm is still central for motor carrier safety
interventions, the continuing high prevalence of driver decision errors and their heavy
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contribution to crashes - even in the context of well-engineered trucks and roads -
substantiates the need to develop new innovative behavioral approaches to address these
issues directly. Again, the idea is not so much to shift the focus from passive safety to
behavior modification, but rather to complement the engineering approach with driver-
oriented strategies in order to maximize the scope of available interventions.

It was evident from the TRB 2010 FMCSA ART forum that the U.S. government is
considering unsafe driving as a top crash-causation factor and a priority for action. With
the new upcoming safety-rating framework (CSA-2010), FMCSA has developed a novel
strategy that will be more efficient in detecting and monitoring high-risk CMV drivers. It
is however apparent that a gap exists with regards to interventions that could be applied
to change the behaviors of these drivers. CSA-2010 will generate a more detailed safety
profile of drivers, but as of January 2010 the framework does not include the prescription
of adapted, scientifically sound, intervention strategies. A similar situation exists in
Canada; high-risk drivers may be identified trough the carrier safety-rating regime, but no
advances have been made with regards to driver-based interventions, at least from a
government perspective. It is one thing to detect high-risk driving and high-risk drivers,
but it is another to address these problems to prevent road crashes. It is therefore apparent
that driver-based interventions need to be developed, evaluated and implemented. Traffic
psychology and health promotion offer a vast body of evidence-based knowledge from
which they can be derived. It is time to seriously consider tapping into this knowledge to
develop and implement these interventions.

Considering the different determinants of risky-driving outlined above, there appears to
be clear opportunities to articulate interventions that will factor-in and/or target the
attitudes, personality traits, motivations and risk-perception skills of drivers. In some
cases such as driver assessment, the leads to follow are rather straightforward. In other
cases, such as the promotion of lasting attitudinal and motivational changes, there will be
further R&D needed. Note however that while such evidence-based and theory-driven
interventions may not have been developed yet, the science with regards to the basic rules
and principles that should be followed is readily available in the specialized literature
(Foss, 2007).

It is important to underline that the CMV driver population represents a specific target
that offers more opportunity for driver-based interventions, and better odds for success,
than that of the general population. Professional drivers have a social responsibility and
are subject to diverse monitoring/control mechanisms that are likely to encourage the
adoption of safer behaviors. When a driver deviates from this line of conduct, there are
numerous opportunities for both the company and the authorities to intervene. Also, since
a significant segment of the CMV population operates within organizations, much can be
done to change individuals’ attitudes and motives through company safety programs. For
example, recent developments in the areas of organizational safety culture, Safety
Management Systems (SMS) as well as behavior-based safety and incentive programs are
good indicators that the promotion of proactive safety attitudes and motivations is already
seen as a priority at the carrier level.
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2.3.1 Driver-based interventions

It is generally understood that although widely used and conceptually appealing,
interventions such as awareness campaigns, education and driver training tend to produce
marginal effects on actual driving behaviors. As stated before, given these alleged minor
effects, more focus was placed on passive safety and engineering approaches to address
road crashes. The idea was that rather than trying to change behavior, it could be more
efficient to change the nature of the driving task so that drivers have fewer opportunities
to make errors, and less risks of being injured when doing so.

While this reasoning makes a good case for further advancements in the engineering of
roads, vehicles and telematics, there are serious reasons today to emphasize that investing
resources in passive safety should by no means entail the abandonment or the
disinvestment of driver-based interventions. First, the results of crash-causation studies
indicate that the main causes of crashes are not drivers’ lack of skills but rather violations
and risky-driving style. It is difficult to envision how engineering approaches alone could
satisfactorily alter the way people opt to drive, even when considering new driver
assistance and crash-avoidance technologies. As long as drivers control tracking and
speed, the task will remain vulnerable to risk-taking behaviors.

Second, the fact that driver-based approaches such as awareness, education and training
have not lived up to expectations should not lead to their rejection, but rather to their re-
examination. It is indeed surprising to realize that most of these interventions have so far
remained insensible to the advancements in traffic psychology and health promotion;
they are seldom based on scientific theories of driving behavior or behavior modification
and are rarely tailored to the psychological determinants of risk-taking for targeted
populations. Clearly, much more can be done in terms of driver interventions and fresh
analysis of the problem is warranted.

In sum, given that decisions errors cannot be fully addressed by engineering
strategies alone, driver-based interventions need to be incorporated in a
comprehensive approach to road safety countermeasures. However, they need to be
reconsidered in light of existing evidence-based theories of risk-taking and behavior
modification.

In 1994, Lonero et al. published a seminal report on interventions aimed at changing
driver behavior and later followed up on their main ideas in a series of publications,
creating a significant input for discussions regarding driver-based interventions (see
Gielen and Sleet, 2003; Lonero et al., 1994; Lonero and Clinton, 1997; Lonero et al.,
2001; Lonero, 2002; Lonero et al., 2004; Lonero, Clinton and Sleet, 2006; Lonero, 2007).
Although they use somewhat different angles, some of their key arguments are similar to
the main themes developed in the current review on potential interventions to address
risky-driving behaviors. The main themes of this body of literature are briefly
summarized below.
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In a discussion on the application of behavior-change theories to injury prevention,
Gielen and Sleet (2003) make the case that behaviors that lead to injuries are largely
preventable and that behavioral science is therefore an integral part of a comprehensive
prevention strategy. However, like Lonero and Clinton (1998), they observe that contrary
to other fields - such as public health and health promotion - behavioral solutions have
been seriously deemphasized in road safety because of weak past results. The authors
furthermore emphasized that these former interventions were based on common sense
rather than derived from sound theories and research. Most traditional driver-based road
safety interventions indeed usually fail to use models of human behavior, to apply
theories of behavior change, to incorporate the determinants of high-risk behaviors for
targeted populations and to use evaluative studies in order to develop and maintain
efficiency on the basis of empirical data. For example, there is still a widespread belief
that raising drivers’ awareness of the dangers of speeding with catchy phrases on the
roadside will change their behaviors. According to the authors, this is by all means a
simplistic and inaccurate assumption deprived of any scientific basis.

These arguments are also central to an important discussion authored by Robert Foss
(Foss, 2007) on the use of behavioral elements in traffic safety. In brief, Foss observes
that far less progress was achieved in altering the behaviors of drivers compared to the
engineering of roads and vehicles. According to him, and like Lonero et al. suggest, this
situation can be attributed to the fact that driver-based interventions in road safety have
been overly simplistic and based on common sense and scientifically unfounded
concepts, such as the idea that providing information through awareness programs or
increasing the severity of penalties - two of most widely used interventions - will
automatically change driver behavior. Such views completely fail to account for the
complex organization of the multiple determinants of human behavior and the fact that it
is resistant to change.

Foss observes that we need to take a far more enlightened approach to developing and
implementing programs and policies than what is currently the case. Continuing to use a
common sense and instinctive approach to change driver behaviors is doomed to fail at
influencing safety while wasting large amounts of limited resources and impeding the
development of scientifically sound driver-based interventions. The key to Foss
arguments, and he makes it very clear, is that there are multiple proven evidence-based
theories of human behavior and behavior modification and that we need to take
advantage of these vast stores of scientific knowledge. In order to be effective in saving
lives, it is imperative that interventions are based on human behavior theories and that
they respect and factor-in the essence of these theories in every step of implementation.
He identifies the TPB as a well-proven theory from which interventions could be derived.

Accordingly, it is important to foster a deep-rooted dedication
to developing approaches that tap into fundamental principles
of human behavior as detailed in accumulated literature of the

behavioral and social sciences.
- Robert Foss, 2007 (P.12)
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Lonero et al. (1994) observe that despite the inherent difficulties in influencing human
behavior, the earlier discouragement of using behavior-change strategies to influence
road safety is no longer appropriate. The authors however also emphasize that the use of
scientific theories is paramount because it guides the development of prevention
programs by generating an understanding of behaviors, allowing the identification of
change mechanisms and helping to determine why programs succeed or fail.

Their main recommendation is therefore that behavior modification needs to be
reemphasized and considered as an essential component of a comprehensive
approach to the road safety problem, where active and safety strategies are blended
together. It is however paramount that these interventions be developed on the basis of
sound scientific theories instead of program developers’ opinions, as it has been the case
for so long in road safety, where the “common sense” approach to behavioral issues has
not been successful.

The authors emphasize further that no single behavioral approach can provide a silver
bullet since risky behaviors stem from a complex mix of biological, psychological and
socio-cultural factors and are therefore overdetermined, and resistant to change (see
figure 20). However, it is clear for them that recent progress in the fields of traffic
psychology and health promotion can lay the basis for the development of a new
multifaceted comprehensive intervention package that can help prevent risky-driving.
They also emphasize that further R&D will play a central role in this endeavor.
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Figure 20: Determinants of driving behaviors (from Lonero et al., 2001)
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Lonero et al. (1994), Gielen and Sleet (2003) and Jonah (1990b) stress that the utilization
of behavior-based interventions has been much more serious and successful in the field of
public health and heath promotion, where it has strong political backing. As a result,
individuals today are more involved, responsible and proactive with regards to the
management of their own health than they were twenty years ago. It is however
understood that in this context, interventions are based on strong empirically-driven
theories of behavior change and are comprehensive, multifaceted, participative, socially
supportive and lifestyle oriented, in contrasts with the common sense decentralized
approach that has been used in road safety. It is therefore strongly recommended that
road safety program developers import some of this precious applied knowledge in order
to develop comprehensive scientific approaches to address risky-driving.

According to Lonero et al. (1994) as well as Lonero, Clinton and Sleet (2006), successful
scientific behavior-change theories include cognitive models (psychosocial approach),
behavioral models (use of behavior modification and motivation) and risk-utility/decision
models. In turn, the four traditional domains of intervention in road safety are legislation,
enforcement, reinforcement and education. Looking at a vast amount of scientific
evidence stemming from the theories, Lonero et al. (2006) developed a comprehensive
discussion on the current and potential efficiencies of each of these four domains of
applications. Some of their conclusions are highlighted below.

With regards to legislation the authors observe that laws form the core of the cultural
package that determines how drivers should perform on the roads. It has a declarative
function by communicating socially acceptable standards and a deterrent function by
threatening sanctions for violators. The effectiveness of laws is related to factors such as
regulatory philosophy (desirability of restrictions to individual liberties/paternalistic
protection of us from ourselves), moral suasion (efficiency in declaring social values that
would impact on behaviors), deterrent effects (support needed to maximize impacts on
behavior and maintain effect over time) and encouraging internal controls (development
of value change, self-control and informal social norms over time). The authors conclude
that while informal rules and traffic culture often predominate, legislation remains key to
progress although it needs more support from the other behavior-change domains.

Enforcement is described as the means to deliver in practice the deterrent effect of
legislation. If efficient in delivering a sanction, it has a specific deterrent effect, limiting
reoccurrence of the behavior and is a disincentive (general deterrence) since it prevents
others from engaging in it. Effectiveness factors include short-term short-range effects
stemming from increased subjective risk of being caught even in the presence of low
objective threat enforcement, as well as general deterrence, which depends on perceived
threat and intensity of surveillance. The main limitations of enforcement stem from the
fact that (1) punishment is a weak behavior modifier (in comparison to reinforcement)
and (2) there are severe practical limitations to the amount of police (or CVSA, for that
matter) surveillance that can reasonably be generated. Note that automatic enforcement
(speed cameras, on-board data-recorders and driver monitoring systems) offers efficient
solutions to the latter.
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Reinforcement is based on the simple rule that a positive reinforcement following the
production of a behavior will increase the ulterior production of the said behavior. Note
that reinforcement is the basic principle at the root of incentive programs that have been
successfully applied in the motor carriers industry (Wilde, 2001). Reinforcement
consolidates the internal controls that help create desirable habits and internalised social
norms. It is widely understood that reinforcement (positive consequence) is far more
efficient than enforcement (negative consequence) to change behaviors. According to
Lonero et al. (1994) it is in fact the most powerful influence domain to change driver
behavior, even though it is rather scarcely implemented. The authors note that
transferring behavior analytic technologies to operational programs is seen as a high
priority. The development of incentive programs in the motor carrier industry would
perfectly fit this recommendation. This notion will be discussed further in a latter section.

Education covers various skill and knowledge transfer activities, ranging from general
driving reminders to advanced driver training. The authors however note that the choices
have traditionally been between narrow, intensive training and shallow information
programs. They emphasize that what makes education work is quite well known but that
it has seldom been put in practice in the context of driver education and training
programs. They observe that there is a controversy in the methodologies used to assess
the efficiency of these programs and that safety improvements are not always the best
indicators of success. They also emphasize that traditional mass media program have
little effects but that the use of a social marketing approach could significantly improve
their efficiency. In terms of driver education and training, they observe that crash
reduction is not likely to occur if hazard perception is not included nor if motivational
approaches aimed at increasing drivers’ desire to be safe are not used.

2.3.2 A fresh look

As mentioned above, the field of driver-based interventions needs to be re-examined in
light of theories of driver behavior and behavior change. It is important to note that this
field has been in a renewed R&D phase for the last decade or so. Numerous studies are
being conducted to expand the scientific knowledge about the determinants of risky-
driving and how to influence these behaviors. It is clear however that further work needs
to be done to translate these fundamental ideas and scientific principles into practical
interventions, especially with regards to their application to the motor carrier industry.
Such an undertaking cannot be achieved under the current mandate and timeframe of this
task force, nevertheless the following sections will provide an update on these
fundamental ideas and principles and provide guiding principles for next steps.

In the previous section on the determinants of risky-driving, three broad approaches were
described: (1) the psychosocial theories, (2) personality dimensions, and (3) risk-
perception. Each one of these approaches brings specific leads as to what could be done
to influence drivers’ risk-taking behaviors. In fact these three interrelated fields have
implications with regards to two intervention domains: driver assessment and behavior
modification. Note that applied behavior analysis principles stemming from behavioral
psychology also offer strong behavior modification strategies that need to be addressed.
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On the one hand, there are the leads for interventions according to the above-mentioned
approaches. These approaches provide explanations as to why individuals take risks when
they drive and rationales as to what should be done to prevent them from doing so. On
the other hand, there are the intervention domains through which driver-based
interventions have traditionally been conducted in the motor carrier industry. The
following section will first describe what could, or should be done from a theoretical,
perspective to impact on risky driving. Next, the traditional domain of intervention will
be discussed with the objective of making recommendations regarding potential
complements and/or modifications to current practices.

2.3.2.1 Interventions leads derived from the psychosocial approach

Two broad psychosocial theories were reviewed in the previous section: the Problem
Behavior Theory and the Theory of Planned Behaviors. Their implications for
interventions are discussed below.

2.3.2.1.1 The PBT

Jessor (1989) explains that advances in health promotion have shown that the burden of
injuries is mainly behavior-related and that efforts to promote health therefore need to be
based on a complete understanding of behaviors. The PBT has been successfully applied
to health promotion, showing that risk-taking and unhealthy behaviors can be regrouped
in an instrumental system, or [lifestyle, which generates clear benefits that outweigh
perceived costs for the individual. Risky behaviors have a utility, which explains why
they are resistant to change and why simplistic interventions such as the transmission of
information about their dangerousness (awareness programs) are not likely to alter them.

Jessor notes that while the PBT has been successful in addressing risk-prone lifestyles in
the field of health promotion, it also has applications for road safety. It could for example
be used to investigate whether truck drivers’ health-risk behaviors (poor diet, over-the-
counter medication, speed drinks, smoking, poor sleep hygiene, sedentary lifestyle, etc.)
and various risky-driving behaviors (driving while fatigued, use of distractors, speeding,
following to closely, etc.) are organized into a risk-prone lifestyle that would have some
utility for them. If such a lifestyle were confirmed, it would be possible to identify its
specific positive functions, based on an equation of the perceived benefits (time
efficiency & distance covered, peer acceptance, social support) and perceived costs
(illness, injuries, sanctions). As it was successfully done in health promotion, such an
analysis could feed the development of strategic interventions for CMV drivers.

Note that interventions in this context are not behavior-specific but rather lifestyle
oriented, and can be based on two different rationales. First the PBT allows the
identification of risk and protective factors (i.e. factors that increase or decrease the
likelihood that risk behaviors are adopted). Once these factors are identified, it becomes
possible to cluster protective factors into a typical positive and healthy lifestyle and to
promote its adoption. Theoretically, this should have the effect of decreasing the
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frequency of risk behaviors as a whole in the life of the individual. Second, since the PBT
allows the identification of perceived benefits of risk-prone lifestyles for specific
populations, it would be strategic to identify and promote new healthy and safe behaviors
that would make it possible to reach those benefits while avoiding health risks.

It is important to emphasize that such a lifestyle intervention approach is coherent with
the expanding health and wellness domain that attempts to address truck drivers’ health
and safety issues with a global health-oriented strategy (see Krueger et al. 2007 for a
review). It is also coherent with the recommendations from Lonero et al. (1994), Lonero
et al (2006) and Gielen and Sleet (2003), who suggest using an approach similar to the
health promotion model to target risky-driving behaviors.

Rather than aiming specifically at crash reduction, Lonero et al. (1994) indeed
recommend the promotion of a globally competent driver that would be highly skilled,
crash-free, energy-efficient, socially responsible, non-obtrusive to other drivers, etc. As
mentioned above, under the PBT, the clustering of these protective behaviors trough a
lifestyle approach would imply that the adoption of one behavior would make the
adoption of the other ones easier.

Jessor (1989) indeed observed that like health-risk behaviors, health-enhancing behaviors
are organized as systems or positive syndromes. Associating these positive driving
behaviors with positive health behaviors could therefore be beneficial, someone who
spends time keeping healthy and fit might indeed be motivated to take protective actions
in other situations, such as driving.

Jessor (1989) notes that this lifestyle approach marks a shift from an emphasis on the
prevention and deterrence of risk and unhealthy behaviors to the promotion of health and
safety. Offering positive support to health-enhancing behaviors and lifestyles weakens
the likelihood of behaviors that are incompatible with these lifestyles in general. In this
context, the idea of safety is therefore embedded with health, or being folded as a rubric
of health and fitness.

Practical implications with regards to the PBT:

Given the above, the application of the PBT to both health-risk and risky-driving
behaviors of CMV drivers should be seriously considered and is therefore recommended.
The first step would be to specify the whole range of health-risk and risky-driving
behaviors among this population. The second step would be to conduct a scientific
examination of their frequencies and variations in occurrence, looking closely at personal
and contextual variables as well as at the dynamics of their interactions.

This would create a social psychology of risk behaviors for CMV drivers that, according
to Jessor (1989), would provide the information needed for the creation of intervention
programs with a logical basis for success. The final step would be to define and
efficiently promote a positive health-enhancing lifestyle that should positively impact on
CMV drivers’ health as well as their safety on the roads.
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2.3.2.1.2 The TPB

The second psychosocial theory that was considered is the TPB. This theory is described
in the literature as holding promise for the development of new theoretically sound and
tailored interventions to address risky-driving amongst specific populations of drivers,
such as those that operate in the motor-carrier industry. Forward (2009a) observed that
the number one cause for crashes is deliberate risky-driving behaviors, which are closely
related to attitudes and their underlying beliefs. She underlines that traditional
interventions to tackle these issues have been united under the 3Es concept (Education,
Engineering, Enforcement), but while it is known that the 3Es should ideally be
combined and coordinated, this is rarely happening. Education has in fact been seen as
the principal means to change drivers’ attitudes and behaviors, but poor results have been
achieved so far. However, instead of trying to improve the methods, many have simply
abandoned the concept and moved to passive safety approaches.

Like Lonero (2007), Forward argues that one way to improve our approach to risky-
driving would be to rely on proper theoretical models as the basis for interventions. The
TPB is seen a appropriate, potent theory since it enables to predict risky-driving, to
understand the motivations of high-risk drivers and to potentially change their behaviors.
However, while the first two applications (predict and understand) are camera ready, it is
understood in the literature that further R&D is needed for the latter (change behavior).

In order to change a behavior, the cognition underlying
the decision to perform the action need to be changed.

Fishbein and Middlestadt (1989)

The notion of changing beliefs appears to be central in the application of the TPB to
influence driving behaviors. As a reminder, behavioral beliefs (consequence of the act)
are an antecedent of attitudes, normative beliefs (what peers think of behavior) are an
antecedent of subjective or descriptive norms and control beliefs (factors that may
facilitate or impede the performance of behavior) are an antecedent of PBC (see figure
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After using the theory to study what factors predict and motivate drivers to violate,
Forward (2009a) gives the following recommendations regarding the use of the TPB to
address risky-driving behaviors:

e Strategies tailored for specific populations are more successful than strategies
aimed at the general population. They however need to be based on an
assessment of the motivations of these specific populations;

e The framing and the content of the strategy also need to be violation-specific,
since different motivations may be found for specific behaviors within a single
population;

e The beliefs (indirect measures) at the basis of attitudes, subjective norms and
PBC (direct measures) provide a deeper understanding of what motivates drivers
and should therefore be targeted in efforts to both understand and modify
behaviors. Efforts so far to use the TPB to change behavior have been limited to
direct measures, which may not be specific enough;

e Given the importance of subjective norms on behaviors (perception of what
others think of the behavior), the source of the message need to be appropriate -
ideally a peer member of the target population;

¢ Interventions programs should focus on the target group’s normative beliefs and
control beliefs about the specific behaviors that need to be addressed.

In another study, Forward (2009b) validated the impact of descriptive norms on the
intentions relative to risky-driving. She makes the following observations:

¢ Intenders (those who intend to do the behavior) regard the risky-driving behavior
as being fairly normal and they overestimate the proportion of the population that
commit the behavior;

e [t would therefore be strategic in an intervention to portray the behavior as not
normal, for example by focusing on drivers that obey the rules and making them
the norm, rather than the opposite;

e Shifting the focus to positive and safe behaviors could be more strategic since the
long lasting focus on the fact that violations and crashes are endemic probably
contributed to their installment as perceived normative behaviors (everybody does
it, I do it too);

e The re-positioning of safe driving practices as the descriptive norm should be
done using peer group members of intenders to convey the message.

Elliott et al. (2005) conducted a study to evaluate the contribution of TPB’s underlying
beliefs structure as predictors of the intention to comply with speed limits. According to
the authors, the results validate Ajzen and Fishbein’s (1980) hypothesis that changing
TPB’s underlying beliefs should lead to corresponding changes in attitudes, subjective
norm, PBC, intention, and ultimately behaviors. In this study, the authors identified the
specific beliefs that made important contributions to attitudes, subjective norms, PBC and
intentions. They observe that those beliefs could be used to help design road safety
interventions to persuade drivers to comply with speed limits.
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Elliott et al. reviewed former interventions that attempted to alter drivers’ beliefs,
attitudes, intentions and behaviour using the TPB (1) for learner drivers (Meadows and
Stradling, 1999), (2) while using video-based technology (Parker et al., 1996) and (3)
through a large-scale media campaign (Stread et al., 2002). Only small changes were
attained in these studies. Elliott et al. discuss these results by stating that long-term
attitudinal changes are hard to achieve since the formation of attitudes start early in life,
long before driving age.

Changing attitudes through driver education and training is therefore not an easy task, so
even small effects could be regarded as successful. They note further that these studies’
weak results could be related to the use of ineffective techniques to change attitude,
producing effects that are not sufficient to impact on behavior over time. Elliott et al.
indeed observe that one of these studies was done in a laboratory setting (Parker et al.,
1996), which might not be conductive to changes in real world attitudes, and that another
one (Meadows and Stradling, 1999) was conducted with an extremely small sample of 10
subjects by experimental conditions.

Another important explanation brought forward is the type of exposure that participants
had to persuasive messages during these interventions. It is understood in the attitude
literature that exposure to persuasive messages will be more effective if a high quality
argument is presented and reinforced at many occasions, rather than as a one-off
presentation. It is also demonstrated in this literature that attitudinal change will be
effective if participant have the possibility and the motivation to actively engage in issue-
relevant thinking within the framework of the intervention.

According to Elliott et al., participants who are actively involved in issue-relevant
thinking experience changes in the cognitions that underpin attitudes, a process that is
called central route persuasion. Attitudinal changes without these cognitive
modifications, called peripheral route persuasion, are not permanent, are very dependent
on peer pressure and are unlikely to alter behaviors (Petty and Cacioppo, 1986). The
authors observe that the methods used in the above-mentioned studies (video-based
presentations and media interventions) were not likely to bring about active issue-
relevant thinking and central route persuasion.

According to the attitude literature, interventions would require active involvement from
motivated participants to be more efficient at generating enduring attitudinal changes that
could impact on actual behaviors. Elliott et al. observe that classroom-based interventions
such as those used in driver-skill training course or driver-rehabilitation programs (or
advance training programs — see Lonero et al., 2001) allow for sufficient levels of
participative interaction between student and teacher to favour the type of issue-relevant
thinking that is needed. They also suggest that interactive computer-based interventions
could have the required prerequisite. Globally however, it is clear that further R&D is
needed to develop these interventions, and that this R&D needs to be based on sound
scientific theories such as the TPB.
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Wallén Warner and Aberg (2008) validated that attitudes, subjective norms and PBC
predict intention to exceed the speed limit. They also discuss the above-mentioned
studies that provided mixed results for attitudinal changes, observing that one study only
allowed participant to passively view a video once, while another was not based on
beliefs derived from an assessment of the target population. Nevertheless, since even
these experiments with such notable limitations still managed to alter some of the latent
variables, the authors believe that future interventions, with better designs, could
influence intentions and behaviors.

They emphasize that it is essential that these interventions be based on a belief-based
measure shown to contribute to drivers’ intention and actual speeding behavior. This
means that prior to developing an intervention, an assessment of these beliefs needs to be
conducted for the target population. The authors also note that speeding is closely related
to a driver’s lifestyle, and that trying to change speeding behaviors involves addressing
the whole lifestyle issue. This is coherent with the previous section on health-promotion
and the PBT. As a final note, the authors conclude that once validated for a specific
behavior and a specific population, TPB’s underlying beliefs should be targeted when
designing campaigns, used in educational material and driver training as well as
guidelines when implementing new safety measures.

De Pelsmaker and Janssens (2007) validated the significant value of normative beliefs to
predict the intention to speed. They also made observations with regards to implications
for interventions. First, like Aberg (1999), they recognize that TPB-related scales could
be used by program managers and government to track the intentions to commit specific
risky-driving behaviors for specific populations. Second, they acknowledge that the main
challenge for government is changing bad driving habits, recognize that it is an enormous
and long-term challenge and affirm that awareness campaigns will not be enough. They
observe that drivers are not likely to change their attitudes towards risky-driving as long
as they do not perceive that the majority of their peers are doing so. The key is therefore
to change the normative beliefs of the target population with campaigns aimed at
changing their perception of what the majority of their peers find important. According to
Simsekoglu and Lajunen (2008), given the importance of subjective norms in predicting
intentions for risky-driving, intervention messages should indeed emphasize positive
opinions of significant others (peers, family members) towards safe driving practices.
Chen (2009) provides a similar recommendation, stating that education and training-
based interventions should target the widespread normative belief that drivers can speed
safely.

Yilmaz and Celik (2008) provide information on another application of the TPB to road
safety interventions, namely that of driver assessment. They emphasize that the
assessment of drivers’ attitudes toward traffic should be done before and during drivers’
learning process in order to orient them towards specialized or tailored training programs,
a suggestions that was also developed by Thiffault (2005b). It would indeed be possible
to channel drivers towards particular training components aimed at changing specific sets
of beliefs underlying the TPB, either before they start to drive or in the context of driver
improvement programs.
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Poulter et al. (2008) realized an important study using the TPB to predict truck drivers’
intentions regarding risky-driving violations and compliance with regulations. As
reviewed in the previous section, the results indicate that different sets of predictors were
applicable to both categories of behaviors. The authors made specific recommendations
for interventions while discussing both these sets of results.

Since these two categories of behavior have different predictors - or motivators -
recommended intervention approaches have different orientations. However, since in
both cases intentions predicted behavior, the authors introduced a common intervention
approach based on the psychological notion of implementation intentions. This notion
involves the drafting of social contracts with drivers where agreements are made with
regards to specific behavioral responses under specific circumstances (e.g. when situation
x arises I will perform response y, or if other cars cut in when I am following at a safe
distance from the vehicle in front, I will reduce speed in order to maintain a safe
following distance). The authors specify that contracts with implementation intentions
provide a specific behavioral strategy to attain a specific goal (in this case, safety) instead
of vague intentions such as “I intend to drive safely”. They note that the efficiency of this
approach has been empirically demonstrated (Elliott and Armitage, 2006). They therefore
recommend the development and the use of such social contracts to address risky-driving
and compliance with regulations in the motor carrier industry.

With regards to respecting traffic laws (which relate to risky-driving and violations) the
analyses reveal that behavioral intention indeed predicted behaviors, that intention was
strongly related to subjective norm (.30) and to a lesser extent to PBC (.15). These results
imply that (1) drivers who say they intend to stick to the law are likely tor report driving
within the law, (2) a stronger perception that others expect them to abide by the law
directly leads to obedience to traffic laws and (3) the easier truck drivers believe it is to
abide by the laws, the more likely they are to follow them. In terms of recommendations,
the authors therefore advocate targeting subjective norms by making clear to CMV
drivers that not all their peers have negative attitudes with regards to traffic laws and that
those who do are more involved in crashes, which is clearly the case.

The analyses regarding compliance with regulations also revealed that intention to
comply predicted behavior. In this case however, the largest direct effect was PBC (.43),
meaning that the more control a driver has over his work, the more likely he is to comply
with the rules. While subjective norms had a direct effect on obedience to traffic laws and
risky-driving, they had no direct effect on compliance behavior. Compliance stemmed
from whether drivers thought they could comply rather then what they thought about
compliance per se. Poulter et al. therefore observe that compliance with CMV regulations
may not relate so much to drivers themselves, but rather to the circumstances under
which they operate. They provide the example of making sure that drivers have (or rather
perceive they have) enough time to conduct vehicle inspections.

With regards to recommendations, Poulter et al. (2008) suggest interventions aimed at
carriers to ensure drivers not only understand that they should undertake specific
behaviors (vehicle checks, rest break, etc.) but also that there are no other pressure on
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drivers that detract them from such compliance behaviors. Poulter et al. emphasize the
importance of company safety culture, stating that carriers with more extensive
organizational policies positively influence drivers’ perceived control over their work
(driver empowerment). They recommend that future research should directly address the
constraints in driver behavior created by the working environment imposed by the carrier.

Practical implications with regards to the TPB:

e [t would be relevant to use the TPB to develop approaches to target CMV drivers
beliefs, attitudes and behavioral intentions with regards to risky-driving;

e The first step would be to assess CMV drivers’ attitudes, subjective norms and
PBC (direct measures) as well as underlying behavioral, normative and control
beliefs (indirect measures) towards specific high-risk driving behaviors. This
should be determined amongst different samples, from different sectors of the
industry (long haul, short haul, bus drivers, etc.);

® Once we have a better understanding of what motivates risky-driving amongst the
different sectors of the industry, interventions to alter TPB’s underlying sets of
beliefs should be developed and evaluated;

¢ These interventions should be population and behavior specific;

e There is a need to involve active issue-relevant thinking from participants. This
could be done by using a classroom format such as what can be found in training
programs, advance driver training, driver improvement programs, etc;

e @Given the importance of subjective norms, these sessions should be conducted by
individuals that share significant characteristics with the peer groups (such as a
former truck or bus driver);

e There is a need to target normative beliefs with content that would aim at
depicting a reality where positive safe behaviors are seen as the norm and risky-
driving is marginal and clearly linked with increased crash risk;

e There is a need to investigate perceived constraints imposed by carriers upon
drivers, which impacts on drivers PBC in the context of compliance with rules
and regulations;

e There is a need to enable drivers to gain more control and responsibilities over the
management of their activities (driver empowerment), this can be done by
working both on drivers perceptions and working conditions in the context of a
strong carrier safety culture;

e The issue of social contracts and implementation intentions between drivers and
carriers also hold a lot of promises and should be investigated further.

2.3.2.2 Interventions leads derived from the personality approach

A popular critique from the tenants of passive safety - stemming mainly from the field of
human factor engineering - is that personality cannot be changed, and that therefore
studies undertaken to understand the role of personality traits in the production of risky-
driving are of little interest. This line of thinking however is now being replaced, or at
least rivaled, by recent considerations stemming from the progressive revival of the field
of active safety and traffic psychology (Chen, 2009; Hatfield and Fernandes, 2009;
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Loncsak et al., 2007; Machin and Sank, 2007; Moller and Gregersen, 2008; Schwebel et
al., 2006; Sommer et al., 2008, etc.). While these authors all agree that by definition
stable personality traits indeed cannot be changed, they could nonetheless be targeted in
the context of new, innovative, evidence-based intervention strategies. Some of these
ideas are presented below.

2.3.2.2.1 Behavior modification

As mentioned earlier, personality traits are at the beginning of a chain that includes
attitudes, risk-perception and risky-driving behaviors. While personality is clearly related
to attitudes and violations, it has a weak but consistent relationship with crashes. It is
therefore rather indirectly (or distally), through its association with attitudes and
violations, that personality impacts on safety. There are indeed most likely specific
configurations of beliefs, attitudes, risk perception factors and risky-driving behaviors
that are typically associated with sensation seeking and aggressive driving. Consequently,
while personality cannot be changed, it impacts on factors that can, and it is these factors
that are directly responsible for crashes. It would therefore be relevant to look at these
personality-driven configurations within specific populations (such as CMV drivers) and
develop targeted interventions aimed at changing what can be changed.

The recommendations made earlier with regards to changing specific beliefs at the root of
risky-driving attitudes would certainly be applicable in this context as well. Empirical
studies on personality and driving indeed reveal that personality dimensions should be
factored in since they determine the orientation and the utility of the behavior production
system. From this viewpoint, it is legitimate to recommend that interventions aimed at
changing beliefs, attitudes and risk perception factors for sensation seekers and for
aggressive drivers — the leading personality dimensions for risky-driving - be developed.
Below are further examples of interventions as well as R&D leads that were recently
suggested in the literature with regards to personality dimensions.

The data from the study of Chen (2009) clearly support the notion that personality - in
this case sensation seeking - has a direct effect on safety attitudes. Chen observes that
although personality did not have a direct effect on risky-driving, it most likely affected
behavior by influencing its attitudinal and normative determinants, as they are depicted in
the TPB. Chen therefore suggests that an assessment of drivers’ personality could be used
as a screening procedure when drivers undertake initial training, and that strategies could
be implemented to change drivers’ safety attitudes in the course of this training.

Based on the results of their study on personality, risk perception and risky-driving,
Machin and Sankey (2008) recommended to include elements in driver education that
would make drivers really understand how their sensation seeking, the importance they
place (or not) on the welfare of others, as well as the (low level of) danger that they
perceive may affect their intention to speed. They also observe that road safety
campaigns should strengthen drivers’ appreciation of the impact of their actions on others
through positive reinforcement of altruistic norms, stating that a golden rule should be to
drive unto others as you would have them drive unto you.

Human Factors in the Motor Carrier Industry in Canada 146



Moller and Gregersen (2008) emphasized that drivers are influenced by motives related
to their lifestyle. This implies that not only do they need to acquire skills to master the
driving task, but also to handle the influences stemming from their life situation, such as
learning to control the impulse to let-off-steam trough driving or the motivation to gain
status among peer by their driving style. It is important that drivers be made to really
understand the impact of these influences on their driving behaviors. Because of the
impacts of normative beliefs on risky-driving intentions, peer group based interventions
are recommended to achieve this objective.

These observations are shared by Hatfield and Fernandes (2009) who emphasize from
their study results that risk-motivations are amenable to change and that interventions
should be aimed at reducing excitement, social influences, irrelevance-of-risk and letting-
off-steam motives for risky drivers. Also, they suggest that the idea of impressing on
risky drivers the importance of the risk associated with their behaviors may in fact
encourage dangerous driving, given its psychosocial utility.

Lonczak et al. (2007) observe that a number of factors uniquely affect an individual’s
driving style, that drivers should be made more cognisant of their own triggers for
aggressive and risky-driving and that they should practice positive coping strategies.
They observe further that tailoring intervention programs is crucial and that interventions
should include teaching drivers the reality of risk in particular situations while helping
them to shift towards a safety-focussed driving style.

2.3.2.2.2 Driver assessment

Driver assessment can be conducted with different objectives. Most personality
researchers would however say that the measurement of personality dimensions and
attitudes could hardly be a decisive factor in terms of driver selection. While known
relationships exist between these factors in isolation and specific measures of risky-
driving, in reality the impact of personal variables on safety stem from a complex and
systemic organization where multiple influences combine to define the risk for a specific
individual in a specific situation. It is therefore hard to believe, at this point in time, that a
single personality measure could be strong enough to make legitimate career decisions
for professional drivers. Note that Knipling et al. are preparing a CTBSSP report that will
cover issues related to the assessment of driver risk with psychometric instruments.

As discussed, the idea of driver assessment makes a lot of sense in the context of tailored
interventions. While it is difficult to predict crashes, it is a lot easier to predict risky-
driving and to understand it’s utility for individuals with specific personality traits and
attitudes. Once their profile assessed, drivers could be channeled towards specific
interventions (could be labeled advanced driver education, problem driver remediation,
driver improvement programs, or plainly driver training) where factors that can be
changed (attitudes, motivations, risk-perception, risky-driving behaviors) are targeted.
Note that these interventions need further R&D, and that this R&D plays a central role in
the attainment of a new road safety paradigm where passive and active strategies
efficiently complement each other.
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The rule of thumb for driver assessment with regards to risky-driving is that it should be
multidimensional, including personality dimensions (sensation seeking, aggression/social
deviance, type A) attitudes (i.e. using TPB and PBT frameworks), risk-perception (i.e.
computerized hazard perception testing) and risky-driving behaviors (on-board safety
monitoring data, vehicle parameters, driver records, driving simulators, etc.). Thiffault
(2005b) made specific recommendations with regards to variables and assessment tools,
however given ongoing intense activity in the field, conducting an updated review would
be relevant.

2.3.2.2.3 Specific considerations with regards to sensation seeking

There is ample evidence to support the notion that sensation seeking plays a significant
role in dangerous driving. Sensation seekers have a tendency to look for the sensations
they seek while driving and take risks in order to experience the psychophysiological
changes that come with danger. In this context, risk originates from biology, or
psychophysiology, and dangerous driving does not have clear psychosocial triggers. In
other words, sensation seekers may take risks even when they are alone on the road. In
this context, the risk does not stem from social interactions between drivers, like in the
case of aggressive driving.

Beirness and Simpson (1997) as well as Jonah (1997) underline the importance of the
biological basis of sensation seeking, suggesting that this aspect of personality is in fact a
largely inherited or genetic predisposition. Given these strong physiological
characteristics, they emphasize that behavioral changes in this context could be very
difficult. This would justify the use of deterrent methods such as speed cameras rather
than attempting to change behavior when trying to address risky-driving.

Other arguments however suggest that it could be useful to take a fresh look at this idea.
For example, Zuckerman (2007), as well as Tay, Champness and Watson (2003), observe
that encouraging sensation seekers to satisfy their need for excitement through activities
that do not threaten public health or their own safety is a possibility. Furthermore, clinical
psychology shows that despite a significant physiological basis, the expression of various
personality-related phenomena such as depression, anxiety, aggression and addictions can
be altered through targeted interventions. As such, it can be suggested that innovative
approaches could indeed be used to influence the driving behavior of sensation seekers,
especially in a structured organizational entity such as a motor carrier, where professional
drivers can be submitted to company-based interventions.

As mentioned above, while sensation seeking is a stable dimension, it is naturally
tampered by other factors that influence the production of behavior such as attitudes,
values, beliefs and motivations, all of which can be impacted through various forms of
interventions. Therefore, while sensation seeking per se cannot be modified by external
influences, the attitudinal patterns and the motivations typically associated with it are
clearly potential targets for road safety interventions. Not all sensation seekers take risks
while driving; some have other personality traits or attitudes that censure or inhibit
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dangerous driving. Racing car drivers and gamblers take risks at the track or the casino,
but they will not necessarily drive dangerously on the highway. The difference between
the sensation seekers that indulge in risky-driving and those who do not is not innate, but
rather learned. It is this material that can be targeted.

In other words, if sensation seeking is genetically grounded, the values, attitudes and
beliefs that mediate its impact on driving are acquired and open to environmental
influence, which reinforces the possibility of using certain forms of remedial action. The
recommendations made with regards to changing specific beliefs at the root of risky-
driving attitudes are applicable here as well. It would indeed be legitimate to use a theory
such as the TPB to assess the belief structure of sensation seekers, and to develop
appropriate approaches to alter these beliefs for this specific population. Techniques from
cognitive-behavioral psychology could be drawn upon for this purpose. They could be
used to inspire the development of specific training and clinically oriented activities such
as advanced driver improvement courses within a motor carrier organization. Combining
the knowledge about sensation seeking with behavior modification strategies from
clinical psychology or health promotion could lead to new prevention approaches that
would complement currently existing deterrent measures.

Larger scale prevention campaigns could also attempt to modify driving behaviors of
sensation seekers, perhaps by effectively promoting values and beliefs about social
responsibility and respect for other people’s lives. To be effective, the form and content
of the message would need to be calibrated to the characteristics of this particular
audience and the source should be acceptable for the target audience - ideally someone
from the peer group. It would not be a matter of condemning sensation seeking as such,
but rather of attempting to channel it through other activities that are designed for this
purpose, such as sports and recreational activities (Zuckerman, 2007). The case of
drinking and driving shows that this type of change is possible; drunk driving is now
deemed as socially unacceptable, but drinking remains completely normal and is even
promoted in many other contexts.

In terms of driver assessment, the empirical relationships between sensation seeking and
factors such as self-reported risk-taking, violations, and to a lesser degree crashes, clearly
identify it as a predictor of risky-driving. As such, there is no question that sensation
seeking should be a component in a comprehensive driver assessment approach.
However, as mentioned, it is only one factor and should be combined with other
measures of personality, attitudes and behavior (Sommer et al., 2008). As was stated,
such tests battery should be used in a soft approach, ideally to work with the driver to
address his risky-driving, and not as a criterion for legal decisions or to take actions with
regards to driver’s licences. The fact that someone is a sensation seeker indeed does not
by itself imply that he or she will be a danger on the roads.

2.3.2.2.4 Specific considerations with regards to aggressive driving

In 2003, the National Cooperative Highway Research Program (NCHRP) published a
guide for addressing aggressive driving collisions (Neuman et al., 2003). The main
conclusions stemming from this work are that intervention programs can adopt two
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strategies: (1) deter aggressive driving in specific populations, including those with a
history of such behaviors and (2) improve the driving environment to eliminate or
minimize triggers for aggressive driving. With regards to the motor carrier industry, there
are potential program elements for both these strategies.

In terms of deterrence, targeted enforcement, aimed at the detection of specific driving
behaviors, is a widely used approach. One of the difficulties with this lies in the
identification of what constitutes aggressive driving behaviors. Indeed, these campaigns
have often been concentrated on speeding, instead of other behaviors such as tailgating or
improper lane changes, which have clear implications in terms of crash risk when heavy
trucks are considered. Programs such as Ticketing Aggressive Driving have been put
forward to address the problem in the context of the motor carrier industry. These will be
discussed in the upcoming section on interactions between light and heavy vehicles.

The other strategy discussed by Neuman et al. (2003) is the educational approach, which
can be applied either as a prevention measure for the general driving population or for
repeat offenders. The core objectives of the educational approach are to teach drivers how
to cope with the aggressive behaviors of other drivers and to help them to recognize and
modify their own tendencies with regards to aggressive driving. It is suggested that
educational campaign should be coordinated with targeted enforcement efforts. Empirical
evaluations of information programs alone have shown little impacts on actual driving
behaviors.

In this regard, it is interesting to bring forth the notions of issue-relevant thinking and
central route persuasion that were discussed earlier (Elliott et al., 2005). Large-scale
media campaign directed at aggressive driving cannot provide opportunities to engage in
the persuasion process, decreasing the possibility of attitudinal and behavioral intention
changes. As such, achieving the goals for educating drivers with regards to aggressive
driving would be better served through formal driver training settings where interactions
between students and teachers are likely to occur. Nevertheless, large-scale media
campaigns would undeniably be a helpful component in a comprehensive approach
aimed at changing the safety culture with regards to aggressive driving.

Bergeron, Thiffault and Smiley (2000) situate aggressive driving in the context of non-
verbal expression of emotions. Studies show that emotions are expressed through an
arbitrary code (display rules) that varies from culture to culture. Marsh and Collett (1987)
indeed noted that aggressive driving behaviors were associated with social norms. The
implications of this are that aggressive driving is learned, and could therefore be
unlearned through a change of display rules in a specific culture, or sub-culture. It also
points to the presence of a potential social chain reaction that could reduce the expression
of aggression on the roads. For example, large-scale campaigns promoting courtesy could
change the popular perception that aggression can be expressed openly on the road and
lead to changes in habits. Such campaigns should however be based on an assessment of
the psychological determinants of aggressive driving for targeted populations and make
use of informed behavioral change models, which is usually lacking.
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According to Bjorklund (2008), drivers’ irritability and aggressive driving is largely
based on their interpretations of the behaviors of others (e.g. the behaviors of others is
unfair, against the norm or counter to expectations). The author notes that these
interpretations are of course subjective and may not reflect the actual intentions of
obstructive drivers. Also, obstructive drivers are not necessarily aware that their behavior
is provocative, nor do they necessarily intend it to be. Nonetheless, irritated drivers
communicate their frustration by exhibiting aggressive driving behaviors, which will
trigger irritation, frustration and aggressive responses in other road users, creating a
dangerous chain reaction. In this context, drivers’ interpretation of driving interactions
might therefore be a legitimate target for intervention. Drivers should be made to better
understand the subjective nature of their own interpretations and the dangerous reality of
their reactions. Bjorklund further notes that insights into the rationales behind other
drivers’ behavior might be a way to decrease irritation in traffic and consequently to
decrease aggressive behavior among drivers.

According to Neuman et al. (2003), the educational approach can also be used to address
the problem of repeat aggressive driving offenders. Once identified, aggressive driving
recidivists would be submitted to courses with structured curricula aimed at countering
specific aggressive driving behaviors while teaching anger management techniques. The
intent is to help these drivers understand the dangers of aggressive driving and provide
ways to recognize and change their own aggressive driving behaviors. The Defensive
Driving-Attitudinal Dynamics of Driving Course, from the National Safety Council, is
provided as an example. The authors however note that this type of program is
experimental and that few evaluations are available yet. It is nevertheless clear in the
literature that similar clinical approaches have been developed and proven to be efficient
in the context of sound evaluation studies.

Sarkar et al. (2003) evaluated the impacts of an aggressive driving seminar aimed at
changing aggressive driving attitudes and behavioral intentions. They report significant
positive results following the sessions, with a stronger effect for young male drivers, the
more at-risk population. The authors also note the possibility that work-conditions for
professional drivers, who are pressured to make just-in-time deliveries, can lead to an
increase in impatience and frustration with regards to congestion and the behaviors of
other road users. It is widely understood that these conditions prelude aggressive driving
behaviors. The authors therefore conclude that specific aggressive driving interventions
targeting those who drive for a living need to be developed, evaluated and adopted.

There is sufficient empirical support for the use of clinical approaches to treat aggressive
drivers. Treatment approaches could therefore be an option for the motor carrier industry,
in order to address drivers with repeated aggressive driving incidents. Deffenbacher
(2009) has shown that cognitive-behavioral interventions such as relaxation coping skills,
cognitive restructuring and behavior skill building can reduce, and maintain reductions,
with regards to driving anger, aggressive anger expression, aggression, risky-driving
behaviors and general anger. Note that Smith (2009) obtained similar positive results
with a different population.
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Galovski et al. (2006a, 2006b) also demonstrated the effectiveness of cognitive-
behavioral interventions amongst court-referred as well as self-referred aggressive
drivers. They observed that even small changes in driving behaviors can greatly affect the
lives of drivers and that these changes are mainly perpetuated by gaining insights into the
level of anger experienced in driving situations: understanding that one’s own thought
contribute to one’s anger allowed the drivers to begin to challenge some of their
distorted thoughts. Many began to take ownership of their anger and, subsequently, more
responsibility for their diving behavior (Galovski et al., 2006a).

Neuman et al. (2003) also make recommendations with regards to reducing or
eliminating environmental triggers of aggressive driving. The recommended approach
involves the identification and the modification of factors in the driving environment that
may contribute to aggressive driving. While the NCHRP report makes this
recommendation for the general driving population, a similar approach should be
undertaken with CMV drivers, who have a very different experience of roadways, and
may be faced with different frustration triggering factors than light vehicle drivers. It
could also be relevant to extend this analysis to the macroergonomics of the motor carrier
industry. A factor such as just-in-time-delivery, that pressures drivers to keep moving at
all times, may indeed generate impatience, frustration and aggressive driving behaviors
when roadways are obstructed by other drivers. It is also important to note that on-board
information about traffic delays and alternative routes to avoid traffic congestion may
have a positive effect on aggressive driving.

Practical implications with regards to personality oriented interventions:

e Personality dimensions such as sensation seeking and aggression should be part of
a comprehensive driver assessment package that would also include psychosocial
issues related to health risk and risky-driving behaviors, TPB direct and indirect
measures as well driving style, crashes, violations and hazard perception skills;

e There is a need to assess the psychological determinants of risky-driving that are
typically associated with sensation seeking and aggressive driving amongst
samples of CMV drivers, while focusing on elements of the behavior production
system that can be changed (attitudes, subjective norms, PBC, risk perception);

® Once this is done, strategies to change these determinants can be developed;

e Strategies to change beliefs and attitudes amongst sensation seekers and
aggressive drivers would be somewhat similar to what has been discussed under
the previous section on TPB applications;

e Various authors suggest that drivers need to understand, or become more
cognizant of the impacts of their personality and lifestyle on their driving.
Material to make them understand these issues as well as coping strategies to
master those influences should be developed and transmitted to CMV drivers by
appropriate means (such as classroom interventions);

e Attitudes, beliefs and risk perception of sensation-seekers could be targeted both
through carrier-based “clinical” interventions and large-scale campaigns;

e Targeted aggressive driving enforcement as well as programs that deal with
CMV/LV drivers’ interactions should be encouraged and resourced;
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e Tailored programs for aggressive CMV drivers should be developed. These
programs should be based on cognitive-behavioral notions and aimed at teaching
drivers how to cope with other aggressive drivers as well as with their own
aggressive responses in the presence of frustration, impatience and irritation;

e Large-scale campaigns focussed on safe and courteous driving are recommended.

2.3.2.3 Considerations with regards to risk perception

Some drivers are more exposed to risky situations on the road because of problems with
risk perception. Being less aware of hazards, they do not adapt efficiently to variations in
objective risk and are more exposed to crashes (Horswill and McKenna, 2004). However,
Ferguson (2003), Borowsky et al. (2009) as well as Wallis and Horswill (2007) point out
that hazard perception skills can be learned and should be part of driver education
curricula. Isler et al. (2009) also emphasize that higher-level skills such as hazard
perception as well as visual search and attention should be part of training. McKenna and
Crick (1997), Isler et al. (2009), McKenna et al., (2006), Regan, Deery and Triggs
(1998b) as well as Rosenbloom et al. (2008) developed approaches for training drivers in
risk perception and observed significant improvements. These authors emphasize that
such techniques allow drivers to acquire experience in assessing hazards without being
exposed to crash risk. Ferguson (2003) also observes that drivers’ ability to perceive risk
can be evaluated. Such an assessment would have many implications in the context of
CMV operations, both in terms of driver evaluation and driver improvement.

According to Blank and McCord (1998), Fisher, Laurie, Glaser et al. (2002), Lonero,
Clinton and Douglas (1998), McKenna and Crick, (1997), Regan, Deery and Triggs
(1998b), Triggs (1994), Triggs and Regan (1998), Triggs and Stanway (1995) as well as
Willis (1998), personal computers can be used for the evaluation and the training of risk
perception. Fisher et al. (2002) sought to evaluate the effectiveness of this method of risk
perception training by comparing the driving behaviour on simulators of three groups of
subjects: young drivers who were inexperienced but had been trained on the program,
young, inexperienced and untrained drivers, and experienced drivers. The results show
that young, inexperienced but trained drivers drive more safely in risky situations than
untrained young drivers. Their driving was comparable to that of experienced drivers.

Driving simulators can also be used to assess the tendency to take risks, to evaluate the
various cognitive processes involved in risk perception and to train young drivers with
regards to issues they may have with hazard perception. Note that while simulators vary a
great deal in terms of scope, complexity, cost and effectiveness, fairly simple equipments
such as PC-based equipment with a steering wheel, accelerator and brake pedals can
achieve most objectives with regard hazard perception training.

As mentioned in the theoretical section, risk perception consists of both an evaluation of
the objective risk of the situation and an evaluation of one’s ability to cope with it. While
the assessment of the former can be achieved with static tests that do not provide
possibilities to interact with the task (paper & pencil tests, computer-based, video, slides,
etc), such interaction is favourable for the assessment of the latter (Thiffault 1991).
Subjects who are evaluating risk in sifu, while involved in real or simulated driving task,
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indeed evaluate both the objective risk of the situation and their ability to deal with it.
Note however that Tronsmoen (2008) validated a psychometric paper and pencil
instrument that could be used to evaluate drivers’ assessment of driving ability and that
Harré and Sibley (2007) report having successfully used a reaction time task (Implicit
Association Test) that enables the implicit measurement of self-enhancement tendencies
while avoiding any social desirability bias.

Practical implications with regards to risk perception:

e There is a need to study hazard perception issues specific to CMV drivers,
including the notions of confidence and over-confidence;

e Hazard-perception should be diagnosed during the training of new drivers, using
interactive computer-based driving tasks and/or driving simulators;

e Hazard perception training programs should be included in both entry-level
training and driver improvement programs.

2.3.3 Traditional intervention domains

The above sections were aimed at exploring the practical implications of each of the three
broad theoretical approaches addressing the problem of risky-driving, which constitute
the core of decision errors related to road rashes in the motor carrier industry. The idea
was to generate a fresh look at driver-based interventions inspired by up-to-date scientific
knowledge with regards to driving behavior and behavior modification approaches. The
following sections will discuss more specifically the applications of these notions to some
of the traditional domains of intervention currently in use. Issues related to driver
training, safety culture, incentive programs as well as safety-related technologies will be
addressed.

2.3.3.1 Considerations with regards to driver training

Driver training is a very active domain where multiple regulatory oriented processes and
R&D efforts are currently being conducted. The issue is complex, multifaceted, and
somewhat controversial, both for the general population and in the context of the motor
carrier industry. As such, there would be an enormous amount of information to process
in order to draft a comprehensive review of the situation.

Given the mandate of this task force and the timeframe under which it operates, such a
review is neither possible nor necessary. The objective here is to make recommendations
in light of the science that was reviewed so far, rather than to make an in-depth
assessment of what is currently happening in this field. Programs developers and other
stakehold