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Introduction

Internationally there is growing recognition that work-related road traffic crashes resulting in injury or
death are a significant public health problem. Professional drivers constitute the most exposed
workforce to occupational traffic crashes, which represent a third part of the traffic casualties
worldwide (EU-OSHA, 2019), and a high economic and health burden for governments, organisations,
and workers (World Health Organization, 2019). The work-related Road Safety Task Group in the UK
estimated that 25% of all road traffic crashes involve someone driving in a work-related capacity
(Bomel, 2004). Furthermore, traffic crashes comprise the largest category of work-related deaths,
accounting for 25-60% of these fatalities (Boufous and Williamson, 2006).

Road traffic crashes have a significant adverse effect on organisations in many ways, including
operational efficiency, reputational, financial, and human costs. The driving for work context is
complex and dynamic, involving different entities and decision makers. Not only do at-work drivers
have to safely operate within the vehicle, traffic, and road environment, but they also must perform
specific tasks. Driving is a complex skill that is acquired, but not mastered, through instruction and
practice. Safe driving depends on the transfer of what is learned under these restricted conditions to
a wider range of circumstances not encountered during training. Driving skill is a combination of
competences that are learned during driving training and consolidated through on-road driving
exposure. Driving a vehicle combines many sub-tasks such as control, guidance, and navigation. Skills-
based training focuses on safely navigating and controlling the vehicle, including speed control, lateral
placement control, hazard detection etc.

In 2022 Travis Perkins plc commissioned three literature reviews to understand the evidence-base
pertaining to skill fade and the effects of stress and distraction on driving performance. This report is
a summary of the findings.

Methodology

Using broad, sensitivity-enhancing search criteria, a systematic database search was conducted in
December 2022 for skill fade and in February 2023 for distraction limited to the study title and
abstract. The reviews began with a list of search terms that were entered into academic databases
called PubMed, Embase, Medline and PsychINFO. Based on the search results the initial search terms
were refined, and the main search conducted to source peer reviewed journal publications and
restricted to English. The PRISMA guidelines (Moher, Liberati, Tatzlaff, Altman & PRISMA Group, 2009)
were adhered to throughout the systematic process of searching, identifying, and evaluating literature
across a broad range of transport-related research for skill decay and distraction. For stress, a critical
review of key papers was conducted. Where it was not possible to retrieve the full text of a publication,
it was excluded. Other forms of literature, such as grey literature (e.g., conference presentations and
theses), unpublished literature, literature with no quantitative data, animal and clinical studies were
excluded. Literature published in peer-reviewed journals were included without restriction if they
could be sourced.

Skill decay

To identify publications on the retention of gross motor skills in the context of transport of operating
machinery the following search term was used.

“Skill* AND (retain* OR retention OR deterior* OR fade OR decay OR practise OR loss) AND (car OR
vehicle OR HGV OR heavy goods vehicle OR LGV OR crane* OR forklift* OR earth mov* OR police OR
paramedic OR ambulance OR fire appliance OR coastguard OR motorcycl* OR e-stooter* OR escooter
OR bus OR minibus OR coach OR military OR canal OR ferry OR tanker OR crane OR ship OR
construction OR fire appliance OR aircraft OR aeroplane OR crash OR accident OR hazard perception
OR training)”
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Distraction

To identify a wide range of studies related to distracted driving the search term was “Driv¥ AND
Distract*” with 1331 papers returned. Further refinement restricted the search to literature reviews,
systematic reviews, and meta-analyses.

The quality of the evidence was assessed (e.g., was the research design sound, adequately evaluated,
which variables were monitored, length of the evaluation, and whether they made robust
conclusions). Included in the review were studies across different operational and transport contexts.

A preliminary look at skill decay studies revealed that there is a wealth of information about how skills
fade in military, industrial and aviation contexts, but virtually none have been published specifically
about how driving skills may fade. Therefore, recommendations contained in this report must be based
upon knowledge gleaned from other related skills to identify learnings that are likely to transfer to the
driving-related context. Transport-related skills are therefore reviewed, e.g. aviation. Like driving,
flying is largely a psychomotor process, with social and emotional components. Like drivers, pilots
must attend to relevant cues both inside and outside their immediate surroundings, recognize such
cues when they occur, decide upon appropriate responses to those cues, and respond accordingly. As
with flying, safe driving for passing a typical driving test of any kind requires psychomotor skills to be
well learned during initial training.

For distraction, eleven systematic literature reviews and meta-analyses were returned in the literature
search that fit the criteria described. Each paper has been reviewed to (1) describe research in the
field pertaining to driver distraction and (2) evaluate the published work for strengths and weaknesses.
These key papers included a review of over 800 studies published between 1969 and 2021 which
would have been beyond the scope of this report to review individually. The approach adopted here
is to understand the main findings in the academic literature on the topic of driver distraction with
reference to the key studies.

Stress

The literature review was undertaken in three stages. Firstly, broad search terms were used to search
the title and abstract limited to the English language between January 2000 and January 2023. The
database searches were conducted using PubMed, Embase, Medline and PsychINFO in January 2023.
Search terms were limited to (Stress* and Driv*) and (work or professional or occupational or
commercial including taxi drivers and other workers who drive on-the-job) to identify publications on
driver stress and driving performance at work. The quality of the evidence was assessed (e.g., was the
research design sound, adequately evaluated, what variables were measured etc.) Further
supplementary, highly focused searches were conducted to investigate the impact of life stress on
driving performance.

A preliminary look at the evidence in a range of different academic databases shows that there is a
wealth of information about stress with thousands of research papers. It was therefore necessary to
focus on specific research questions to ensure that the review focuses on the extent to which
occupational and personal stress impacts on long and short-haul truck driver crash risk. The literature
review undertaken had two purposes: (1) to thoroughly describe previous research in the field
pertaining to driver stress and driving performance and (2) to identify published work for managing
driver stress.

Skill Decay: Summary Findings

The implications of loss of skill are significant for operational safety for all transport modes. The
summary findings from the literature review on skill decay aims to investigate the evidence that driving
skills may decay over time. The studies were reviewed to identify how, when and what aspects of
driving skills may fade. Evidence-based countermeasures are then presented to identify ways in which
driving skills can be improved after periods of driving inactivity.
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Driving Skill Acquisition

Military research has a 60-year history of studying the long-term retention of skills, the balance
between effectiveness and efficiency in training, and the prediction of when and what type of
refreshers will benefit retention of specific skills. Much of this work has involved individual skills in
laboratory or applied settings. For almost 40 years, the view of Fitts and Posner (1967) has dominated
thinking on skill acquisition. Figure 1 graphically represents that skilled behaviours are the result of
progress through three distinct phases. In the first ‘cognitive’ phase, where the beginning performer
is attempting to understand the task, performance is slow, deliberate and error prone. Here, working
memory load is high, largely because performance depends on the learner’s ability to rehearse the
declarative facts. By the second ‘associative’ stage, actions are represented in working memory and
performance is more accurate, gross errors are eliminated and patterns or sequences of performance
elements are beginning to emerge. In the final ‘autonomous’ stage, task performance is reliable,
efficient, fluent, less likely to break down under stress and largely impervious to distraction. The third
stage relies on generalisation, discrimination and strengthening to tune performance, permitting fast
performance with a degree of virtuosity. For experienced drivers, skilled behaviour is carried out with
little or no conscious thought and acquired through prolonged and intensive practice across many
years.

The relationship between driving practice and skill development can be described best by a power
function (Groeger, 2000). According to this function, the gain from driving practice becomes
increasingly less. Commercial truck drivers’ self-reported driving skill compared with their actual
driving performance suggest that they tend to overestimate their driving skills (Stavrinos et al, 2016).

Figure 1: Fitts and Posner’s Stages of Learning
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According to Michon, the driving task consists of three hierarchical levels of skills and control (Michon,
1985). At the top level (the strategic level) the general planning of the trip is executed (e.g., decisions
on where to go and how to go there, whether an automated function should be used etc). At the
middle level (the tactical level) decisions are made regarding manoeuvring control related to the
present circumstances (e.g., selecting speed, avoiding obstacles, turning, overtaking). Finally, at the
lowest level (the operational level) the continuous control of the vehicle is performed (e.g., steering,
braking, accelerating). In uncertain or novel situations, driving is a top-down, conscious activity that
involves the use of higher-order skills such as planning, decision making, and judgement. In top-down
control, the strategic, tactical, and operational aspects of driving described by Michon are up-
regulated or down-regulated to adjust safety buffers (e.g., speed, following distance, lane choice) and
reduce errors when driving. In familiar and unchallenging situations, however, driving is a bottom-up
activity that requires very little attention and becomes almost automated (a proceduralized,
overlearned task performance).

The three levels of behaviour in Rasmussen’s (1987) model map closely with the three hierarchical
levels of driving performance in the Michon model. According to Rasmussen, driving is controlled by
skill-based, rule-based, and knowledge-based behaviours. The skill-based behaviour involves the use
of automated sequences that ensure smooth driving processes, such as pressing on the accelerator to
increase speed and braking to reduce speed. Rule-based behaviour refers to the use of common
driving principles (“rules’), such as changing gears and slowing down when approaching or turning at
an intersection. Knowledge-based behaviour occurs in situations when the driver’'s own driving
experience makes the most sense, such as the knowledge that driving during snow or in dense fog
incurs a higher risk of crashing.

Psychomotor Skill Decay

Skill decay refers to the loss of performance that occurs in the absence of practice (Arthur Jr et al.,
1998). In the absence of rehearsal, productions or pattern-action associations that form the basis of
skilled performance degrade and/or are less accessible, resulting in errors and/or an increase in
response latency over time (Seow et al, 2021). When degradation in performance is observed it is
likely to be due to interference from a newly acquired skill rather than actual degradation of the skill
(Poldrack et al, 2005).

The organisation of gear changing is an example of the effects of extensive practice on the acquisition
of a sequential psychomotor skill. Gear changing is composed of several different actions (e.g.,
accelerator release, depress clutch, etc.), and various elements are learned in a progressive way to
form the entire action. Assume there are seven elements in the entire sequence and that these are
first each controlled by a separate motor program. With some practice, the first two components
might come to be controlled as a single unit, the next three might compose another unit, and the last
two could compose a third. Finally, with considerable experience, the entire sequence might be
controlled as a single unit (Schmidt and Lee, 1999).

A retention interval is the time between a training course and recertification or refresher training, or
between training on how to operate a new type of vehicle and the occurrence of an actual situation
requiring the new type of vehicle to be operated. The retention interval has been studied to allow for
temporary effects of practice (e.g., fatigue or motivational factors) to dissipate. Generally, the longer
the delay between acquisition and retrieval, the greater the opportunity for interference and
forgetting. In general, long retention intervals should produce worse performance than short
retention intervals.
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Most studies on skill retention have been limited to relatively short intervals. Intervals of 6 months or
longer has received virtually no attention in the academic literature. One study looking at skill decay
after one year of no practice amongst pilots returning to training, found that they performed with
great variability (Wick et al, 1986). They used an equation to predict the number of flight hours that
would be required to refresh piloting skills. They predicted that 17 hours of flight training for
experience relative to inexperienced students would be needed to regain skills.

As with driving a truck, instrument flying relies on psychomotor skills or “hand-eye” coordination. Skills
are developed to scan instruments and manipulate flight controls. Mengelkoch, Adams, and Gainer
(1971) conducted a study with trainee pilots learning basic instrument flying skills. After acquiring the
skills, the researchers stopped their flying activity altogether, and then tested them after 4 months for
retention of the skills. The researchers found that when these skills were initially well learned, they
were surprisingly resistant to forgetting, even after 4 months of inactivity. Although motor responses
may deteriorate, brief intermittent practice in the aircraft or on a training device is usually sufficient
to regain them.

Cognitive Skill Decay

Pilot errors due to decision-making tend to be associated with more serious outcomes than errors
involving psychomotor skills (O'Hare et al, 1994). Cognitive skills have been found to have a greater
rate of decay than psychomotor skills in the absence of practice amongst pilots (Vlasblom et al, 2020).
This distinction is explained as differences in the level of automaticity or the extent to which
psychomotor skills are practised and proceduralized in memory. Childs and Spears (1986) found that
correctly identifying cues and classifying situations proved difficult for participants after a long flight
absence. Mengelkoch et al (1971) found that after 4 months of inactivity, pilots’ cognitive skills had
significantly deteriorated and replicated by Schendel et al (1978). Whilst handling skills need to be
well learned first, then practiced occasionally, cognitive skills, regardless of how well they are initially
learned, must be practiced more often. Pilots can wait almost 2 years without flying and still operate
under visual flight rules with no passengers aboard. If they want to exercise the privileges of operating
under the more cognitively demanding instrument flight rules, 6 months of inactivity is the limit.

Childs, et al. (1983) investigated relatively inexperienced private pilots, many of whom had not flown
for several months, who underwent an objective retention flight check two years following their
certification. Analysis indicated that cognitive/procedural types of errors occurred with alarming
frequency during the retention check and pilots often were unaware such errors had been made. Each
pilot failed to acknowledge at least one air-traffic control instruction at some point during the flight
check, and 70% of the pilots used improper entry procedures for one or more of the stall manoeuvres.
These errors serve to illustrate the role of cognitive/procedural elements in decay of flight skill. While
it is not possible to isolate the "mental"” error from the "control" error, flight skills deteriorate, in part,
because pilots forget or confuse task requirements, or they experience decrements in cognitive
monitoring over extended periods of time out of the cockpit. Loss of proficiency may occur because
pilots undergo a decline in recognizing and organising the cues that are necessary for safe and efficient
flight.

Perhaps these findings from the aviation industry are transferable to driving a land-based vehicle, in
which the expectation may be that psychomotor skills remain relatively intact but cognitively
demanding situations in built-up road environments may be challenging for someone that has not had
the opportunity to refresh cognitive skills. The cognitive skills that may have faded include driver
decision making in complex situations and hazard perception.

Skill Decay, Distraction and Driver Stress 6



Inactive drivers after licensure are quite common in Singapore due to the high cost of car ownership.
Upabhita et al (2019) investigated the effect of driving inactivity on hazard perception in a simulated
driving environment. Response time to a hazard and its constituent components (lag time, time to
fixation and perception-response time) were measured. Active drivers were found to respond faster
to hazards than inactive drivers. In a similar study, (Upahita et al, 2018) a different sample of four
groups including active drivers, newly licenced novice drivers, inactive drivers that had never driven
after gaining a driving license, and a group of learner drivers drove through a stretch of expressway
under free-flow conditions, and lane positioning control was monitored. It is found that without on-
road driving exposure, lane positioning control may deteriorate after about 3 months of inactivity.
Driving training to acquire a driving license seemed to play only a small role in preparing drivers for
hazard mitigation with on-road driving exposure strengthening skills in mitigating hazards.

Skill Decay Countermeasures

e Refresher Training - After initial training, refresher training or practice should be implemented
at approximate 3-week intervals if there has been no opportunity to drive at all during this
interval (Driskell et al, 1992).

e Overlearning - Routinely used skills like driving receive considerable practice beyond the level
of initial competence, referred to as overlearning. Skill retention is increased skill by 100%
from overlearning in a meta-analysis of 88 studies (Driskell et al, 1992). Overlearning is
somewhat stronger for cognitive than psychomotor tasks.

® Feedback - the provision of high-quality and timely performance feedback, access to expert
performers and instructors, and goal setting facilitates incremental skill improvements
(Ericsson and Poole, 2016).

e Situational Assessment Skills - Cognitive rehearsal improves assessed via situational
awareness skills, the ability to extract key features from the environment to develop a mental
model of the traffic and road environment (Driskell et al, 1994).

e Distributed Vs Massed Practice - Distributed, spaced practice (e.g., training sessions once a
week) is more effective for long-term skill retention than massed practice (e.g., training
sessions for 5 consecutive days) (Pashler et al, 2007).

e Switching Tasks - skill acquisition is improved using “contextual interference” which involves
switching between different types of learning task within a given training period, instead of
repeating a single task type (Broadbent et al, 2017).

e Context Dependent Training - Two-day training courses can significantly improve drivers’
vehicle manoeuvring skills and vehicle control when cornering (Petersen et al, 2008) and
changing lanes (Petersen and Barrett, 2009).

e Hazard Perception Training - Improves the ability to detect or anticipate potential hazards and
can improve hazard perception test results (Boufous et al, 2011) without increasing driver
confidence or risk-taking propensity (Horswill et al, 2021)

e Commentary Driver Training - Commentary training has been found to lead to improved
hazard perception test scores, increased horizontal scanning during driving and greater speed
reductions when approaching hazards. Trainees provide and/or receive detailed verbal
commentary on a driving scene while driving (Crundall et al, 2010) or watching video clips
(Chapman et al, 2002; Isler et al, 2009).
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e Expert Commentary Driving - Expert commentary on a drive shown via video clips allows
drivers to watch videos with expert comments. Only eight minutes of commentary videos can
improve novice drivers’ hazard perception (Castro et al, 2016). Compared with young novice
drivers who received expert commentary training and those who did not receive training,
significant improvements in visual search were found (Zhang et al, 2022).
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Distraction: Summary Findings

A commonly accepted definition of distraction states that “Distraction involves a diversion of attention
from driving, because the driver is temporarily focused 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”. A large and expanding body of research
has found that engaging in distracting activities negatively effects driving performance in many ways.
These degradations due to visual, manual, or cognitive sources have been shown to translate into an
increased risk of crash involvement. Driver distraction is detrimental to drivers’ decision-making
processes, particularly when performing complex or unexpected driving tasks and manoeuvres. When
crashes do occur, they are often caused by drivers failing to look at the right thing at the right time.
Even if they look in the right direction, the cognitive demands of a competing activity can interfere
with detecting safety-critical changes. Drivers may become distracted at more dangerous times e.g.,
at junctions, when driving too fast, when driving in heavy traffic, when driving tired or in a bad mood
and when driving in bad weather etc.

Of those who die in road traffic crashes, inattention has been cited as either the most dangerous error
drivers can make or the second most dangerous (Craft and Preslopsky, 2009). It has been estimated
that anywhere between 16% and 80% of traffic crashes are directly or indirectly attributable to driver
distraction (Dingus et al, 2006; NHTSA, 2010). Estimates indicate that secondary task distraction is a
contributing factor in up to 23% of crashes and near-crashes (Klauer et al, 2006) and extended glances
to external sources of distraction have been found to increase crash risk by an odds ratio of 7.1 (Dingus
et al, 2016). Horrey and Wickens (2007) found that over 80% of the crashes in their study were
attributable to drivers glancing inside the vehicle for longer than 1.6 s. Klauer et al. (2006) also found
in a naturalistic driving study that glances of more than 2 s inside the vehicle increased the odds of
crashing by three times. In an in-depth examination of 474 crashes, Staubach (2009) found that a
significant number of crossroads, lane departure and same direction crashes were the result of errors
caused by the driver being distracted. Sandin (2009) found that distraction contributed to a range of
errors occurring at intersections including missing a sign or traffic signal, misjudging the timing of
amber lights, and failure to see other vehicles. Ismaeel et al (2020) conducted a study of 163 car drivers
across 5 European countries including the UK and in-vehicle cameras were used to observe behaviour
at intersections. The results showed that for 1630 intersections coded, approximately half of the
intersections and one-quarter of the total observation time contained a secondary task interaction.
These findings show that secondary task engagement is common and frequent occurrence at junctions
where a large proportion of crashes take place. Some drivers may be reluctant to undertake secondary
activities under challenging driving scenarios (e.g., Funkhouser and Sayer, 2012) whereas others may
have an inaccurate perception of risk and/or overinflated view about their driving skills.

Driving (primary task) while performing a secondary task (e.g., using a mobile phone) has been a major
focus of road safety research. Drivers can be distracted not only due to holding conversations on the
phone but also due to other mobile phone related activities, including using the internet, sending, and
receiving emails, and texting. Mobile phone distractions can be categorised as cognitive, visual, and
manual. The driver might engage with the device and manually input a response, leaving one hand on
the steering wheel, and thus decreasing physical control of the vehicle. Further cognitive demand is
exerted in responding to the content of the message. An incoming text message also attracts the
driver’s visual attention by the screen lighting up, often accompanied by an audio cue, both of which
compete for the already limited attentional resources. Drivers using mobile phones may miss up to
50% of available visual information (Strayer et al, 2006). Smartphone and tablet activities are more
distracting because they are more cognitively engaging and are performed over longer periods of time
(Strayer, et al 2006).
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Distraction generally leads drivers to take their eyes and mind off the road when doing more than one
thing at a time and relatively brief glances away from the road can increase brake reaction time and
reduce the ability to spot and respond to hazards (Horrey and Divekar, 2016). Secondary cognitive
tasks such as holding a conversation on a mobile phone can also alter drivers’ visual scanning patterns
and less frequent checking of rear-view and side mirrors and vehicle instruments. Internal imagery
can distract from hazard detection (Briggs et al, 2016) resulting in attention being withdrawn from the
processing of relevant information and information retrieval errors. Several studies have found that
drivers may not react to or recall an object or event even if they have visually fixated on it (attentional
blindness).

Distraction and Driving for Work

Professional drivers are more exposed to greater risk as they drive for long periods of time and as a
daily routine. Salminen and Ldhdeniemi (2002) showed that people who are driving for work were
more likely to be distracted by thinking about work, be in a hurry, be tired, and be using a mobile
phone. In one study (Engelberg et al, 2015) about a third of employed adults felt obligated to take
work-related calls while driving. Distraction has been attributed to 70% of truck crashes (European
Commission, 2015). Hammond et al (2019) used in-vehicle data recorders to identify safety-critical
events such as crashes, near-crashes, crash-relevant conflicts, and unintentional lane deviations.
Results show that 40% of truck crashes had some kind of distracting behaviour. These included
electronic secondary tasks by truck drivers such as the use of a dispatching device, calculators, and
mobile phones.

An analysis of naturalistic driving videos among fleet services drivers for errors and distracting
behaviours occurring in the 6 seconds before crash impact revealed insight into fleet driver behaviour
(Harland et al, 2016). Of the 229 crashes analyzed, 101 (44%) were rear-end and 128 (56%) were angle
crashes. Drivers in rear-end crashes were over three times more likely to being distracted than those
in angle crashes. Over 95% of rear-end crashes involved inadequate surveillance compared to only
52% of angle crashes. Almost 65% of rear-end crashes involved a potentially distracting driver
behaviour, whereas less than 40% of angle crashes involved these behaviours. On average, drivers
spent 4.4 s with their eyes off the road while operating or manipulating their mobile phone.

There are notable age and experience differences in secondary task engagement. Although younger
drivers are found to be more inclined than older drivers to engage in phone tasks during driving, their
performance is found to be less affected by the phone use (Oviedo-Trespalacios et al, 2016). Impaired
visual perception and responses are the main reasons behind the degraded driving performance of
older drivers. However, professional drivers can better maintain the lateral position compared to
young drivers (Wu et al, 2016). Chan et al (2010) found that inexperienced drivers performed less
safely than did experienced drivers. Both studies also found that there was no significant difference
between the groups in terms of total time spent on the task. This means that experienced drivers took
smaller but more frequent glances inside the car than younger inexperienced drivers. Drivers generally
increase their safety margins to reduce the increased risk of performing a secondary task but, younger
drivers have reduced safety margins compared to older and middle-aged drivers.

Below is a summary for each of the key papers reviewing distraction research of relevance for this
review.

A Meta Analysis of Mobile Phone use (Horrey and Wickens, 2007)

In a meta-analysis, Horrey and Wickens (2007) reported that the costs associated with mobile phone
use while driving are primarily due to response time to critical road hazards or stimuli. The costs
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associated with lane-keeping or tracking performance are much smaller and these tasks may depend
on separate resources. Lane keeping may be a skill that is relatively automatic and psychomotor,
whereas responding to road events or stimuli may be primarily cognitive because drivers must not
only detect critical objects but also select an appropriate course of action. The magnitude of the
reaction time effect of mobile phone use was relatively small (an average delay of 130ms). Crashes
are often caused by “worst-case” performers under “worst-case” circumstances, and at the tail end
of the distribution reaction time delay can be expected to be considerably longer. The meta-analysis
suggests that costs in driving performance are equivalent across hands-free and handheld phones,
suggesting that the larger part of these costs is attributable to the cognitive aspects of conversation
and not to the manual aspects of holding the phone. Conversation tasks showed greater costs in
driving performance than did information-processing tasks attributable to the greater “engagement”
associated with actual conversations. The costs of engagement may be more pronounced when the
conversation is intense such as when managers call to find out why the driver is delayed.

Driver distraction and Driving Errors (Young and Salmon, 2012)

Driver distraction contribute to errors by affecting cognitive processes such as perception, planning,
decision making, and situation awareness, as well as by interfering with vehicle control tasks. The
authors suggest there are four ways in which distraction leads to driver error.

1. Distraction disrupts natural driving performance variation leading to action errors.

2. Distraction disrupts visual scanning behaviour and situation awareness leading to observation
errors.

3. Distraction disrupts cognitive processing leading to information encoding and retrieval errors.

4. Distraction disrupts decision making leading to cognitive and decision-making errors.

Systematic Review and Meta-analyses of Distracted Driving (Ferdinand et al, 2014)

Ferdinand et al (2014) reviewed 350 papers reporting results from secondary tasks and driving
performance. Most studies did not differentiate between age groups and almost half the analyses
were conducted in the United States. Almost half of the studies collected data in real-world or
naturalistic settings, and just over half of the studies were conducted in simulated driving
environments. Most studies analysed the use of mobile phones as the secondary task. Almost 80%
reported a statistically significant detrimental relationship between secondary tasks and driving
performance with crashes being the most explored outcome variable.

Multiple Driver Distractions (Lansdown et al, 2015)

This systematic review of multiple driver distractions presents two key findings. Systematic
classification of distracting tasks with respect to driving is challenging, and engagement with Multiple-
Additional-to-Driving (MAD) tasks is almost universally detrimental to driving performance. Cognitive
overload due to MAD tasks can be expected as increasingly automated vehicles move towards greater
complexity. Drivers are especially prone to distraction when allocating attention to more than one
task at a time and believe that we comprehend everything available to our eyes and frequently fail to
maintain an appropriate attentional focus or resist distractions from other sources. Attention-
grabbing stimuli from inside and/or outside the vehicle lead to MAD tasks requiring greater multi-
modality, more task switching and extended interactions, conflicts are more likely to occur from
various information processing bottlenecks.

Mobile Phone Use in Naturalistic Driving (Simmons et al, 2016)

Simmons et al (2016) performed a meta-analysis of naturalistic studies on the use of mobile phones
on distraction to harmonise some of the studies that show discordant findings. For example, Hickman
and Hanowski (2012) report that the odds of a safety-critical event occurring while texting and driving
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are 163.59 times greater than when not texting, while Fitch et al (2013) report that the odds are only
1.73 times greater and not statistically significant. Simmons et al (2016) found that using a held device
while driving, showed a significant increase in SCE risk odds ratio of 4.04 but variability between
studies limit the interpretation of this finding.

Voice Recognition Systems and Visual Manual Tasks (Simmons et al, 2017)

Multiple Resource Theory (MRT) predicts that separate visual and auditory inputs permit easier task
sharing, whereas dual-task interference worsens when two simultaneous tasks compete for the same
input modality (Wickens et al, 2013). Voice-recognition systems are expected to minimize diversion of
the driver's eyes from the roadway because interactions can be completed using verbal inputs. There
is a prevalent view amongst vehicle manufacturers that voice-recognition (V-R) systems may decrease
the visual-manual (V-M) demands of a wide range of in-vehicle system and smartphone interactions.
The degree that V-R systems integrated into vehicles or available in mobile phone applications affect
driver distraction is investigated in this study using a comprehensive meta-analysis of experimental
studies. Compared to baseline, driving while interacting with a V-R system is associated with increases
in reaction time and lane positioning, and decreases in detection. When V-M systems were compared
to V-R systems, drivers had slightly better performance with the latter system on reaction time, lane
positioning and headway. Although V-R systems have some driving performance advantages over V-
M systems, they have a distraction cost relative to driving without any system at all.

Distraction Types and Performance Measures (Atchley et al, 2017)

Atchley’s systematic review revealed a range of different distractions that have been investigated for
effects on driving performance. The researchers categorised and defined these distraction sources as
talking, text messaging, manual tasks, visual distractions, cognitive distractions, auditory distractions.
Performance measures were also defined as lateral manual control, longitudinal control, speed,
headway, crashes, vision and attention, cognitive workload, cognitive measures and conversational
measures.

Passengers and Driver Distraction (Theofilatos et al, 2018)

Passenger interaction requires extra amounts of mental workload and cognitive functions and can
slow reaction times to events for both the time to mentally register the effect and the time to
physically react to it (Stutts et al, 2001). This review and meta-analysis of findings regarding the effect
of conversation with passengers on road safety outcomes estimated that passenger interaction
related crashes are associated with 3.55% of total crashes reported, while the percentage is 3.85%
when teens and children are excluded. Conversations appear to induce heightened mental workload
and impose varying levels of distraction on drivers.

Neural correlates of secondary task performance (Pamiero et al, 2019)

Neuroimaging techniques have been used in simulated driving and multitasking showing the brain
systems that are mostly active when performing a secondary task. Palmiero et al (2019) reported brain
activations associated with driving performance decrements when a secondary task is added with a
significant shift in activations from the posterior to the anterior cerebral regions. There was also
greater recruitment of frontal areas occurs during simulated distracted driving and seems to be
consistent across studies. The greater involvement of frontal areas during distracted driving might
reflect a competition for limited resources and attentional reallocation. In particular, the prefrontal
cortex plays a key role on goal-directed stimulus selection and response as a top—down attention
control, coordination of temporal order for task interference and mapping concurrent sensory
information for motor behaviour. During a secondary task, attentional resources are re-directed away
from visual or motor processing, and some of the neural programs can lead to crash involvement,
even if driving behaviour is not explicitly affected. The results suggest that attention and arousal at
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the neural level are affected earlier than observed behavioural measures. Performing a secondary task
may absorbs attentional resources primarily at the neural level, making driving unconscious, as if the
driver is on autopilot.

The Brain and Distracted Driving (Haghani et al, 2021)

In their review of 85 studies, Haghani et al (2021) reported that neural correlates of distracted driving
constitute a great portion of the studies, and neuro-cognitive effects of having conversations while
driving were highlighted. Differences in brain activity modulated by the sentiment of the conversation
or whether the conversation is in a person’s native, or second language has been investigated. Some
of the key papers reported in Haghani et al (2021) suggest that holding a conversation whilst driving
affects spatial attention and may interfere with tasks such as reversing. Just et al, (2008) observed
that with the addition of the sentence comprehension task, brain activation in the parietal and
superior extrastriate decreased while the activity in the temporal and prefrontal language areas
increased. They concluded that while the driving and language comprehension tasks largely draw on
non-overlapping cortical areas, the introduction of the secondary task significantly decreases the
activity of brain areas associated with spatial processing during driving. Sasai et al (2016) studied brain
activity in a simulated driving listening paradigm where drivers engaged in either an integrated task
(i.e., listening to the GPS) or a split task (i.e., listening to a radio) as fMRI data was collected showing
that a driver’s brain may functionally split into two separate driving and listening systems when the
listening task is unrelated to the driving task, but not when the two tasks are integrated. Baldwin et al
(2017) collected EEG brain signals and self-reported distraction reports on recurring monotonous
simulated freeway driving in a simulator. They observed that the frequency of mind wandering was
high among drivers.

Route Familiarity and Distraction (Intini et al, 2019)

Habituation on familiar routes means that drivers may fail to notice recent road changes such as
roadworks, especially on easy routes and driving conditions, the mind can be unconsciously occupied
by non-driving-related thoughts or “mind wandering”. Drivers’ adaptation to overly familiar routes is
associated with choosing higher speeds and being less focused on driving tasks (Burdett et al, 2018;
Yanko and Spalek, 2014). Speed has consistently been found to increase over time with route
familiarity (Colonna et al, 2016) and may be related to a typical trade-off between safety (more risks)
and mobility (shorter travel time), especially for work related driving in which there may be some
perceived benefit in getting deliveries done quickly. Charlton and Starkey (2011) highlighted that
mindless driving was more likely to occur the more participants became accustomed to driving
scenarios. However, whilst driving became more efficient with increased experience and automaticity,
detection capability decreased. Studies investigating driving behaviour on familiar routes have
reported high levels of engagement in distracted driving activities (Wu and Xu, 2018); increases in
reaction times (Yanko and Spalek, 2013) and decreases in glance duration for road signs (Martens and
Fox, 2007); traffic violations and greater deviations of lateral positions than unfamiliar drivers
(Colonna et al, 2016). Two studies (Baldock et al, 2005; Intini et al, 2018) revealed an over-involvement
of route-familiar drivers in rear-end crashes that may be explained due to possible greater tendency
to adopt shorter headways (Yanko and Spalek, 2013) or to brake at shorter distances from an
intersection (Wu and Xu, 2018).

Distraction Countermeasures

Interventions that aim to reduce distracted driving are varied. Strategies range from technological to
behavioural. Some key evidence-based interventions are presented below.
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e Classroom-based Distraction Training - An intervention for 1-hour called ‘Just Drive’ class
delivered by driving safety experts targeted businesses and organisations. Results showed
significant increases in distraction related knowledge after the training and in the three-month
follow-up survey (Hill et al, 2020).

e Self-Regulation Training - Self-regulation is when drivers adjust their behaviours in accordance
with changes in demand situations and this mitigates the effects of distraction. When
experiencing a loss of awareness or focus on the driving task, self-regulatory strategies can be
employed to sustain attention and included both cognitive and behavioural strategies (Wells
and Matthews, 1996).

e Distraction Training at Intersections - Intersections represent almost 60% of the total number
of injury crashes in the UK (Simon et al, 2009) and distraction is prevalent at junctions.
Distraction training on the additional demands at junctions is recommended.

e Advanced Driver Assistance Systems (ADAS) - ADAS automate elements of the driving task
providing warnings, while others automatically intervene in the control of the vehicle. There
is a lag between the current literature and the most recent forms of new vehicle technology.
Even if these systems improve driver performance, they may not always improve driving
safety as drivers may over rely on the automation and engage in secondary tasks. The most
effective technology may be that which monitors driver state and driving behaviour and helps
attend to the roadway and recognize unsafe behaviour (Donmez et al, 2007).

e Reversing cameras — ADAS using reversing cameras aim to assist the driver to avoid
pedestrians and cyclists to the rear of the vehicle. However, researchers report they are
relatively ineffective in avoiding collisions (Kidd et al, 2015; Rudin-Brown et al, 2012; Keall et
al, 2017).

® Vulnerable Road User Training - Crashes between trucks and VRUs originate from the
combination of visual attention lapses/slips (e. g., distraction, visual scanning mismatches,
temporal blind spots), reduced visibility of the VRU (e.g., spatial blind spots), and expectation
mismatches (e.g., expectation about the truck driver or VRU behaviour). The most frequent
cause of the collision involved either the driver or the pedestrian not looking properly during
a reversing manoeuvre (Fildes et al, 2014). Behavioural training is recommended for
improving VRU safety.

e Work-based Educational Campaign - An educational campaign about the dangers of distracted
driving was evaluated by observing the incidence of distracted driving the incidence of
distracted near the entrance of the staff parking area. The campaign included interventional
points in the cafeteria for 1 week on the risks of texting and driving, an educational video,
informative brochures and “Don’t text and drive” signs. The incidence of distracted driving at
baseline was 11.8% showing a 32% reduction post intervention, which remained low even at
6-month follow-up (Joseph et al, 2016).

e Mindfulness Training - Mindfulness promotes greater situation awareness of the driving
environment, enhancing concentration, and assisting drivers to maintain selective and
sustained attention (Kass et al, 2011).
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Stress: Summary Findings

The results of the review have been organised into themes emerging from the literature. Each theme
is presented under a subheading and a corpus of evidence identifies research findings from this
literature.

Driver Stress and Driving Performance

Driving for work means that drivers are particularly prone to adverse stress and fatigue reactions
(Matthews, 2002; Desmond and Matthews, 2009: Oz et al, 2010; Bergomi et al, 2017) and this can
impact on driving behaviour in several ways. Stress has a detrimental effect on cognitive functioning,
such as inhibiting appropriate decision-making, directing attention towards processing the emotion,
and impeding goal-directed choices by reducing self-control (Maier et al, 2015). The impact of stress
on driving performance are therefore mediated by behaviours including cognitive lapses, errors, and
intentional traffic violations (Westerman and Haigney, 2000). Truck drivers often experience
symptoms of driver stress such as worry, irritation, and anxiety. Oz et al (2010) found that professional
drivers are more prone to stress reactions in traffic and to commit risky traffic behaviours compared
with non-professional drivers. Shatnell et al (2010) reported that 12% of the truck drivers felt stressed
and anxious. The transactional model of stress has also been applied to the driving context and tested
in dozens of studies (Dorn, 2021). Here, driver stress vulnerability relates to cognitive processes of
appraisal and coping (Matthews et al, 1998) and explains that demands may exceed perceived
capability or resources. The transactional model states that the way in which an individual appraises
the situation and copes with the stressor has an impact on their stress response (Dorn, 2021). This
helps explain why two employees might experience the same stressors and yet respond differently.
For truck drivers, stress factors are associated with performance impairments primarily in underload
conditions (Matthews and Desmond, 1998). Occupational stressors also contribute to driver stress
with decreased vigilance as drivers become less able to focus on the driving task and crash risk is
increased (Legree et al, 2003).

Driver Stress and Distraction

The relationship between anxiety and task performance has been demonstrated consistently in the
academic literature (Shi et al, 2019), several studies have also directly extended this to the driving
task. Anxiety negatively predicts driving ability via: (1) the number of attentional lapses in a driving
task (Wong et al, 2015); (2) prolonged attentional focus on stimuli (Gotardi et al, 2019); (3) more task
irrelevant attentional processing (Metz et al, 2017) and (4) less micro-regulation of both speed and
lateral positioning (Lemercier et al, 2014). Stress and worry have a negative effect on both task related
processing and attention capacity during the driving task and weaken the person’s capacity to inhibit
processing initiated by distracting stimuli (Eysenck and Derakshan, 2011).

However, whilst tangible forms of distraction (e.g., mobile phone use) demonstrate a straightforward
impact towards attentional capacity when driving, cognitive factors processing emotions are much
more complex and considerably more difficult to identify. Attention to the driving task is inhibited by
internalised thought processes, such as worry and stress, because such content occupies the
processing of working memory. It is also likely that emotional factors such as driver stress when driving
for work may impact on brain activations and lead to greater levels of distraction for some driver
compared with others. For example, carrying out an emotional conversation task (different questions
presented using a neutral or angry speech tone) showed that angry emotional tone enhanced the right
fronto-parietal networks and yielded dampening of the left frontal activity as compared to neural
emotional tone (Hsieh et al, 2010). Dampening of the left frontal activity may be implicated in poor
driver decision making.
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Occupational Stress and Effects on Driver Behaviour

Occupational stress is linked to decreased job satisfaction, reduced efficiency and performance,
physical depletion and fatigue, absenteeism, and turnover (Cushway et al, 1996) but studies have also
found that occupational stress is a risk factor for driving performance. Many studies have reported
the link between occupational stress and fatigue, distracted driving, speeding, number of moving
violation tickets received in the previous 12 months and work-related crashes (Bunn et al, 2005; 2009;
2012; 2013; Apostolopoulos et al, 2010; Sabbagh-Ehrlich et al, 2005; Cartwright et al, 1996). Early
research on stress for commercial drivers has pointed to workload as the main causal factor with large
elevations of blood pressure and stress hormones (Evans et al, 1987). Workload has been defined in
terms of role overload and conflicting demands on the driver. Increased workload has been associated
with increased exhaustion after work, difficulties in unwinding after work, problems in coping with
demands at home, and recreational use of free time. Rydstedt and Johansson (1998) in an 18-month
longitudinal study of commercial vehicle drivers found that changes in workload were strongly
associated with perceived effort to carry out tasks as well as with fatigue spill over from work to leisure
time and home life. Occupational stress also affects the quality of sleep (Kecklund and Akerstedt,
2004). Shorter work hours have been associated with reduced stress and better sleep health (Hege et
al, 2015), and improving sleep health has been associated with improved stress responses and lower
stress levels (Ebrahimi et al, 2015; Krueger et al, 2007). Professional drivers have a very high
prevalence of sleep disorders and complaints of poor sleep. In a cross-sectional study involving a wide
sample of truck drivers, Garbarino et al, (2016) observed that participants experienced a sleep debt of
two or more hours (24.3% prevalence rate), Obstructive Sleep Apnoea (25.4%), and excessive daytime
sleepiness (13.4%). The competing demands of a busy work pattern, poor scheduling, and night shifts
can lead to bad sleep habits that cause sleep debt and consequent daytime sleepiness (Braeckman et
al, 2010). Guglielmi et al (2018) found that both suspected OSA and perception of low sleep quality
were associated with psychological distress.

Management Practises and Safety Culture

Shared attitudes, values, norms, ideas, beliefs, and behaviours at work impact upon employees’
exposure to risk while at work and can be seen as the safety culture of the organisation (Guldenmund,
2000). Management practices include management concern for employee well-being; adequacy of
training; provision of safety equipment, quality of safety management systems and communication;
and employee involvement in workplace health and safety (Neal et al, 2000). Safety climate risk factors
identify how truck drivers can be influenced by the pressures, beliefs, instructions, and safety policies
of the company in which they work and how this can influence their driving behaviours (Zohar, 2010;
Brady et al, 2009). Studies have identified that organisational culture is the strongest predictor of
work-related stress (Strahan et al, 2008) and significantly predict several driver safety-related
behaviours including traffic violations, driver error, driving while distracted and pre-trip vehicle
maintenance (Wills et al, 2006). Morrow and Crum (2004) reported that perceptions that trucking
company employees held of management safety practices were predictive of driving fatigue and
fatigue-related near misses.

In an industry with a shortage of skilled drivers, poor health status and a consequential high
absenteeism, and low profit margins, employers may place excessive demands on drivers. Most of the
existing studies of commercial truck driver safety have focused on the demands of driving a truck from
an occupational perspective and how stress at work impacts on performance. Occupational stress is a
term used to describe stress that originates from the work environment and is different to life stresses.
Full-time professional drivers are exposed to a range of stressors, and these can vary according to the
type of vehicle being driven and the nature of the work. Occupational stress can spill over into home
life, especially if shift patterns are not optimal, resulting in poorer health and work performance (Evans
et al, 1999). Driving trucks can be socially isolating and requires heightened alertness to deal with
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inconsiderate road users who may miscalculate the operational capabilities of a large vehicle. Dealing
with difficult customers is also a known stressor of driving a truck for work.

Professional Driver Health and Coping

Multi-level chronic stressors experienced by truck drivers often induce detrimental behavioural and
psychosocial responses that significantly contribute to their excessive health and safety disparities.
Truck drivers are more likely to be physically inactive and to have disrupted sleep cycles and higher
levels of stress (Angeles et al, 2014; Apostolopoulos, 2010; Bigelow et al, 2012; Sieber et al, 2014).
Coping behaviours for dealing with stress amongst truck drivers compared with other professions
include unhealthy eating, smoking, and drug/alcohol use (Apostolopoulos et al, 2013; Williams et al,
2017; Shattell et al, 2010). These coping responses reduce the physiological capability of truck drivers
to handle stress in the long-term and lead to health problems including immune system dysfunction,
cardiovascular disease, and diabetes. Further, these stressors can lead to emotional exhaustion and
burnout (Williams et al, 2017). Prolonged stress is also associated with strokes, and gastrointestinal
diseases (Tse et al, 2006). Of the numerous studies performed in various countries on cardiovascular
disease and professional driving over a span of almost three decades, nearly all have shown an excess
risk of cardiovascular disease among professional drivers. Stress has been linked with cancer, coronary
heart disease/stroke, accidents, and poor mental health. Commercial drivers are therefore plagued
with high rates of disease often attributed directly to the nature of the job (Bigelow et al, 2012; Lemke
et al, 2015) including an increased risk of psychological and musculoskeletal disorders compared to
the general population (Apostolopoulos et al, 2010). The mechanisms for the link between health
status and the demands of driving a truck have been considered both indirect, through effects of stress
on health behaviours (e.g., poor diet and smoking), and direct (e.g., biological changes including
neuroendocrine changes and adaptations) (Aronsson and Rissler, 1998). There is a bi-directional
relationship between poor health behaviours and stress. In other words, stress can lead to poor health
and poor health can also be stressful. The nature of the work and coping responses leads to an
increased risk of metabolic syndrome and insulin resistance, disturbances of blood coagulation, and
the disruption of immune responses developing (Belkic et al, 1998). Relative to the general population,
truck drivers are a vulnerable group as evidenced by a range of poorer health outcomes. Jovanovic et
al (1998) reported that drivers with cardiovascular disease were twice as likely to have an accident
and be at fault than were healthy drivers. Hakkanen and Summala (2001) investigated over 300 fatal
two-vehicle trailer-truck crashes and found that the probability of being principally responsible for a
crash increased by a factor of 3.5 if the driver had a chronic illness. In other studies, diabetic heavy
goods vehicle drivers were more likely to have a crash than were nondiabetic HGV drivers (Dionne et
al, 1995; Laberge-Nadeau et al, 2000).

Need for recovery after work reflects the extent to which workers feel they cannot adequately recover
from work-related stress and fatigue after a working day, and this mediates the relationship between
exposure to stressful working conditions and the development of psychosomatic health problems in
the longer term. Repeated insufficient recovery after a working period therefore can be seen as the
take-off of a vicious circle where extra effort must be exerted at the beginning of every new working
day to rebalance the suboptimal psychophysiological state and to prevent performance breakdown
(Sluiter et al, 1999). The consequential effects of repeated insufficient recovery leads to a cumulative
health deterioration and can result in long-term sickness absence. de Croon et al (2003) in a study of
over 1000 truck drivers over 2 years found that high baseline need for recovery after work was
associated with an increased risk for subsequent sickness absence after adjustment for age, previous
sickness absence, marital status, educational level, and company size. They concluded that a high need
for recovery after work increases the risk of subsequent sickness absence that is not explained by
relevant (non-) work-related factors.
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Time Pressure and Scheduling

Time pressure has been identified as a causal factor for risk taking in a survey of 9475 drivers
(McKenna, 2005). Those who claim that they frequently exceed speed limits also report that time
pressure plays a significant role in their choice of speed behaviours. Time pressure is often seen as a
cause of negative emotional reactions and, in the case of chronicity, a source of stress (Szollos, 2009).
A French study found that time constraints, time uncertainty and goal importance are causal factors
for time pressure and chronically present amongst in professional drivers. Truck drivers have an
increased exposure to traffic congestion and time pressure combined with long hours spent driving, a
common factor in driver stress (van der Beek et al, 1995; Vivolvi et al, 1993). Many researchers support
the assumption that saving time and energy is the most prevalent reason for performing traffic
violations under time pressure (Lawton et al, 1997; Salminen and Lahdeniemi, 2002). Forward (2006)
pointed out that drivers who committed speeding violations reported perceived gains (i.e., getting to
the destination faster) rather than perceived negative outcomes such as traffic crashes. Time pressure
predicts aggression, irritability, frustration, and negative mood (Matthews, 2002). For the loading and
unloading of cargo, less experienced truck drivers have an increased likelihood of suffering with stress
in situations involving time pressure compared with experienced drivers (Apostolopoulos et al, 2013;
Beilock, 2003).

Driving for work risk factors include long hours, tight delivery schedule with some form of job
performance or delivery targets to achieve (Stevenson et al, 2010; Hanowski et al, 2007, 2009; Chen
and Chen, 2011; Khorashadi et al, 2005). Between 36% and 71% of drivers have reported tight
schedules and pressure to deliver on-time as factors for stress and unsafe driving (Apostolopoulos et
al, 2016). Long schedules also increase the risk of fatigue and crash involvement as seen in U.S. 1,564
truck driver crash data (Jovanis et al, 2011). Driving time was a statistically significant predictor of
crash risk with increasing crash odds as driving time increased from hour 5 through to hour 11 and
driving breaks reduced crash risk.

Work Family Conflict

Ample evidence supports the detrimental effect of work-family conflict on various work, non-work,
and health-related outcomes (Amstad et al, 2011). Work-family conflict is an inter-role stress that
results from incompatible demands from work and family domains. According to the conservation of
resources theory (Holmgreen et al, 2017), such inter-role conflict leads to stress because personal
resources (e.g., time and energy) are lost in the process of juggling both work and family roles,
resulting in a negative state that can lead to petulance, fatigue, physiological tension, and negative
emotions. Even though interest in the work-family domain is not new, the potential impact of work-
family conflict on road safety has been largely ignored. However, Turgeman-Lupo and Biron (2017)
demonstrated that work-family conflict leads to increased unsafe commuting behaviours, and Shukri
et al (2021) found that work-family conflict predicts dangerous driving behaviours. Individuals with
higher work-family conflict experience self-regulation breakdown because holding multiple roles may
require them to use their resources to regulate and suppress emotions other than managing the
limited time and energy. Such situations may, in turn, impair the motivation to adopt safety measures
whilst driving.

Life Stressors

Everyday critical life events that naturally happen to many individuals at certain times during their
lives are not unexpected. These life events include, marriage, childbirth, divorce, death of parents,
retirement etc. Nonnormative life events, such as accidents, or loss of loved ones, may be less
frequent or not happen at all. Losing a loved one in consequence of a terminal illness can be a very
stressful experience. Psychiatrists Holmes and Rahe (1967) examined over 5000 patient’s medical
records to determine whether stressful events cause illnesses. Patients ranked a list of 43 life events
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based on a relative score leading to the development of the Social Readjustment Rating Scale (SRRS).
Many validation studies have subsequently supported the scale and subsequent studies suggests that
a change in life requires an effort to adapt and then an effort to regain stability leading to a depleted
immune system. Driver stress may be reciprocally related to stress in other domains including
domestic life. For example, Norris et al (2000) found that financial difficulties were associated with
higher crash risk. Early work has focused on personal life stress factors beginning with work by Brenner
and Selzer (1969) who conducted an in-depth analysis of 96 drivers that had been killed in crashes
that they were responsible for. Drivers had experienced significant social stress during the 12-month
period preceding the fatal accident compared with a matched control group and were estimated to
be five times as likely to cause a fatal crash as drivers without such stress. It is likely that drivers
become preoccupied by thoughts about stressful encounters and situations and that rumination and
worry affect driving performance by distracting them from safe driving. McMurray (1970) examined
the driving records over a seven-year period for 410 drivers who had been involved in divorce
proceedings. She found that crash involvement and traffic violations were significantly higher for the
divorced drivers than for the wider driving population. The percentage of participants involved in
crashes and traffic violations steadily rose in the six months immediately prior to filing for divorce,
reached a peak within three months after filing, then declined. It is suggested that during such a period
of personal turmoil, psychological strain due to life stress has a significant impact on safety behind the
wheel. Lagarde et al (2004) used retrospective self-report data from a sample of French drivers to
examine serious motor vehicle crash involvement over a seven-year period and found participants
who had been involved in marital separation or divorce within the year prior to the crash were more
than four times more likely to be at-fault than other drivers. Similarly, Legree et al (2003) used
retrospective self-reports to examine antecedents to road crashes over the previous five years. They
also found that heightened stress due to life events was related to at-fault status.

PTSD and Effects on Driving Performance

Chronic stress can lead to post-traumatic stress disorder (PTSD) which is an anxiety disorder caused
by very stressful, frightening, or distressing events. PTSD is marked by intrusive symptoms related to
the trauma, negative alterations in cognitions or mood, difficulties experiencing positive emotions and
alterations in arousal and reactivity (e.g., difficulty concentrating or sleeping, irritability). PTSD
symptoms are often severe and persistent enough to have a significant impact on the person's day-
to-day life. PTSD can develop immediately after someone experiences a disturbing event, or it can
occur weeks, months or even years later. PTSD is estimated to affect about 1 in every 3 people who
have a traumatic experience. Any situation that a person finds traumatic can cause PTSD. The theory
of sustained activation (Knardahl et al, 1985), states that the psychophysiological activation response
enables the individual to react successfully during a stressful situation. In the short term, the activation
response is considered adaptive. In the longer term, however, health problems may appear when the
elevation of this psychophysiological response is prolonged. This prolonged response is labelled
sustained activation. Sustained activation results from the chronic exposure to fluctuating or
heightened neural or neuroendocrine response resulting from repeated or chronic environmental
challenge that an individual reacts to as being particularly stressful. Repeated exposure can lead to
pathophysiological consequences that include an increased risk for the incidence of cardiovascular
disease (Seeman et al, 1997) suppressed cellular immunity (Cohen et al, 1991), and an increased
likelihood of chronic musculoskeletal tension (a risk factor for musculoskeletal health problems)
(McEwan, 1998).

Several studies have explored the relationship between PTSD and emotions experienced while driving.
Feelings of anger and irritability as well as risk-taking and hypervigilance behaviours is one of the main
emotions that may increase the risk of being involved in a crash. Typically, driving in an aggressive
manner (Possis et al, 2014). According to both Whipple et al (2016) and Zinzow et al (2013), individuals
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with PTSD reported higher levels of anxiety and/or hyperarousal while driving relative to healthy
controls. Tessier et al (2017) showed that individuals with PTSD endorsed greater anger and were less
likely to employ coping self-instructions while driving as compared to those without PTSD. Drivers
who were suspected to have PTSD have reported more crashes (Saberi et al, 2013). Sayer et al (2010)
showed that veterans whose friends and family had noticed their engaging in aggressive or dangerous
driving were four times as likely to screen positive for PTSD. Several studies have identified that PTSD
symptom severity is related to aggressive driving behaviours (Baker et al 2014; Clapp et al 2014; 2019).
For example, Kuhn et al (2010) and Strom et al (2012) found that greater PTSD symptom severity was
associated with more frequent verbal outbursts or angry hand gestures at others while driving,
tailgating, intentionally cutting off, chasing other drivers, and/or intentionally driving a vehicle into
another object. Similar findings were reported by Van Voorhees et al (2018), who found that
individuals with PTSD were more likely to endorse driving aggressively and experience road rage and
higher rates of self-reported speeding (Fear et al, 2008; Classen et al, 2011). In a large study, Hoggatt
et al (2015) showed that greater PTSD symptom severity was associated with higher rates of passing
drivers on the right, crossing an intersection during a red light, ignoring speed limits early or late in
the day, and underestimation of the speed of an oncoming vehicle. Classen et al (2011) noted that
individuals with PTSD committed more adjustment-to-stimuli errors relative to controls. Both Lew et
al (2011) and Mairean (2020) determined PTSD was linked to more frequent lapses in attention while
driving, near-misses, and other unintentional errors that may endanger other road users. Driving
errors are usually made without conscious awareness of the mistake and PTSD is associated with
increased odds of making mistakes behind the wheel.

Mind-Wandering and Driving

Mind-wandering is defined as task unrelated thought and occurs when individuals consciously focus
on stimuli or events unrelated to the task. Mind wandering occurs most frequently in situations
associated with low attentional demands including familiar commutes and monotonous motorways
(Berthié et al, 2015). Drivers may be especially prone to mind wandering when they are thinking about
a life stressor. Rumination can lead to negative cognitive biases (Lavender and Watkins, 2004) and can
be a risk factor for stress and emotional disorders such as depression. Rumination is also a predictor
of PTSD for road traffic crash survivors (Heron-Delaney et al, 2013). According to Matthews (2002)
worry leads to cognitive interference and compared with other driver groups, truck drivers have a
higher level of intruding thoughts about personal concerns, particularly when the task is not
demanding. Physiologically, the body cannot differentiate between work-based stress and stress
resulting from personal life events. When work-based stress is experienced, it can act as a trigger for
intrusive thoughts and/or other symptoms of anxiety.

Stress Countermeasures

Driver stress management interventions aim to support drivers who are more vulnerable to stress
when driving for work. There are several ways in which various countermeasures may improve stress-
related impairments on driving performance and reduce crash risk. Strategies to manage occupational
stress can be approached at both the organisational level and the individual level. At the organisational
level clarification of roles, job design etc. reduce occupational stress, and at the individual level
counselling services, employee assistance programmes and stress management training may also
reduce occupational stress. Companies also often benefit from higher levels of performance,
improved safety, and lower levels of absenteeism and turnover when implementing stress
management interventions. Some key evidence-based interventions are presented below.

e Safety Culture - Organizations in which management commitment to safety is strong, have
reported low road traffic crash rates while, such commitment has been found to be
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characteristically absent in high crash-involved companies in the trucking industry (Arboleda
et al, 2003).

e Safety Culture Training - New truck carriers were trained in the applicable regulations and
inspections to foster a good safety culture, and their number of crashes were compared to
controls from other states. Better performance of the trained carriers versus controls in the
first part of the project was seen (Goettee et al, 2015).

® Employee Assistance Programs (EAPs) — EAPs offer individualised counselling to employees to
identify effective coping strategies for personal and professional stressors and lead to
improved performance and reduced absenteeism (Nunes et al, 2018)

® Group Discussions — Aim to identify problems within the workplace and find solutions reduced
crash involvement by more than half (before/after periods of two years) compared with other
interventions and a control group (Gregersen et al, 1996).

o Work-related stress management programmes — There are several different approaches to
reduce stress using stress management programmes and studies have found this approach to
be effective at reducing stress in the workplace (Apostolopoulos et al, 2013; Shattell et al,
2010).

e Driver Stress Management Programmes — Individual coaching interventions aim to promote
emotional regulation and reduce feelings of anger and anxiety, leading to reduced rates of
hostile driving and better coping strategies (Dorn et al, 2010; Rowden et al, 2011).

® Physical Activity — Increasing physical activity effectively influences stress and psychological
states, fatigue, sleep, and health status for professional drivers. Acute exercise may have
short-term effects that have an impact on driver behaviour and cognitive performance (e.g.,
increased alertness) (Taylor and Dorn, 2006). Truck driver health promotion programmes,
based on key information needs around health behaviour change that have been
implemented in the UK, have resulted in improved health (Varela-Mata et al., 2018).

e Mindfulness Training - Mindfulness promotes greater emotional regulation and can assist in
maintaining selective and sustained attention (Kass et al, 2011).

Skill Decay, Distraction and Driver Stress 21



Research Limitations

® Most of the research on skill decay comes from either laboratory-based studies or applications
in the aviation industry and the study findings may not transfer to the driving context.

e Many studies use relatively small samples.

e Many interventions use short-term evaluations. Longitudinal comparisons are essential to
fully assess the effects of countermeasures over time.

e Few studies have been published about how driving skills may fade. However, for the studies
investigating novice driving skills, it can be concluded that driving skills do fade rather quickly
after licensure for those that fail to practise.

e Furtherresearch on driving skills decay is required, especially in relation to real-world contexts
and driving for work.

e Although there is an increase in research around distraction mitigation interventions for
young drivers, little has been studied with employee-directed interventions at worksites.

e There is a lack of research investigating commercial drivers’ behaviours and how to mitigate
the risk of distracted driving.

e There have been very few replications of the studies reported. One of the difficulties of lack
of replication is that researchers cannot be certain that the findings reported will be seen in
subsequent studies.

e Studies were conducted in regions other than the UK. It is not clear to what extent these
findings are transferable to a UK-specific context.

® For some topics, the number of studies available to draw conclusions is scarce

e Substantial differences are reported between studies due to the varieties of methods used
(e.g. simulators, secondary tasks, and neuroimaging techniques) making it difficult to draw
definitive conclusions.
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