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Abstract: Ensuring the safety of hazardous materials transport is critical for the city and the operation
company. Many efforts have been made to investigating factors that affect the safety. We for the first time, to our
knowledge, propose that the lighting conditions will put non-negligible affects to the driving safety of hazardous
materials transport based on the existing evidence in realm of psychology and neuroscience. We hereby give a
comprehensive review of the research findings, including a series of behavioral and psychological experiments,
of how light act as a moderator for the cognitive function in the brain. We note that further investigation should
be conducted to analyze the effect and mechanism of light conditions affecting driving safety, both at the
daytime and the nighttime, and protective measures can be prepared accordingly, including making drivers
exposed to specific color of light to stimulate brain arousal and enhance human cognition that will enhance the
safety of Hazardous Materials Transport.
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I. INTRODUCTION

Safety is always a crucial factor for transporting hazardous materials (hazmats). As hazmats being
flammable, explosive, or highly corrosive, huge property loss and adverse social impact can take place when the
safety incidences occur. Therefore, researchers have made many efforts to ensure the safety by analyzing the
past accidents occurring during the transport of hazmats [1], [2] and deriving the factors affects the driving
safety, for example, human factors, packing and loading Hazmat, the vehicle and facilities. [3], [4] Tools to
facilitate safe operation is also developed including the decision support system for risk analysis [5], [6] , and
various route planning methods through operations research [7], [8].

However, among all those factors being considered and approaches being implemented, by in-depth
interview with the frontline drivers and the operation managers, we identified that there is one factor with its
effect underestimated by the scholars and the community — the light.

In this research, we are going to comprehensively review the existing evident from the psychology and
neuroscience and offer the perspective that light condition is a critical factor for driving safety. We will first
review the existing research of night-driving, and then analyzed how light condition, both at the daytime and at
night, affect the driver’s performance via the modulation of cognition from the evidence of literature. We then
propose our solutions to tackle the problem.

Il. STUDIES ON NIGHT DRIVING

The most relevant studies regarding the light conditions are night driving. It have been reported that
night driving often has more potential for traffic accidents, attributed to lack of visibility, presence of blind spots
in the field of view, and difficulty in anticipating unexpected obstacles. Even experienced drivers are prone to
misjudgment due to the visibility and psychological challenges [9], [10]. Therefore, the concept of Adaptive
Headlight Control System (AHS) was propsoed, ensuring that the headlights are automatically turned on and
adjusted to the proper angle of illumination[11]. These devices have been used in higher-end luxury cars such as
BMW, Audi and Volvo.

However, despite of researches that have analyzed visual conspicuity measured by reaction times, the
deeper mechanisms underlying the phenomena in terms of psychological and cognitive aspects are not studies
and introduced to the safety control of hazmats transport. In the following parts, we will review the related
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literatures from how human percept the world and point out the light is a critical regulator to interpret the
driving behavior at various lightning conditions (day & night; sunny & haze days, etc.)

1. HOW HUMAN PERCCEPT THE WORLD WITH NONVISUAL SYSTEM

An important way of acquiring cognition is that humans receive information from the outside world
through the visual system and process it in the brain to form cognition.[12] Various advanced monitoring
systems to enhance the safe driving was also the “computer vision” enabled devices, by examining the drivers
facial and behavioral attributes [13]-[16] and the perception of surrounding environment [17]-[19]. But at the
same time, scientists in recent studies have revealed that there is also a "non-visual system" in the brain that is
different from the visual system, through the retinal specialized photoreceptor ganglion cells (ipRGCs) and other
neuroreceptors to perceive the external light environment, and cause a series of human physiological changes,
including hormones, heart rate, sleep, alertness, body temperature and many other aspects[20]. Such neural
photoreceptors differ in many ways from the image acquiring, conscious vision of the optic rod and cone cells -
they require more light to respond than the cone cells and have thresholds that are much higher than those of
visible vision. Through this pathway, light not only serves as a necessary condition for the visual system to
receive information that encodes information to be received by the visual system to form cognition, but has
itself been discovered by scientists to act as a moderator through the non-visual system to influence cognitive
processes in the brain.

A series of behavioral and psychological experiments have shown that specific light can stimulate brain
arousal and improve cognition. This effect is correlated with the wavelength of light, the market of exposure,
and the duration of exposure. The purpose of this paper is to review and review the existing studies on the
effects of light on cognition, which will first review the relevant experimental evidence and then lead to the
neurobiological mechanisms by which light affects cognition.

IV. PERFORMANCE EVALUATION OF STRUCTURES

A series of behavioral and psychological experiments have found that specific light can stimulate brain
arousal. Light at night allows for increased cognition and alertness at night. As early as 1990, Campbell and
Dawson [21] found that when enhanced lighting (1000lux) was applied during night work, subjects showed
increased levels of alertness and cognition during the night shift. The increased cognitive level of light at night
may have effects through mechanisms related to the regulation of circadian rhythms, such as the regulation of
melatonin levels. This can be supported by direct measurement of melatonin levels and wavelength dependence
of light modulation of nocturnal cognitive levels. Cajochen et al [22] used light of different wavelengths but
equal photon density (460nm and 550nm) to stimulate young volunteers at night and measured the subjects'
behavior, sleepiness index, melatonin secretion and EEG and found that 460nm light had a more pronounced
effect on the associated A study by Brainard et al. [23] revealed that light at shorter wavelengths of
approximately 460 nm stimulated melatonin secretion from the perspective of melatonin. The study also
suggested that melatonin secretion under the influence of light may not be brought about by the cone and rod
cells as receptors, since 460 nm is not their sensitive peak. but close to the sensitive region of iPGCs.

In addition to the fact that light exposure at night can modulate cognitive levels, light stimuli applied
during the day can also modulate cognitive levels, and this modulation is also wavelength-dependent.

In a study by [24], subjects were exposed to prolonged white light stimuli during daytime wakefulness
and their responses were examined by an oddball paradigm task, a test that excluded the visual effects of light
and also examined aspects of cognition including auditory perception, attention, and working memory [25] The
response speed of subjects under white light stimulation was enhanced relative to controls under dark conditions,
and fMRI imaging and PET imaging of the subjects also revealed the brain area activity involved in this
cognitive conditioning process.

Further experiments investigated the wavelength dependence, and a study by [24], which organized
subjects to receive light stimuli of different wavelengths during daytime wakefulness and assessed subjects'
working memory by participants performing an auditory 2-back task (Braver et al, 2001), also found relevant
activity in the shorter wavelengths of blue light band (470 nm) , and green light (550 nm) showed a stronger
significance compared to green light (550 nm).

The phenomena studied above suggest that light can exert a wide range of modulatory effects on
human cognition, that such effects can occur both at night and during the day, and that they manifest a certain
transience, occurring when light stimuli are introduced and disappearing after a period of cessation of
stimulation. The research on various working conditions provide the useful insight for ensuring safe driving by
introducing appropriate cockpit light conditions as the “working environment” for frontline drivers that enhance
their cognitive performance.
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V. NEUROBIOLOGICAL MECHANISMS BY WHICH LIGHT AFFECTS COGNITION

With the aforementioned phenomena, it is important to understand the neurobiological principles
behind the phenomena. Past experiments have often been limited to behavioral and psychological observations
and explanations, and with the advancement of technology, the neurobiology of light-regulated cognition has
been partially explained by neuroimaging studies, namely using positron emission tomography [26] and
functional magnetic resonance imaging (fMRI) [27] techniques. However, there are still many mechanisms that
are not yet understood and more research remains to be done. The following is a summary of the possible
neurobiological explanations for the effect of light on cognition based on the available information.

First, light rapidly activates subcortical structures associated with alertness. The hypothalamus is an
important structure in the human response to changes in external light, and functional neuroimaging studies
have shown that the suprachiasmatic nucleus (SCN) and other related structures within this region, such as the
dorsal medial hypothalamus (DMH) and the lateral ventricular preoptic nucleus (VLPO), are an important part
of the light energy influence on brain activity and may be the first step in connecting the retina to cognitive
pathways. [26] Following light-induced enhancement of SCN activity, this signal may be transmitted to the
forebrain via a multisynaptic neural pathway via the blue spot nucleus (LC), which receives indirect SCN input
from the dorsal medial hypothalamic nucleus (DMH)[28]. the LC is a major source of brain norepinephrine,
which is associated with many The LC is a major source of brain norepinephrine, which is linked to many
cortical sites and therefore has the ability to modulate light-induced changes in alertness and cognition.
Moreover, links between ambient light levels, prefrontal cortex and the LC have been reported [29], and it is in
this context that the LC is likely to be the area of the brainstem that enhances activity early after light onset.

The thalamus is involved in light-regulated cognitive processes from the beginning and it will continue
to function throughout the process. The thalamus, especially its dorsal and posterior nuclei, such as the medulla,
are key structures involved in alertness and cognition in humans [30] and are triggered by the alertness and
cognitive tasks performed to generate activity [31]. In the study by [27], the changes in activity detected in the
thalamus, induced by light, were directly correlated with light-triggered changes in subjective alertness.

On the flip side, the thalamus itself is a key factor in transmitting information to the cortex. The
thalamus plays an important role both in the transmission of signals from the retina to the visual cortex and
between cortical areas. Thus, the thalamus can modulate the flow of light source information in the brain,
triggering a wide range of effects across the cerebral cortex [32].

The neuroscience findings interpret the fact that different light conditions will influence the working
performance of the person, drivers included, by making the cognitive modulations through different brain
regions.

VI. CONCLUDING REMARKS

Light can exert a modulatory effect on human cognition, and the series of experimental and
neuroimaging studies described above give evidence for this effect. This paper reviews the relevant experiments
and their results and also summarizes the interpretation of this effect in a neurobiological sense in existing
studies. It can be found that the effect of light on human cognition is reflected in the differences in human
cognition under different light conditions, and the excitation of different brain regions can be observed. This
effect is wavelength-dependent and is related to the nonvisual effects of light, and that this modulation is more
pronounced in sensitive regions of the ipGCs: the blue wavelength - compared to the sensitive regions of the
visual system. It is now thought that the nucleus accumbens (LC) may be the region of the brainstem that
enhances activity early after light onset during this regulation of light-influenced cognition. The thalamus, an
essential structure involved in alertness and cognition in humans, plays a role throughout the process.

Further research can be done with a particular focus on the hazmats transport drivers. The existing
evidence shown in this literature review is sufficient to lead to the thought that light may play a more prominent
role than we estimated in safe driving. This paper provides the first insights, as we know, that proper light
conditions should be applied in the cockpit -- not only the headlight for drivers to better “see” by their visual
systems, but also the surrounding environment to activate their nonvisual systems for better cognitive
performance that leads to an enhanced safety standard.
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