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Abstract
Article Info Traffic accidents at night are higher than in other periods, especially on a dark road. This study
Submitted: explores the impact of the dark road on driver behaviours when approaching a parked or
23/11/2022 slowed-moving vehicle at the front. An experiment was conducted on a racing track at night,
Revised: with and without road lighting. Different sizes of obstacles were used to represent other
24/04/2023 vehicles as a lorry, a car, and a motorcycle. The results show that the obstacles can be detected
Accepted: by drivers much earlier with the help of road lighting, and they tend to increase their speed,
26/04/2023 probably preparing to overtake the obstacles.
Online first: Keywords: Road darkness; Road lighting; Driver behaviour
18/05/2023

1. Introduction

Road traffic accidents are one of the leading
causes of death worldwide. In 2019, Malaysia
recorded a death rate of 24.71 per 100,000
individuals [1], with an average of 18 individuals
killed in daily road accidents [2]. This number can
be considered a high rate compared to the
estimated Malaysian population of around 32
million [3]. In addition, according to Manan et al.
[4], most fatal crashes associated with a
motorcycle between 2010 and 2012 happened at
night in Malaysia, and midnight riding was found
to be one of the causes of severe injury in crashes
[5].

Most of the roads in the world at night are
operating under daylight road lighting, ambient
light, or in darkness. In Malaysia, state highways,
town roads and village roads can be found

without any road lighting [6]. When driving in the
dark, the driver’s forward view is constrained by
the vehicle’s headlamps’ reach (Figure 1).
Regardless of the vehicle’s speed, the distance
between the vehicle and the object at the front is
the same. Thus the faster the vehicle moves, the
smaller the available time required for the driver
to detect the object and react accordingly [7]. For
example, a driver driving on a dark road will
immediately avoid any obstacle without seeing
the side view mirror. These obstacles, such as a
slow vehicle without taillights or no reflector at
the back, could worsen the situation. These
conditions could cause accidents if another
vehicle approaches the other side of the road.
How the driver reacts also depends on the
visibility of the road. Matanzo and Rockwell [8]
found that a driver can also drive at a constant
speed and maintain a continuous lane position at
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Figure 1. Typical road in Malaysia at night (a) with road lighting, (b) without road lighting (source: [6])

very high degrees of visual degradation. This
statement can be further explained by Jagerbrand
and Sjobergh [9] study that found no differences
in driver behaviour regarding the light conditions.
They suggested that drivers fail to reduce their
speed when driving at reduced visibility at night.
Furthermore, how drivers also behave probably
depends on which country they live in. For
example, Taubman-Ben-Ari et al. [10] identified
eight types of driving styles of Israeli drivers
using the Multidimensional Driving Style
Inventory (MDSI). On the other hand, van
Huysduynen [11] found six types of driving styles
among Netherlands drivers, while Karjanto et al.
[12] identified four types of driving styles among
Malaysian drivers. These findings show that it is
crucial to have an independent study based on the
country itself.

In Malaysia, most studies related to dark roads
or the road lighting impact focus on flow
characteristics such as traffic speed, travel time,
traffic volume and density [13]-[15]. These studies
were in the form of observation and were done on
the expressway. Compared to other studies
outside Malaysia, the methods were mixed
between observation (either based on traffic roads
or existing data) and on-field experiments. A
summary of earlier studies relating to road
darkness and driver behaviour is in Table 1. The
year difference can be noticeable, lacking in driver
behaviour studies, especially driving in the dark.
Consequently, those with the most recent year of
publication should be referred to because their
studies may have followed current trends. Hence,

the factors and the parameters to be explored
should also be considered in the previous studies.

In this paper, a conducted experiment is
explained that aims to study the correlation of the
road darkness level with the driver behaviour
when suddenly facing an object. The independent
variables are the darkness level, the location of the
obstacle, and the obstacle size. In contrast, the
independent variable is the awareness distance
between the driver and the obstacle, the vehicle’s
speed, and the vehicle’s trajectory.

2. Methods

2.1. Experimental Design

Twelve participants underwent one out of
three experimental test conditions (based on the
three sizes of the obstacle in the shape of a
motorbike, a sedan car, and a lorry). All
conditions consist of two levels of road darkness
(with light and without light) and two locations of
the obstacle (on the road, on the roadside). In each
condition, a fully counterbalanced order of road
darkness levels and the obstacle locations was
applied to mitigate any learning effects. The
dependent variables were the awareness distance
between the driver and the obstacle, the changes
in vehicle speed and vehicle trajectory. The study
was conducted at a racing track during night-time.

2.2. Equipment
2.2.1. Test Location

The Tangkak Racing Track (TRT) has been
chosen as the test location (Figure 2). TRT is a
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Table 1. Past studies related to darkness road
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Area of
Year Title Experiment / Observation Methods Subjects Observation/ Parameters
Experiment
1996  Differentiation = Objective: To assessreduced  Observation  Driver Roadway o Reduced
of visibility visibility and driver’s of existing visibility
and alcohol as  consumption of alcohol as data o Alcohol
contributors contributions to the fatal consumption
to twilight crash.
road fatalities ~ Results: Both variables play a
[16] major role in night-time road
fatalities.
1996 Age Objective: To analyse the age  Experiment o Older Private road Object detection
differences in differences in sign legibility drivers
visual abilities ~ and object detection. ¢ Younger
in night-time Results:  Older  drivers’ drivers
driving field legibility distances were 65%
conditions compared to the younger
[17] drivers, and their object
detection task reduced from
20% to 45% across visibility
conditions.
1967  Driving Objective: To analyse Experiment Driver Roadway e Driving tasks
performance different driving tasks and o Visual
under night- four levels of visual degradation
time degradation. ¢ Driving speed
conditions of Results: A driver can also e Distance from
visual drive at a constant speed and shoulder line
degradation maintain a constant lane
[8] position at very high degrees
of visual degradation.
1999  Risk Objective: To investigate the ~ Experiment Driver Route E18 in e Road lighting
compensation  risk compensation in term of southern e Speed &
— the case of road lighting. Norway concentration
road lighting Results: Drivers compensate e Behaviour
[18] for road lighting in terms of
increased speed and reduced
concentration.
2000  Effect of Objective: To investigate the ~ Observation  Driver Freeway Freeway
darkness on effect of darkness on freeway  on site capacity
the capacity of  capacity at long-term
long-term reconstruction sites.
freeway Results: Suggest that
reconstruction  darkness has a significant
zones effect on freeway capacity at
[19] freeway reconstruction work
zones.
2003  Threshold Objective: To determine the Experiment Drivers Private rural e Visibility
visibility visibility levels which are road levels
levels for the required for detection under ® Response
Adrian night-time driving distance
visibility conditions.
model under Results: Driver age
night-time significantly  affected the
driving visibility ~level at target
conditions detection, with older drivers
[20] requiring a higher visibility

level than younger drivers.
Headlights beam patterns
were also found to affect
target
significantly. A
higher visibility level was
needed under high beam

visibility ~ level at

detection
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Area of
Year Title Experiment / Observation Methods Subjects Observation/ Parameters
Experiment
lighting than under low beam
lighting.

2003  Night-time Objective: To examine the Observations  Driver Highway e Driving
time driving, association of night-time time  on existing California exposure
passenger driving and the carrying of data o Night-time
transport, and  passengers with the rate of driving
injury crash motor vehicle crashes that o Risk of injury
rates of young  resulted in severe or fatal
drivers injury to young drivers.

[21] Results: Driving at night,
driving without adult
supervision, driving with
passengers, using alcohol,
being 16, and being male were
associated with high rates of
driver injury crash.

2007  Relationship Objective: To investigate the ~ Experiment Driver Israel Defence o Night myopia
between night  relationship between night Forces * Rates of
myopia and myopia and the occurrence of Transportation accidents
Night-time night-time motor vehicle Centre
motor vehicle  accidents in a group of
accidents professional drivers.

[22] Results: No statistically
significant difference between
these drivers and the rest of
the group in the results of the
visual complaints
questionnaire, or the number
of accidents occurring during
the day.

2008  Night-time Objective: To analyse a Observation  Driver Not specified o Effective
vehicle system for detecting vehicles  on site system for
detection for in front of a Camera-assisted detecting
driving vehicle during night-time vehicles in
assistance driving. front
light beam Results: The system e Detect image
controller performance is very good for bright objects
[23] head lights but on the other

hand, the performance for
taillights must be increased.

2009 Effects of road  Objective: To estimate effect Observations Number o Rural area ¢ Road lighting
lighting: An of road lighting on accidents on existing injury e Urban area ¢ Road safety
analysis based  in darkness on Dutch roads. data accidents
on Dutch Results: The risk of injury
accident accidents was found to
statistics 1987-  increase in darkness.

2006

[24]

2009 Anew Objective: To assess the risk Observation  Pedestrians e Urban area Risk of injury
method for of accidents with darkness. on existing e Rural area
assessing the Results: The risk of an injury  data.
risk of accident increases by nearly
accident with 30% in darkness in urban
darkness areas, by nearly 50% in rural
[25] areas, and 40% for urban and

rural areas combined.

2010  Effect of Objective: To investigate the ~ Experiment Driver Closed road e Effectsof
simulated effects of simulated visual circuit simulated
visual impairment on night-time impairment
impairment driving performance and ¢ Pedestrian
on night-time recognition
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Area of

Year Title Experiment / Observation Methods Subjects Observation/ Parameters

Experiment

driving pedestrian recognition under
performance real-road conditions.
[26] Results: Simulated visual

impairment significantly

reduced participant’s ability

to recognise road sign, avoid

road hazards, and increased

the time taken to complete the

driving course.

2012  Fatal crashes Objective: To analyse the Observations  Drivers of Public roads e Fatal crash
of 16- to 17- alcohol-impaired driving on existing passenger (United States) o Alcohol
year-old problem among 16- to 17- data vehicles consumption
drivers year-olds on night-time e Crash
involving driving. characteristics
alcohol, night-  Results: During the five years,
time driving, 15 per cent of the 8664 16- to
and 17-year-old drivers in fatal
passengers crashes had positive blood
[27] alcohol concentrations, most

of which were 0.08 per cent or
greater. Drivers in alcohol-
related crashes were more
likely  than  non-alcohol-
related crashes to be male,
unbelted, single vehicles, and
speeding. Their crashes were
more likely to occur on
Saturday or Sunday, at night,
and when passengers were
present. Of the alcohol-related
crashes, 88 per cent took place
at night or with passengers
present or both, as did 67 per
cent of the non-alcohol-
related crashes.

2012  Effect of glare  Objective: To compare the Experiment Driver Not specified e Glare
on night-time glare recovery time in recovery time
driving in alcoholic versus non- o Alcohol vs
alcoholic alcoholic drivers. non-alcohol
versus non- Results: The glare recovery o Alcohol
alcoholic time got prolonged in consumption
professional alcoholic drivers, and they
drivers also complained of more
[28] problems during night-time

driving as compared to non-
alcoholic drivers.

2013  Risk of Objective: To Identify the Observation =~ Number of National and e Traffic
accidents main factors that may affect on existing accidents regional roads accidents
during road accidents during data e Visibility
darkness on visibility restrictions in o Fatalities
roads with darkness. ® Road
different Results: All presented infrastructure
technical methods of relative road o Accident risk
standards safety risks estimations in
[29] darkness compared to

daylight, it can be stated that
the accident risk in darkness
on national roads is about 60%
higher, when compared to
daytime.
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Area of
Year Title Experiment / Observation Methods Subjects Observation/ Parameters
Experiment

2014  Seeing Objective: To quantify the Experiment Driver o Laboratory e Driver age
pedestrians at  effects of driver age on night- e Closed-road e Visual
night: effect of  time pedestrians and circuit performance
driver age and  determine whether o Pedestrian
visual abilities  individual differences in clothing
[30] visual performance can e Pedestrian

predict driver ability to recognition
recognise pedestrians at distances
night.

Results: The  night-time

pedestrian recognition

capacity of older drivers was

significantly worse than that

of younger drivers. The

distance at which drivers first

recognised pedestrians at

night was best predicted by a

test of motion sensitivity.

2016  Effects of Objective: To examine Observations  Driver Public road o Vehicle speed
weather whether vehicle speed on on traffic o Light
conditions, roads is higher in daylight flow conditions
light and under road lighting than
conditions, in darkness, and determined
and road the combined effects of light
lighting on conditions, posted speed
vehicle speed  limit and weather conditions
[9] on driving speed.

Results: The analysis did not
reveal any differences
attributable to light
conditions. =~ The  author
conclude that traffic accidents
and darkness or low light
conditions could be explained
by drivers failing to adjust
their speed to the reduced
visibility in dark conditions.

2017  The severity Objective: To compare Experiment Driver Driving o Driver
of driver daytime driving with night- simulator behaviour
fatigue in time driving looking at line o Sleepiness
terms of line crossings during self- and long
crossing: a reported sleepiness and long blinks
pilot study blinks. ¢ Risks for line
comparing Results: No differences in the crossings
day- and percentage of Line Crossings
night-time to the left during high levels of
driving in Karolinska Sleepiness Scale
simulator during daytime (33%)

[31] compared to  night-time
(40%). A long blink durations
are associated with more line
crossing when they appear
during night-time than during
daytime.

2018  Exploring Objective: To assess driver Observations  Driver Roadway o Driver
driver performance and behaviour on existing performance
behaviour under the night-time data and behaviour
under condition in order gain o Traffic
conditions of insight into traffic crash fatalities
darkness: patterns and driving o Speed limit
Shedding behaviour at night-time.
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Area of
Year Title Experiment / Observation Methods Subjects Observation/ Parameters
Experiment

light on the Results: The high number of

night-time traffic fatalities happened at

traffic death night.

toll

(32]

2018  Contributing Objective: To study the effect ~ Observation = Truck Roadway o Lighting
factors to Run-  of lighting conditions on the on existing drivers conditions
Off-Road injury severity of Run-Off- data o Injury severity
crashes Road crashes that involve
involving large trucks.
large trucks Results: There are significant
under lighted  differences between dark and
and dark lighted conditions, that
conditions several complex interactions
[33] between factors highly

influenced the level of injury
severity outcomes, and that
the effects of some factors
could vary across
observations.

2019 Exploring the  Objective: To investigate Field survey  Driver Hefei, China e Driving skills
factors how various factors affect (large cities) * Myopic
affecting myopic driver night-time drivers
myopic driver  driving skills and night-time e Visual
driving skills risk perception. characteristics
and risk Results: Non-myopic drivers ¢ Quality of life
perception in reported a lower night-time
night-time risk perception than myopic
driving drivers, whereas their night-

[34] time driving skill was
significantly ~ higher  than
myopic drivers.

2020  Effects of Objective: To assess the Experiment Driver Closed road Bicyclist
night-time impact of different bicyclist circuit visibility on
bicycling visibility configurations on vehicle passing
visibility aids vehicle passing distances at distances
on vehicle night-time.
passing Results: Overall, additional
distance visibility ~aids resulted in
[35] wider vehicle passing

distances, likely due to
enhanced visual cues for
drivers.

2020 Motorcycle Objective: The effect of Observations Motorcycles o Urban area ¢ Ambient light
safety after- ambient light level on road on existing & four- e Rural area level
dark: The traffic collision involving a data wheel ¢ Contextual
factors motorcycle was investigated. motor factors
associated Results: The risk of road vehicle e Spring  and
with greater traffic collisions occurring Autumn
risk of road- was significantly higher after
traffic dark than daylight for
collisions motorcycles and four-wheel
[36] motor vehicles.
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Figure 2. Tangkak Racing Track (TRT), Johor, Malaysia

Malaysian motorsport racetrack located near
Gerisek, Johor, Malaysia. Although it is mainly
built for an underbone or moped racing series for
motorcycles with displacements from 100 to
150cc, it is suitable to drive a car at a low speed.
The track has an overall length of 1.2 kilometres
with 290 meters long back straight. In Figure 2, the
essential locations for this study were labelled by
numbers in the green circle. Point 1 is the
paddock, which functioned as the participant’s
waiting area. Point 2 is the start and stop location
in the study. Point 3 is marked as a 100 meters
distance to the obstacle location. At this point, a
baton warning light is placed at the roadside.
Point 4 is where the obstacles are placed on the
road or roadside. At point 5, a Camera 2 is located
on the grandstand. The shaded area on the map is
the view area that can be captured by Camera 2.
At Points 4 and 5, several designated personnel
were located to perform the changes of the
obstacle and to control Camera 2. One
experimenter (Experimenter A) is responsible for
giving instructions to the participant from the

start to the end of the study. He is also responsible
for managing Camera 1 inside the instrumented
car. Another experimenter (Experimenter B) is
assigned to monitor and control the flow of the
entire study. His location is at point 5, where he
can oversee the whole study process.

2.2.2. The Instrumented Car

The instrumented car is a customised Proton
Saga FLX model with an automatic transmission
(Figure 3). It was equipped with two LED lights,
namely LED 1, LED 2, and a switch button
connected to the car’s power source (see Figure 4a).
LED 1 is placed on the car dashboard, and LED 2
is the high-illumination LED placed on the car
roof. The button is placed on the steering wheel
for the participant to press when they see the
obstacle. When the button is pressed, both LEDs
light up. Instead of using the car speedometer, a
digital speedometer using a smartphone was
attached to the middle of the dashboard. The
original speedometer was replaced due to the
small digits that could not be recorded with
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Camera 1 (Figure 4b). Both LEDs are used to
pinpoint the time stamp in the recorded video.
The lighted LED 1 will be recorded with Camera
1, while the lighted LED 2 will be captured by
Camera 2, placed at the grandstand (refer to Figure
2).

2.2.3. The Obstacles

The obstacles were made from inflatable
swimming pools. These pools were chosen due to
their lightweight rubber material for safety
reasons. If the participants accidentally collide
with the obstacle, it can just bounce from the
instrumented car with minimal to no damage.
Each obstacle is represented by a different set of a
banner of rear-view graphics of a vehicle
(motorcycle, car, or lorry) in their actual size and

-

| LED 1

b

—

Speedometer
>

© Nidzamuddin Md Yusof et al.

in black colour. (Figure 5). Based on the study
scenarios, the obstacle was placed on the roadside
or on the road (Figure 6). These two locations
represent a parked vehicle on the roadside or a
slow-moving vehicle on the road.

2.2.4. The Road Lighting

In simulating driving in the dark with road
lighting, a 300W solar street light was used in this
study. The light is attached to a pole about 4
meters above the ground and can be controlled
using a remote. The light was set at the highest
brightness level, and a 13.71 Lux was recorded on
the ground level using a light intensity meter. On
the other hand, 1.10 Lux was recorded when the
light was off.

Figure 4. The Interior of the instrumented car: (a) location of LED 1, speedometer, and button, (b) location of the
Camera 1
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Figure 5. Example of the Obstacle (Lorry)

~— . N
side scenarios

—_

Parked vehicle on the road

- Slow vehicle on the road
d scenarios
| J
|

Test configurations at
Point4

Standalone
road light

Instrumented car

_ Inflatable
Vehicle-shaped swimming
banner pool

Obstacle

Figure 6. Obstacle Locations based on Scenarios

2.2.5. Participants

The 12 healthy male participants, aged
between 22 and 25 (median = 24, standard
deviation = 1.16), participated in the study. All
participants are students from Universiti Tun
Hussein Onn Malaysia (UTHM) Pagoh Campus.
They were recruited through the Google Form
distributed via social media and flyers across the
UTHM. All participants have a valid driving
license with a minimum driving experience of 2
years and an average driving experience of 800
kilometres per year. In addition, they reported no
vision difficulties such as glare, presbyopia,

myopia and night blindness during driving. They
were paid RM 50 for their participation.

2.3. Procedure

Upon the participant’s arrival at point 1 (refer
to Figure 2), he will be briefed by Experimenter A
on the nature of the experiment. This brief
includes his right to withdraw from the study at
any moment. Before being directed to the
instrumented the participant will be
requested to sign an informed consent form and
complete a questionnaire related to the
demographic and driving experience.

car,
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After that, the participant is directed to the
instrumented car and sits in the driver’s seat. He
will always be reminded to wear a seatbelt and to
follow all traffic rules during study sessions. In
this study, the participant must maintain a speed
of around 40 km/h and only use low-beam
headlight. Then, they have about 5 minutes for a
test drive on the track to familiarise driving with
the instrumented car. During this test drive, no
obstacle is presented either on the roadside or the
road. At the end of this test drive, the participant
is instructed to stop at point 2 (start/stop).

Then, the participant is required to complete
four laps (from the first to the fourth lap) of
driving with the obstacle is appeared at point 4,
representing the scenarios of the situation (Table
2). For example, S1 represent a situation where
there is a parked vehicle on the roadside with no
road lighting available. In contrast, S4 represents
a situation where a slow-moving vehicle is ahead
with road lighting available. Each participant
started with a different scenario to reduce the
learning effect of the configurations that can bias
the results. Throughout these sessions,
Experimenter A is seated in the back seat of the
instrumented car.

After finishing all four scenarios, the
participant was instructed to drive back the
instrumented vehicle to the Paddock (point 1).
The participant and Experimenter A exited the

© Nidzamuddin Md Yusof et al.

vehicle, and a debriefing was performed.
Compensation for participation was paid at the
end of the experiment.

2.4. Data Collection

The distance between the instrumented car
and the obstacle is recorded when the participant
sees the obstacle and presses the steering wheel
button (Figure 4). The lighted LED 2 (Figure 3) is
recorded as a video by Camera 2 (Figure 2). Based
on the video recorded, the distance between the
obstacle and instrumented car is measured using
a ratio scale (Figure 7). The scale was compared
between the actual distance and the distance on
video player screen size. The 100 meters in exact
distance equals the 11.5 centimetres on the video
player screen size. The distance between the
instrumented car and the obstacle (namely as y in
meters) is calculated using the equation:

x (cm)

Y= 115 (em) X100 (m)

@™

The speed of the instrumented car is recorded
to assess whether the participant is braking,
accelerating, or doing nothing (no changes in the
speed) when he approaches the obstacle. The data
is recorded in a video format using Camera 1
(Figure 4). The initial speed (taken from the digital

Table 2. Scenarios Setup

.. Scenarios
Participant ID 1 Lap 2% Lap 34 Lap 4" Lap

M001 S1 S2 S3 S4
M002 S2 S3 S4 S1
M003 S3 S4 S1 S2
M004 S4 S1 S2 S3
€001 S1 S2 S3 S4
C002 S2 S3 S4 S1
C003 S3 S4 S1 S2
C004 S4 S1 S2 S3
L001 S1 S2 S3 S4
L002 S2 S3 S4 S1
L003 S3 S4 S1 S2
L004 S4 S1 S2 S3

Note:

Vehicle type: M = motorcycle; C = car; L =lorry

S1 = vehicle on the roadside, without road lighting

52 = vehicle on the roadside, with road lighting

S3 = vehicle on the road, without road lighting

54 = vehicle on the road, with road lighting
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100 meters (11.5 centimetres on display)

Obstacle
(Point 4)

Point 3
Instrumented Car -

Figure 7. The distance between the obstacle and Point 3 (red arrow) and the instrumented car (blue arrow)

speedometer) is recorded when LED 1 lights up
(Figure 8). The final speed is recorded when the
instrumented car passes the obstacle (Figure 9).
The differences between these two speeds are
used to determine the participant’s behaviour on
speed.

The instrumented car trajectory refers to the
maximum turning angle of the front tire after the
participant sees the obstacle (indicated by lighted
LED 2). Multiple glow-in-the-dark tapes were

Lighted

>
LED 2
Digital
Speedometer

attached to the steering wheel to assess the
approximate front tire angle and were recorded
with Camera 1. These tapes have 22.5 degrees
other. Since the
instrumented car has a steering ratio of 20:1, every

equidistant from each
20 degrees of steering wheel rotation is equivalent
to 1 degree of front tire rotation. The angle of the
steering wheel is measured on the smartphone
application’s video player screen before the front

tire rotation is calculated (Figure 10).

Figure 8. Recording initial speed

Figure 9. Recording final speed
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Angle: 38°58'56"

Deg:

Figure 10. Angle measurement using a smartphone
application

3. Results

3.1. Awareness Distance
In general, there is not much difference
regarding the awareness distance between the

80.0 75.2

~
o
o

63.5
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instrumented car and the obstacles in S2 and S3
(Figure 11). All participants can be considered
aware of the obstacle at the front at a similar
distance, whether the obstacle is on the roadside
with road lighting (mean = 26.2 m (motorcycle),
42.8 m (car), and 78.3 m (lorry)) or on the road
without road lighting (mean = 30.7 m
(motorcycle), 46.5 m (car), and 72.0 m (lorry)).

On the other hand, when comparing the
awareness distance of the obstacles on the
roadside with (S1) and without (52) road lighting,
participants have an average of 16.4 m, 24.9 m,
and 47.3 m additional distances to react when
approaching motorcycle, car, lorry
respectively. Similarly, the obstacles on the road
can be seen earlier with road lighting (54)
compared to without road lighting (S3).
Participants have an additional 20.3 m, 17.7 m,
and 37.8 m additional distances to react when
approaching a motorcycle, lorry,
respectively.

The obstacle’s size also affects the awareness
distance. In the dark, a lorry can be seen at a range
of 30.9 m on the roadside and 72.0 m on the road.
However, participants have difficulty being
aware of a motorcycle in front of them until at a
distance of about 9.8 m.
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Figure 11. Awareness distance between instrumented car and (a) motorcycle obstacle, (b) car obstacle, and (c)
lorry obstacle
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3.2. Changes of Speed

In S1 and S2, there are few differences in speed
changes when approaching the obstacles with and
without road lighting, with an average between
0.1 km/h and 0.3 km/h (Figure 12). However, the
S3 result shows that a driver will slow down with
an average of 3.2 km/h when approaching a
slowed or parked vehicle in the dark.
Unexpectedly, the speed is increasing by about 5.1
km/h in 54.

© Nidzamuddin Md Yusof et al.

3.3. Trajectory of Manoeuvres

Although the obstacles were placed on the
roadside (S1), the participants tended to spare
some space between the instrumented car and the
obstacles when they passed through point 4
(Figure 13). This space becomes larger when there
is road lighting in S2. On the other hand, in S3 and
54, the average trajectories are almost similar,
either with or without road lighting.
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Figure 13. Front tire trajectory (to the left)
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4. Discussion

This study showed that the awareness distance
was further with the road lighting and the vehicle
under it. However, the awareness distance is
almost identical in S2 (vehicle on the roadside,
with road lighting) and S3 (vehicle on the road,
without road lighting) because the road lighting in
52 was not lighted directly to the vehicle, and the
participant probably aware but not sure [37], [38].
In addition, the study’s low-beam headlights and
dark-coloured obstacles affected the participant’s
visibility. Leibowitz ef al. [39] mentioned that a
young driver can only identify the pedestrian in
black clothes at a distance between 15 and 45
metres using a low-beam headlight.

Based on S1 and S2 in Figure 12, although
participants could detect the obstacles much
earlier with a road lighting setup, it can be
assumed that when a vehicle is parked on the
roadside, an incoming driver might not be
concerned about the parked vehicle. Hence, not so
many changes in vehicle speed. In addition, Herd
et al. [40] found that traffic speeds are generally
the same in day and night conditions. However, if
the obstacles are considered as a parked vehicle on
the road, the traffic speed is found to be reduced
[41]. On the other hand, a driver might need more
time to assess the situation before deciding to stop,
slow down, avoid swerving, or overtake the
vehicle, especially at night [37], [38].

Nevertheless, with the help of road lighting,
most participants chose to increase their speed
when approaching the obstacles. This situation
could be that they have enough time to assess the
situation from far away and can overtake the
obstacle easily on the racing track. However, as
mentioned by Owens [42], the drivers might be
unaware of the driving in the dark limitation and
might be overconfident in their capability to drive
safely.

Similar to the assessment of the manoeuvre’s
trajectories, this overconfident phenomenon [42]
might lead drivers to overtake any vehicle in front
of them in the same manner, regardless of the size
of that vehicle, except when avoiding a
motorcycle as far as they can. In addition, young
male drivers exhibited a risky driving style
compared to female or older drivers [43].
However, this interpretation must be considered
that all participants understood that the

© Nidzamuddin Md Yusof et al.

experiment was conducted on a racing track with
no other traffic.

5. Conclusion

Based on the results and the discussion, road
lighting is essential, especially in areas with no
ambient or natural light available at night. It can
increase the awareness distance of a vehicle in
front and minimise risks, such as manoeuvring to
an oncoming vehicle on the other side of the road
or not having enough time to stop completely
during any unexpected driving situation. In
addition, the findings can be considered as an
insight for authorities to develop roads. In future,
more studies can be conducted to assess driver
behaviour on a dark road at corners.

Acknowledgements

The authors fully acknowledged the Malaysian
Institute of Road Safety Research (MIROS),
Universiti Tun Hussein Onn Malaysia (UTHM),
and Universiti Teknikal Malaysia Melaka (UTeM)
for the approved fund and support to make this
vital research viable and effective. This research is
fully supported by an international grant,
ANCHOR/2020/FKM-CARE/A00031. The study
was approved by the ethics committee of the
UTHM (UTHM.RMC.100-9/139(5)).

Author’s Declaration

Authors’ contributions and responsibilities

Conceived and designed the experiments (N.M.Y, J.K,
M.ZH, ZM.]); Performed the experiments (N.M.Y, ]J.K, S.S,
AFH.Z);, Analysed and interpreted the data (N.M.Y, J.K
A.A.AR); Wrote the original paper (N.M.Y, J.K, M.Z.H); and
Wrote the revised manuscript (N.M.Y, J.K, S.S5, AFH.Z,
A A AR, ZMJ, KA.AK).

Funding

This research is fully supported by a national grant,
ANCHOR/2020/FKM-CARE/A00031.

Availability of data and materials
All data are available from the authors.

Competing interests
The authors declare no competing interest.

Additional information
No additional information from the authors.

Automotive Experiences

230


http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/index

References

[1]

[2]

3]

H. Ritchie, F. Spooner, and M. Roser, “Causes
of death,” Our World in Data, 2019.
https://ourworldindata.org/causes-of-death

Ministry of Transport Malaysia, “Malaysia
Road Fatalities Index,” 2020.
https://www.mot.gov.my/en/land/safety/ma
laysia-road-fatalities-index

R. Mohamad, “Current Population
Estimates, Malaysia, 2018-2019,” Department
of Statistics Malaysia, 2019.

M. M. A. Manan, A. Varhelyi, A. K. Celik, and
H. H. Hashim, “Road characteristics and
environment  factors associated  with
motorcycle fatal crashes in Malaysia,” IATSS
research, vol. 42, no. 4, pp. 207-220, 2018, doi:
https://doi.org/10.1016/j.iatssr.2017.11.001.

C.-W. Pai and W. Saleh, “An analysis of
motorcyclist injury severity under various
traffic control measures at three-legged
junctions in the UK,” Safety science, vol. 45,
no. 8, pp- 832-847, 2007, doi:
https://doi.org/10.1016/j.ssci.2006.08.021.

N. M. Yusof, J. Karjanto, M. Z. Hassan, S.
Sulaiman, and N. Mustaffa, “Experimental
Setup of Driver Behavior on Road Darkness
Level,” Journal of the Society of Automotive
Engineers Malaysia, vol. 5, no. 2, pp. 244-251,
2021, doi:
https://doi.org/10.56381/jsaem.v5i2.168.

J. M. Sullivan and M. ]. Flannagan,
“Characteristics of Pedestrian Risk in
Darkness,” Michigan, USA, 2001. [Online].
Available:
https://hdl.handle.net/2027.42/49450

F. Matanzo Jr and T. H. Rockwell, “Driving
performance under nighttime conditions of
visual degradation,” Human factors, vol. 9, no.
5, pp- 427-432, 1967, doi:
https://doi.org/10.1177/001872086700900505.

A. K. Jagerbrand and J. Sjobergh, “Effects of
weather conditions, light conditions, and
road lighting on vehicle speed,” SpringerPlus,
vol. 5, Pp- 1-17, 2016, doi:
https://doi.org/10.1186/s40064-016-2124-6.

O. Taubman-Ben-Ari, M. Mikulincer, and O.
Gillath, “The multidimensional driving style
inventory - Scale construct and validation,”
Accident Analysis and Prevention, vol. 36, no. 3,

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

© Nidzamuddin Md Yusof et al.

pp. 323-332, 2004, doi:
4575(03)00010-1.

H. H. van Huysduynen, ]. Terken, ].-B.
Martens, and B. Eggen, “Measuring driving
styles: a validation of the multidimensional
driving style inventory,” in Proceedings of the
7th International Conference on Automotive User
Interfaces and Interactive Vehicular Applications,
2015, pp- 257-264. doi:
10.1051/matecconf/20179001004.

J. Karjanto et al., “The identification of
styles using the
multidimensional driving style inventory,”
in MATEC Web of Conferences, 2017, vol. 90, p.
1004. doi:
https://doi.org/10.1051/matecconf/201790010
04.

B.-E. Johnnie, M. Nordiana, and R. Rahman,
“Effect of road lighting on the quality of dual
carriageway road service,” Research Journal of
Applied Sciences, Engineering and Technology,
vol. 7, no. 5 pp. 950-956, 2014, doi:
https://doi.org/10.19026/rjaset.7.340.

P. Sundara, C. O. Puan, and M. Rosli, “Impact
of highway darkness on traffic flow
characteristics,” J. Basic. Appl. Sci. Res, vol. 3,
no. 11, pPp- 1-8, 2013, doi:
https://doi.org/10.19026/rjaset.7.848.

P. Sundara, M. R. Hainin, O. C. Puan, and K.
Z. Zamli, “Influence of darkness dry and
darkness rainfall on Malaysian expressway
for traffic characteristics using Greenshield’s
model,” Journal of Basic and Applied Scientific
Research, vol. 5, no. 11, pp. 34-42, 2015.

D. A. Owens and M. Sivak, “Differentiation
of visibility and alcohol as contributors to
twilight road fatalities,” Human Factors, vol.
38, mno. 4, pp. 680-689, 1996, doi:
https://doi.org/10.1518/001872096778827233.

S. T. Chrysler, S. M. Danielson, and V. M.
Kirby, “Age differences in visual abilities in
nighttime driving field conditions,”
Proceedings of the Human Factors

Ergonomics Society Annual Meeting, 1996, vol.
40, mno. 18, pp. 923-927.  doi
https://doi.org/10.1177/154193129604001812.

T. Assum, T. Bjernskau, S. Fosser, and F.
Sagberg, “Risk compensation—the case of
road lighting,” Accident Analysis & Prevention,
vol. 31, no. 5 pp. 545-553, 1999, doi:

10.1016/S0001-

Malaysian  driving

in
and

Automotive Experiences

231


http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/index

[19]

[20]

[25]

[26]

https://doi.org/10.1016/S0001-4575(99)00011-
1.

A. F. Al-Kaisy and F. L. Hall, “Effect of
darkness on the capacity of long-term
freeway reconstruction zones,”
Transportation Research Circular E-C018, pp.
164-175, 2000.

K. W. Ising, T. R. C. Fricker, J. M. Lawrence,
and G. P. Siegmund, “Threshold visibility
levels for the Adrian visibility model under
nighttime  driving SAE
Technical Paper, 2003.

T. M. Rice, C. Peek-Asa, and J. F. Kraus,
“Nighttime driving, passenger transport, and
injury crash rates of young drivers,” Injury
Prevention, vol. 9, no. 3, pp. 245-250, 2003,
doi: https://doi.org/10.1136/ip.9.3.245.

Y. Cohen et al., “Relationship between night
myopia and night-time motor vehicle
accidents,” Acta Ophthalmologica Scandinavica,
vol. 85, no. 4, pp. 367-370, 2007, doi:
https://doi.org/10.1111/j.1600-
0420.2006.00875.x.

P. F. Alcantarilla et al., “Night time vehicle
detection for driving assistance lightbeam
controller,” in 2008 IEEE Intelligent Vehicles
Symposium, 2008, pp. 291-296. doi:
https://doi.org/10.1109/1VS.2008.4621142.

P. O. Wanvik, “Effects of road lighting: An
analysis based on Dutch accident statistics
1987-2006,” Accident Analysis & Prevention,
vol. 41, no. 1, pp. 123-128, 2009, doi:
1https://doi.org/0.1016/j.aap.2008.10.003.

O. Johansson, P. O. Wanvik, and R. Elvik, “A
new method for assessing the risk of accident
associated with darkness,” Accident Analysis
& Prevention, vol. 41, no. 4, pp. 809-815, 2009,
doi: https://doi.org/10.1016/j.aap.2009.04.003.

J. Wood, A. Chaparro, T. Carberry, and B. S.
Chu, “Effect of simulated visual impairment
on nighttime driving performance,”
Optometry and vision science, vol. 87, no. 6, pp.
379-386, 2010, doi:
https://doi.org/10.1097/OPX.0b013e3181d95b
0d.

A. F. Williams, B. A. West, and R. A. Shults,
“Fatal crashes of 16-to 17-year-old drivers
involving alcohol, nighttime driving, and
passengers,” Traffic injury prevention, vol. 13,

conditions,”

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

© Nidzamuddin Md Yusof et al.

no. 1, pPp- 1-6, 2012, doi:
https://doi.org/10.1080/15389588.2011.633235

N. Gupta, H. Lata, and A. Kaur, “Effect of
glare on night time driving in alcoholic
versus non-alcoholic professional drivers,”
International journal of applied and basic medical
research, vol. 2, no. 2, p. 128, 2012, doi:
https://doi.org/10.4103/2229-516X.106356.

S. Gaca and M. Kiec, “Risk of accidents
during darkness on roads with different
technical standards,” in 16th International
Conference Road Safety on Four Continents,
2013.

J. M. Wood, P. Lacherez, and R. A. Tyrrell,
“Seeing pedestrians at night: effect of driver
age and visual abilities,” Ophthalmic and
physiological optics, vol. 34, no. 4, pp. 452-458,
2014, doi: https://doi.org/10.1111/0p0.12139.

A. Anund, C. Fors, and C. Ahlstrom, “The
severity of driver fatigue in terms of line
crossing: a pilot study comparing day-and
night time driving in simulator,” European
transport research review, vol. 9, no. 2, pp. 1-7,
2017, doi: https://doi.org/10.1007/s12544-017-
0248-6.

S. B. Williams, “Exploring Driver Behaviour
under Conditions of Darkness: Shedding
light on the night time traffic death toll.”
Stellenbosch: Stellenbosch University, 2018.

N. S. S. Al-Bdairi, S. Hernandez, and J.
Anderson, “Contributing factors to run-off-
road crashes involving large trucks under
lighted and dark conditions,” Journal of
transportation engineering, Part A: Systems, vol.
144, no. 1, p. 4017066, 2018, doi:
https://doi.org/10.1061/JTEPBS.0000104.

K. Wang et al, “Exploring the factors
affecting myopic drivers” driving skills and
risk perception in nighttime driving”
Cognition, Technology & Work, vol. 21, pp. 275—
285, 2019, doi: https://doi.org/10.1007/s10111-
018-0492-0.

A. A. Black et al, “Effects of night-time
bicycling visibility aids on vehicle passing
distance,” Accident Analysis & Prevention, vol.
144, o 105636, 2020, doi:
https://doi.org/10.1016/j.aap.2020.105636.

C. J. Robbins and S. Fotios, “Motorcycle

Automotive Experiences

232


http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/index

[37]

[38]

safety after-dark: the factors associated with
greater risk of road-traffic collisions,”
Accident Analysis & Prevention, vol. 146, p.
105731, 2020, doi:
https://doi.org/10.1016/j.aap.2020.105731.

J. Muttart et al., “Determining when an object
enters the headlight beam pattern of a
vehicle,” SAE Technical Paper, 2013.

J. W. Muttart, S. Dinakar, G. Vandenberg,
and M. Yosko, “The influence of driver
expectation when recognizing lighted targets
at nighttime,” in Proceedings of the Human
Factors and Ergonomics Society Annual Meeting,
2016, vol. 60, no. 1, pp. 489-493. doi:
https://doi.org/10.1177/1541931213601111.

H. W. Leibowitz, D. A. Owens, and R. A.
Tyrrell, “The assured clear distance ahead
rule: implications for nighttime traffic safety
and the law,” Accident Analysis & Prevention,
vol. 30, no. 1, pp. 93-99, 1998, doi:
https://doi.org/10.1016/S0001-4575(97)00067-
5.

[40]

[41]

[42]

[43]

© Nidzamuddin Md Yusof et al.

D.R. Herd, K. R. Agent, and R. L. Rizenbergs,
“Traffic accidents: Day versus night,” 1980.

P. Garder, J. N. Ivan, and J. Du, “Traffic
calming of state highways: Application new
England,” MIT Center for Transportation &
Logistics, 2002.

D. A. Owens, “Twilight vision and road
safety: Seeing more than we notice but less
than we think.,” in Visual perception: The
influence of H. W. Leibowitz, American
Psychological Association, 2003, pp. 157-180.
doi: 1https://doi.org/0.1037/10485-012.

F. Naujoks, D. Befelein, K. Wiedemann, and
A. Neukum, “A review of non-driving-
related tasks used in studies on automated
driving,” in Advances in Human Aspects of
Transportation: Proceedings of the AHFE 2017
International Conference on Human Factors in
Transportation, July 17— 21, 2017, The Westin
Bonaventure Hotel, Los Angeles, California, USA
8, 2018, pp. 525-537.

Automotive Experiences

233


http://journal.ummgl.ac.id/index.php/AutomotiveExperiences/index

	1. Introduction
	2. Methods
	2.1. Experimental Design
	2.2. Equipment
	2.2.1. Test Location
	2.2.2. The Instrumented Car
	2.2.3. The Obstacles
	2.2.4. The Road Lighting
	2.2.5. Participants

	2.3. Procedure
	2.4. Data Collection

	3. Results
	3.1. Awareness Distance
	3.2. Changes of Speed
	3.3. Trajectory of Manoeuvres

	4. Discussion
	5. Conclusion
	Acknowledgements
	Author’s Declaration
	Authors’ contributions and responsibilities
	Funding
	Availability of data and materials
	Competing interests
	Additional information

	References

