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Abstract

The present study investigates the Iranian drivers’ characteristics and tries to determine which factors can affect the
drivers’ speed selection behavior. Therefore, drivers’ who choose speeds higher than the 85th percentile speed were
examined, mainly because of the importance and effectiveness of higher speeds in crash occurrence in Iranian roads.
For this purpose, a driving simulator was used to conduct the research and gathering the drivers’ selected speed
while driving in scenarios. Six scenarios were used in the driving simulator based on the visibility conditions, and 70
participants were evaluated through the driving simulator. Using the t-test, speed data differences in six scenarios
have proved. Results showed that age, education level, and gender affect drivers' perception of speed and speed
selection. The age of the participants affected the selected speed negatively, which means that increases in the
drivers' age can cause selecting speeds lower than the 85th percentile of speed. The higher education level in the
present study was the PhD, and results indicated that participants who were categorized in the higher level of
education tried to decrease their speed more than others. Also, results indicated that drivers who selected speeds
higher than the 85th percentile of speed experienced at least one accident during the driving task in the driving
simulator.
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1. Introduction

All of us live in a world with various types of
threats to humans, which causes their death and
injuries. One of the most severe issues which
endanger human life is driving. Every year
thousands of people die or injure on roads,
which has an important effect on the economy
and world health. Typically, governments spend
a considerable amount of money supporting and
nurturing people from born to adulthood.
However, when people die in an accident,
especially at their young ages, the governments'
investigation vanishes in a second, which is a
severe failure for each government. From the
statistics point of view, according to a published
report of the National Highway Traffic Safety
Administration (NHTSA), 1,830 drivers in age
between 15 and 20 died in motor vehicle crashes
in 2017, and according to the National Center
for Health Statistics, vehicle crashes are the
main reason of 15-to-20-year-olds drivers' death
[NHTSA, 2019]. In this respect, the statistics
relevant to the death rates in crashes are
noticeably higher in Iran. According to the last
statistics of the Iranian Legal Medicine
Organization, in the first ten months (March
2019 to January 2020) of the recent year in Iran,
about 14,500 people have died in road crashes,
and about 300,000 people have injured [ILMO,
2019](Anon 2019). The first step to decreasing
death rates is finding the factors associated with
the crash occurrence and studying them. During
the driving task, drivers have to interact with
three main factors. The first two factors are the
road and vehicle. The third factor in the driving
task is the driver or human who controls the
vehicle and chooses a driving method. Drivers
can choose their speed, braking time, maneuver,
passing time, and other factors considered
driving behavior. Thus, it is essential to study
the drivers’ behavior, especially behaviors that
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can increase the potential of collision and crash
by making wrong decisions on the roads.

Among the different factors that involve in
motor vehicle crashes, speeding has a high
frequency. In 2017 studies showed that young
male and female drivers were more likely to be
accompanied by speeding than other age groups
at the time of the fatal crashes. In this respect,
males in comparison to females were more
speeding in  these crashes.  Statistics
demonstrated that in 2017, there were 37,133
traffic fatalities in the United States of America,
which 9,717 (26%) were in crashes where at
least one driver was speeding (violation of speed
limit) [NHTSA, 2019].

In addition to speed factors, roadway and
weather conditions have a significant impact on
drivers’ behavior and crash rates, too. Therefore,
drivers must pay attention to the weather
conditions while driving and adequately evaluate
the driving conditions. According to the
statistics in 2017, speeding was a factor for 16%
of fatal crashes on dry roads and 84% of fatal
crashes in other roadway surface conditions like
wet, snow, and ice [NHTSA, 2019]. This data
shows that drivers should be more careful and
choose the proper driving speed at wet
conditions.

This study analyzes the Iranian drivers' behavior
in different weather conditions to determine the
drivers' characteristics that enhance crash
probability. Participants in this study had unique
characteristics such as age, gender, driving
experience, and education level. Based on these
characteristics, we tried to find the plausible
relationship between participants' characteristics
and tendency to higher speed selection,
enhancing the crash occurrence potential. Also,
participants were examined in various weather
conditions such as night and foggy conditions to
evaluate the effect of weather conditions on



Drivers' speed choice behavior considering drivers' demographic characteristics: A driving simulator study

higher speed selection behavior. For this
purpose, using a driving simulator, a two-lane
driving path with six different scenarios (with
varying conditions of visibility) is simulated for
assessing the drivers' speed choice behavior.
Drivers' personal information and their
characteristics such as gender, age, driving
experience, education level, and accident
information  were collected through the
guestionnaire. In order to achieve the goal of this
study, two foggy conditions scenarios as the
light fog and heavy fog were simulated which
both were simulated in daylight and nighttime
scenarios. Previous studies have analyzed the
drivers' behavior in various weather conditions.
However, the focus of the current study was to
analyze the drivers' behavior in all possible
lighting and visibility conditions. Analyzing has
been conducted based on various characteristics
factors that influenced drivers' behavior.
Moreover, the driving performance examination
has been performed in many countries except
Iran. Since the participant from different
countries probably had different characteristics,
we designed the presented research for Iranian
people to examine their characteristics' effects
on the driving behaviors.

The rest of this paper's structure can be
summarized as follows. In the second section,
Previous studies have been examined. In the
third section, the methodology description,
including  participants, driving simulator,
scenarios, and modeling procedure, is presented.
The fourth section explained the collection of
data and analyzing them. Then, in the next
section, the results of the statistical data analysis
are presented, and the effect of different factors
on the speed choice of drivers is discussed. The
conclusion of the paper and recommendations
for future research is presented in the last
section.

2. Background

Driving is a complex act in which every one
based on his or her characteristics, has specific
behavior in various roadway or weather
conditions. As a researcher, studying the drivers'
behavior and recognizing their manners in
different situations could enhance safety and,
consequently, save lives. In this respect, several
studies have concentrated on driving behaviors
influenced by drivers' age, gender, experience,
and so forth. [Broughton et al. 2007; Cai et al.
2020; Fu et al. 2020; Konstantopoulos et al.
2010; Lee et al. 2020; Li et al. 2015; Mueller
and Trick, 2012; Ni et al. 2010; Pan et al. 2020;
Zhang et al. 2018]. Also, some of them have
studied the impact of weather condition, like
foggy condition, and visibility on drivers'
behavior and speed selection [Bella et al. 2014;
Brooks et al. 2011; Calvi and Bella, 2014;
Hamdar et al. 2016; Hoogendoorn et al. 2011;
Liu et al. 2020; Rahman and Lownes, 2012; Yan
et al. 2014; Yang et al. 2019].

In a study aiming to recognize the crash risk
factors that can affect the severity of teenage
drivers' injuries, researchers found that "age"
considerably affects teenage drivers' injury
severity. Results revealed that teenage drivers
who were between 15 to 18 years are more
likely involved in severe crashes than 19-year-
old drivers. This result illustrates that drivers are
less prone to severe injuries by increasing the
driving experience. Moreover, when young
drivers (16 to 19 years old) drive with
occupants, they experience a relatively higher
number of crashes rather than when they drive
alone. The reason is probably careless driving or
without paying attention to driving due to
talking with occupants. Additionally, female
teen drivers are less prone to sustain severe
injuries compared to males teen driver [Duddu et
al. 2019].
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Papantoniou et al. (2019) have experimented and
have found that drivers' characteristics,
including gender, age, education, and driving
experience, are the critical factors in the
occurrence of driving errors. Results show that
older drivers, similar to female drivers, are more
likely to commit errors during driving. Since
young drivers possess better physical and mental
conditions when compared to older drivers, they
are less likely to commit errors even in
distraction situations. On the other hand,
experience and education reduce both young and
old drivers' likelihood of committing driving
errors [Papantoniou et al. 2019]. Another study
that has proved these findings say that training
can improve the hazard anticipation and
attention maintenance performance of careful
drivers [Zhang et al. 2018]; this means that
higher experience, maybe through training, can
improve driving skills and decrease errors.

For surveying the lighting effect conditions on
driver's behavior, a study by Gilandeh et al.
revealed that drivers choose the higher speed in
daylight conditions compared to dark lighting
conditions [Gilandeh et al. 2018]. This result
confirms previous studies' results [Bella et al.
2014; Jafari Anarkooli and Hadji Hosseinlou,
2016; Rumar 1998], which illustrated that in
darkness, the limited visibility of drivers could
significantly impact their perception and
expectations for road alignment. Consequently,
drivers' behavior will be different in daytime and
nighttime, particularly in speed choice [Gilandeh
et al. 2018].

In another research to study younger and older
drivers' behavior, Shuo Li et al. (2019) analyzed
drivers' behavior. They concluded that younger
drivers need less time to do their tasks;
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conversely, older drivers require a longer time to
control the vehicle. Besides, older drivers need
more time to change their driving lanes to avoid
collisions with stationary cars [Li et al. 2019].
All of these results show that younger drivers
are agile than older drivers.

3. Method

In every study, researchers using some
instruments collect and obtain data to analyze
and get results. Typically, there are three main
parts in a driving simulator study to conduct the
experiment and collect data. These parts are a
human as a driver, a driving simulator, and a
scenario with some unique features based on the
researchers' aims and type. In this study, like
previous studies, we used a driving simulator
with a designed scenario to investigate the
drivers' behavior and collecting data. Further
information about the participants, the driving
simulator, and the experiment procedure will be
described in the following sections.
3.1. Participants

In this experiment, 75 persons (including 47
men and 28 women) participated in performing
the driving tests in the traffic lab. The drivers'
selection for the driving tests and the whole
experiment procedures were performed at the
traffic safety lab in Tabriz city, Iran. Figure 1
shows the statistics of the drivers' characteristics
descriptively. Four men and one woman had
difficulty finishing the experiment (feeling tired
or dizzy), so their data were excluded from the
entire database. The speed data relevant to the
remaining 70 participants were then collected
and analyzed to get the results.
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Figure 1. Participants’ characteristics information

3.2. Driving Simulator
In the present study, a designed driving
simulator was used to conduct the driving tests
(Figure 2). The driving simulator had an unfixed
platform and features typical in many cars, such
as a steering system, accelerator, brake pedals,
shock absorbers, and a manual gearshift.
Therefore, all of the means used during the
driving were installed on the driving simulator
like a typical car. This similarity caused
participants' familiarity with the simulator
working. As it is mentioned, the driving
simulator was created on an unfixed platform.
The platform was moving in the vertical
direction when the drivers passed a speed bump.
Moving in the vertical direction was considered

a shock absorber to convey the true feelings
from the road bumps.

Besides this equipment, the driving simulator
had an audio system. The audio system played
the driving simulator engine sound and sounded
from other vehicles on the simulated road. All of
these facilities were installed on the driving
simulator to improve the reality of driving.
Moreover, the driving simulator interior was
very similar to the actual cars used by most of
the participants in their daily driving. For
displaying the simulated road environment and
scenarios, three large LED screens were used.
One of these monitors installed in front of the
driving simulator and the other two monitors
were placed on each side of the first monitor to
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display the car's side view. These screens
provided a 120° field of view to drivers. There
were three mirrors, like typical cars, to see what
happens on the road. The central mirror
appeared on top of the front screen to show the
behind scene of the car. Also, two side mirrors
existed on the side screens to show the lateral
view of the road. Also, one computer system
was connected to the simulator that performed
some tasks like rendering the scenarios,
processing drivers' behavior, and collecting
ordered data. The data-recording system had
recorded the parameters related to the driving
performance like speed, mean speed, and vehicle
positions in the 0.06 seconds period during the
experiment. All the recorded positions of the
vehicle (x, y, and z) were collected in the virtual
environment.

It should be mentioned that the relative validity
of the driving simulator was proven in previous
studies [Zolali et al. 2021, Zolali and Mirbaha,
2020].

Figure 2. Driving simulator

3.3. Scenario
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In order to reach the goal of this study, a two-
lane rural road was simulated in the driving
simulator. The width of the simulated road was 7
meters with a total length of 12 kilometers,
including a 3 kilometers training road and 9
kilometers main scenarios (each scenario had 1.5
kilometers length). The simulated road had no
barrier or guardrail; instead, it had a shoulder on
each side of the road to help safe driving. There
was milepost sign designed to give information
about the remaining distance to the end of the
scenario. Drivers saw roadside features such as
gas stations and markets while driving. At some
points, the simulated road had connections to
other routes where traffic was flowing. The
simulated road had horizontal and vertical
markings to inform the drivers about the road
situations. In this respect, markings such as cross
walking, speed bump, stop sign, speed limit
sign, and so forth were shown to the drivers
during the driving tasks. Drivers who drive the
scenario Horizontal and vertical alignments have
been provided to challenge the drivers and their
behavior in these situations. In the scenarios, the
rural road was simulated with distinctive
geometry  characteristics,  including  the
horizontal curves (with a length of 212 meters),
vertical curves (with a length of 300 meters),
and a combination of the horizontal and vertical
curves. The geometric characteristics of the
simulated road plan are shown in Figure 3. The
90 km/h speed limit sign was installed in the
simulated road path on the screen to inform the
drivers about the speed limits.
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Figure 3. Geometric features of the simulated road
In order to accomplish this study, six scenarios fog, respectively (Figure 4). Table 1 shows the
were simulated, and the weather conditions in all characteristics and weather conditions of six

of these scenarios were the only variable simulated scenarios.
parameters. The sequential orders of the
scenarios were day and clear weather, night and
clear weather, day and light fog, day and heavy
fog, night and light fog, and night and heavy

Night

start Eid

Figure 4. The overall plan of simulated scenarios

International Journal of Transportation Engineering,
Vol. 9/ No.3/ (35) Winter 2022

719



Mehdi Zolali, Babak Mirbaha, Arman Saffarzadeh

Table 1. Characteristics and weather conditions of simulated scenarios

Order_of Name of Scenarios Light (.)f the Visibility Conditions
Scenarios Ambient
1 Day and Clear Weather Bright Without limitation in the visibility
2 Day and Light Fog Dark Limited visibility due to darkness
. Limited visibility due to light fog (light fog’s sight
3 Day and Heavy Fog Bright distance is about 250 meters)
4 Night and Clear Weather Bright Limited VISIbI!I'[y due_to heavy fog (heavy fog’s sight
distance is about 50 meters)
. . Limited visibility due to both darkness and light fog
S Night and Light Fog Dark (sight distance in light fog is about 250 meters)
6 Night and Heavy Fog Dark Limited visibility due to both darkness and heavy fog

(sight distance in heavy fog is about 50 meters)

The type of fog (light fog and heavy fog) was
chosen in the present study based on the
visibility gap and sight distance. In this respect,
Li et al. (2015) and Yan et al. (2014) had chosen
50 meters for simulating light fog conditions and
250 meters for simulating heavy fog conditions
as a sight distance [Li et al. 2015; Yan et al.
2014]. In other words, a sight distance limitation
of 250 meters means that drivers who drive in
the light fog weather condition could not see the
pathway beyond the 250 meters distance. Thus,
drivers can see a blurred simulated road image at

a. Night

b. Night- light fog  c. Night- heavy fog

a distance of fewer than 250 meters. The smaller
the distance, the better the driver's vision was
due to more details in the road environment.
Similar to the light fog conditions, heavy fog
conditions limited the driver's sight distance,
too. Under heavy fog conditions, the sight
distance limitation was 50 meters so that drivers
could see the road environment at a distance of
fewer than 50 meters. Figure 5 shows the
simulated environment under light and heavy
fog conditions.

a.Day  b. Day- light fog  c. Day- heavy fog

Figure 5. Example screenshots to demonstrate simulated conditions
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In the present study, researchers tried to simulate
scenarios that allow drivers to drive and select
speed based on their preferences without any
other variables that may affect their choices.
Since traffic congestion has an important effect
on speed choice, the simulated scenarios had a
good traffic quality that allowed drivers to
choose their desired speeds. In other words, the
traffic quality in simulated scenarios did not pass
the Level of Service C. Therefore; it will give an
assurance that traffic conditions or platooning
will not have any effect on speed choice
behavior.
3.4. Procedure

To collect the research data needed and obtain
the desired research results, participants filled
out one questionnaire before starting the test.
This questionnaire consisted of personal
information such as gender, age, education, and
participants' driving background, such as years
of driving experience, accident rate, license, etc.
After completing the questionnaire by the
participants, drivers got ready to drive in the
driving simulator by receiving a short verbal
explanation about the driving simulator and
experiment procedures.

The simulation scenario consisted of two main
stages, in which the second stage started
immediately after the first stage. The first stage
was "training drive," and the second stage was
"main scenarios." The first stage was simulated
to give information about the working process of
the simulator to the drivers and make them
familiar with the way of simulator controlling.
In this way, the drivers could interact with the
environment of the driving simulator. During the
first stage (training drive), participants had full
visibility conditions. They were able to
distinguish the characteristics of the road, such

as tangents, curves, and signs. The second stage
was the "main scenarios,” and it started after the
first stage. In this stage, any instructions about
driving in the scenarios were not given to the
participants. It was emphasized that they drove
like their normal and actual driving behavior.
All the drivers conducted the six scenarios of
driving tests in the same sequence to avoid any
biased data.

4. Data

Data collection is the most critical part of each
research. This study tried to collect the required
data from the simulator output in an appropriate
and useful way. The output file was in excel
(*.xls) format for each participant that provided
the location and speed details in every fracture
of time. Also, a questionnaire contained
characteristics data, and each driver had filled
out before starting the test. Both data sets had
merged in one excel file that contained simulator
and questionnaire data.
4.1. Data Analysis

As a first step, to select the most appropriate
statistical test for data analysis, it should be
proven that speed data in each of the scenarios
has a normal distribution. Therefore, to evaluate
the normal dispersion of the data set, the
normality test was applied. There are two
interrelated approaches to determine normality.
The first approach is to calculate summary
statistics that measure skewness and kurtosis.
The acceptable skewness and kurtosis values to
prove normal univariate distribution is between -
2 and +2 [George and Paul, 2010]. In Table 2,
the results of the skewness and kurtosis
calculation are shown. The results demonstrate
that speed data in each scenario has a normal
distribution.
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Table 2. Skewness and kurtosis values

Scenario N Skewness Kurtosis
Statistic ~ Statistic ~ Standard Error  Statistic Standard Error

Day and Clear Weather 70 0.321 0.287 -0.294 0.566
Day and Light Fog 70 0.306 0.287 -0.380 0.566
Day and Heavy Fog 70 0.295 0.287 -0.319 0.566
Night and Clear Weather 70 0.852 0.287 0.419 0.566
Night and Light Fog 70 0.426 0.287 0.242 0.566
Night and Heavy Fog 70 0.565 0.287 0.475 0.566

In the second approach and for determining the
normality, the Kolmogorov-Smirnov (K-S) and
Shapiro-Wilk  (S-W)  test results  were
considered. These two tests compare the data
with a normal distribution, which has the same
mean and standard deviation of the sample, to
determine the normality. If the test result is
"NOT significant,” the value is above 0.05, and

so data are non-normal. Conversely, if the test is
"significant,” the wvalue is less than 0.05,
indicating the non-normality of data [Thode,
2002]. Table 3 shows the results of the
Kolmogorov-Smirnov test (K-S) and Shapiro-
Wilk (S-W) test. The results indicate that data
sets have a normal distribution.

Table 3. Kolmogorov-Smirnov test (K-S) and Shapiro-Wilk (S-W) test results

. Kolmogorov-Smirnova Shapiro-Wilk

Scenario — — — —
Statistic Significance Statistic Significance

Day and Clear Weather 0.100 0.083 0.982 0.391
Day and Light Fog 0.076 0.200 0.980 0.341
Day and Heavy Fog 0.088 0.200 0.981 0.353
Night and Clear Weather 0.102 0.075 0.971 0.129
Night and Light Fog 0.104 0.061 0.974 0.153
Night and Heavy Fog 0.088 0.200 0.970 0.090

After obtaining assurance about the normality of
the data distribution, the data were analyzed to
prove the differences between recorded speed
data in various environmental conditions. Since
each data set had a normal distribution, the t-test
analysis was used to show the differences
between recorded speed data [Kanji, 2006].
Table 4 illustrates the t-test results in different
environmental conditions by showing the P-
value parameter. According to these results, the
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P-value in all scenarios is less than 0.05;
therefore, the effect of the various weather
conditions on the drivers' speed-choice behavior
is significant. In other words, the speeds that the
drivers would choose in each weather condition
were different from speed-choice behavior in
other weather conditions.
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Table 4. Results of t-test analysis

Scenario Day and Clear D_ay and Day and Night and N?ght and Night and
Weather Light Fog Heavy Fog Clear Weather Light Fog Heavy Fog
5\2;;”; Clear ; 0.000 0.000 0.001 0.000 0.000
Day and Light Fog 0.000 - 0.000 0.002 0.002 0.000
Day and Heavy Fog 0.000 0.000 - 0.000 0.000 0.000
Night and Clear 0.001 0.002 0.000 . 0.000 0.000
Weather
Night and Light Fog 0.000 0.002 0.000 0.000 - 0.000
Night and Heavy Fog 0.000 0.000 0.000 0.000 0.000 -

5. Results and Discussion

5.1. Speed Statistics
The descriptive statistics of the collected speed
data from the driving simulator are shown in
Table 5. According to the results, the selected
speed by drivers in adverse weather conditions'
scenarios in which drivers have lower visibility
than other scenarios was reduced. For example,
at night and in heavy fog conditions, the mean
selected speed was 43 km/h, showing more
caution of the drivers in lower visibility
conditions. In previous studies accomplished by
Edwards (1999, 2002), it was indicated that
under low-visibility conditions like wet and
foggy weather conditions, the drivers' mean

speed was decreased [Edwards, 1999; Edwards,
2002]. According to Mueller and Trick (2012),
drivers' speed-choice in foggy conditions
reduced compared with the clear weather
condition [Mueller and Trick, 2012]. In another
study, Peng et al. (2018) found out that the mean
speeds of drivers in foggy conditions are
significantly less than clear visibility conditions.
This result showed that speed, the mean of
headways, and the standard deviation of
headways selected by the drivers in various
situations are significantly different [Peng et al.
2018]. These results were in line with the
findings of the present study.

Table 5. Speed statistics in each scenario

. Minimum Maximum Mean Speed .
Scenario Speed (Km/h)  Speed (Km/h) (Km/fl) Standard Deviation
Day and Clear Weather 39 110 72 15.27
Day and Light Fog 34 96 61 13.22
Day and Heavy Fog 24 80 48 12.35
Night and Clear Weather 40 100 65 13.52
Night and Light Fog 32 88 56 12.28
Night and Heavy Fog 25 73 43 9.99

On the other hand, with decreasing visibility
conditions in the road environment, the standard
deviation of observed speeds in the scenarios
was reduced (see Table 5). The lower standard
deviation showed less dispersion of selected

speeds by the drivers (for example, at night and
heavy fog conditions, the standard deviation is
equal to 10). The drivers' inclination to choose
speeds in the range of the mean speed of traffic
in lower visibility conditions causes this
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behavior to enhance safe driving. Figure 6
shows the speed dispersal in the "day" (high
visibility) and "night and heavy fog" conditions
(low visibility) for better understanding. Drivers'
speed-choice behavior was varied by visibility
condition. In low visibility conditions, drivers

had tried to drive in the vicinity of average
130

speed, with a minimum dispersal range. This
result was in contrast with Peng et al. They
indicated that speed differential was increased
with an increase in the sight distance limitation
in both rainy and foggy conditions. But, as they
stated in the paper, their results were not
significant [Peng, Jiang, et al. 2018].
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Figure 6. Speed dispersal in two weather conditions

5.2. Gender Effect on Speed Choice
Based on the aim of this study, which
investigates the characteristics of drivers and
their speed-choice behavior, researchers had
analyzed the gender effect on speed selection.
As expected, the average speed selected by men
in different weather conditions is higher than
women. The graphical result is shown in Figure
7. As shown in all of the scenarios, the selected
speed by men is higher than women; however,
the average speed was decreased by increasing
the visibility restriction. Although in a study by
Yan et al. (2014), results declared that gender
did not affect the drivers' speed-choice behaviors
in foggy weather conditions [Yan et al. 2014],
Other studies' results indicated that women drive
slower than men shows the direct effect of
gender on the speed-choice behavior. It is in line
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with current study results [Butters et al. 2012;
Harré et al. 2000; Harré et al. 1996; Oltedal and
Rundmo, 2006; Zolali and Mirbaha, 2020].
Another statistic revealed the effectiveness of
gender on the speed control behaviors of drivers
in the present study. Among the participants
who choose the speeds higher than the 85"
percentile of speed, men have a higher
proportion than women. The exact percentage of
men and women who choose speeds higher than
the 85" percentile of speed in all scenarios is
shown in Figure 8. Based on Figure 8, 77% of
men had selected higher speed and were driving
faster; however, only 23% of women had
decided to choose high speeds.
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Figure 7. Speed choice differences between men and women
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Figure 8. The proportion of men and women that choose speeds higher than the 85th percentile of speed

5.3. Age Effect on Speed Choice
In order to study the participants' behavior and
their speed selections during the study, they
arranged into five age groups. The age of
participants in groups 1, 2, 3, 4, and 5 were 21 to
28 years old, 29 to 36 years old, 37 to 44 years
old, 45 to 52 years old, and 53 to 60 years old,
respectively. Researchers analyzed age groups
based on the chosen speeds higher than the 85th
percentile of speed, so the following results were

obtained. Among the groups, group 1 had a
higher percentage, which means that the drivers
between 21 and 28 are more interested in
selecting a higher speed than other groups. By
increasing the drivers' age, selecting the speed
higher than the 85th percentile of speed has
decreased among participants. For example,
groups 4 and 5 have the lowest percentages
equal to 3% and 4%. This result has shown in
Figure 9. Previous studies confirm these
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findings. Hakamies-Blomqvist and Wahlstrom,
in a study, proved that driving performance is
affected by age in various aspects. For example,
they indicated that age could affect drivers'
caution behind the wheel, which means that the
younger drivers are usually less cautious than

older drivers [Hakamies-blomqvist, 1998]. Also,
Wu et al. (2018) showed that younger people
during the driving test have less tendency to
reduce their speeds and to have a more rigid
brake [Wu et al. 2018].
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Figure 9. The proportion of drivers who choose speeds higher than the 85th percentile of speed based on age

groups

5.4. Education Effect on Speed Choice
One another variable that affect the speed choice
behavior was education level. The mean speed
and standard deviation of all scenarios in terms
of the drivers' education are shown in Table 6. In
this study, participant drivers have been divided
into five groups concerning the educational
level. These levels include Education 1: diploma
and lower; Education 2: Associate degree;
Education 3: Bachelor; Education 4: Masters;
and Education 5: Ph.D. and higher. As shown in
all of the scenarios, the groups with higher
education levels have chosen lower speeds than
groups with lower education levels. Also, the
selected mean speed was decreased in all five
groups by reducing pure visibility conditions.
About the impact of education level on drivers’
behavior, some studies like a paper by the Wu et
al. indicated that education level have no effect
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on drivers’ speed selection behavior [Wu, et al.
2018]. But other studies have investigated the
relation between driving behavior and education
level. In an study done by Papantoniou et al.
they indicated that drivers who have more
education years than others was less likely to
perform driving errors [Papantoniou, et al.
2019].

Researchers also analyzed the drivers who had
selected speed higher than the 85th percentile of
speed from the education level of viewpoint.
The results of this analysis are shown in Figure
10. According to the obtained results, only 4%
of drivers categorized into the Education 5 group
(Ph.D. and higher) have selected higher speed.
The higher percent corresponds to Education 1
group, which indicates that drivers with a
diploma and lower education levels have more
tendencies to select higher speeds.
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Table 6. Mean speed in each scenario with respect to drivers’ education level
Education 1 Education2 Education 3 Education4 Education 5
(21 drivers) (7 drivers) (14 drivers) (17 drivers) (11 drivers)

Day and Clear Weather

Mean Speed 74 80 74 67 64
Standard Deviation 13 19 16 14 14
Night and Clear Weather

Mean Speed 67 74 69 60 51
Standard Deviation 11 19 15 11 13
Day and Light Fog

Mean Speed 61 74 62 58 55
Standard Deviation 11 16 14 11 12
Day and Heavy Fog

Mean Speed 52 54 50 43 43
Standard Deviation 11 14 13 11 12
Night and Light Fog

Mean Speed 58 68 57 52 49
Standard Deviation 10 15 11 12 11
Night and Heavy Fog

Mean Speed 46 45 45 42 38
Standard Deviation 12 8 10 9 7

N33 High school diploma
Associate degree
oo m Bachelor degree
e
s Masters degree
PhD and higher

%
%
05

<
%

Figure 10. The proportion of drivers who choose speed higher than the 85th percentile of speed based on
education level

5.5. Experience Effect on Speed into three different levels concerning their
Choice driving experience. These levels include
In order to analyze the effect of experience on Experience 1: 2 to 9 years of driving experience;
drivers' behaviors, all drivers have classified it Experience 2: 10 to 25 years of driving
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experience; Experience 3: 26 to 41 years of
driving experience. According to the results, at
all experience levels, the lower visibility
conditions lead to the lowest mean speed
compared to other weather conditions (see Table
7). The mean speeds of groups based on the
driving experience have indicated that the mean
speed of the Experience 3 group and the
Experience 1 group is not significantly different
from each other. However, both are higher than
the mean speed of drivers in the Experience 2
group. The previous studies' results illustrate
that the young drivers, compared with old and
experienced drivers, probably choose a higher
speed [Mueller and Trick, 2012; Zolali et al.
2021], Professional drivers such as taxi drivers
choose lower speed rather than naive drivers [Li
et al. 2015]. Also, experienced drivers have a
lower driving errors compared to others
[Papantoniou et al. 2019]. Similar to other

characteristics of drivers, experience also has
analyzed in terms of speed selection. In this
study, all drivers had declared their driving
experience, and researchers have divided the
drivers into three groups. The results show that
drivers with  lower driving experience
(Experience 1 group) have more tendency to
choose speeds higher than the 85th percentile of
speed. This value is 67% for this group. On the
other hand, drivers categorized into Experience
3 have a lower tendency to select higher speed,
only 14% of drivers. These results show that
drivers with high driving experience are more
cautious than other drivers. Figure 11 shows
drivers' tendency to choose speeds higher than
the 85th percentile speed based on the driving
experience.

Table 7. Mean speed in each scenario with respect to the driving experience

Experience 1

Experience 2  Experience 3

(34 drivers) (21 drivers) (15 drivers)
Day and Clear Weather
Mean Speed 72 70 71
Standard Deviation 17 13 13
Night and Clear Weather
Mean Speed 67 63 64
Standard Deviation 14 12 14
Day and Light Fog
Mean Speed 63 58 60
Standard Deviation 15 9 13
Day and Heavy Fog
Mean Speed 50 44 49
Standard Deviation 13 12 11
Night and Light Fog
Mean Speed 58 53 54
Standard Deviation 14 9 13
Night and Heavy Fog
Mean Speed 44 40 45
Standard Deviation 10 9 10
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Figure 11. The proportion of drivers who choose speed higher than the 85th percentile of speed based on the
driving experience

5.6. Accident

Behavior
In this study, some of the drivers had an accident
during the driving task. According to the study's
aim and to investigate the speed selection
behavior, the drivers who had an accident during
the test were examined. The speed data of these
drivers were analyzed separately. Among 70
participants, 13 drivers had at least one accident
during the test. Speed data has shown that these
drivers had selected speeds higher than other
drivers that they did not have an accident during
the test. Figure 12 shows the mean speed of
drivers who had an accident and did not have an
accident during the driving test. As shown, the
mean speed of drivers with an accident during
the experiment is higher than other drivers, and

and Speed Selection

this difference has the maximum value in the
day and clear weather conditions (maximum
visibility). These results also show that drivers
who choose higher speeds are more likely to
have an accident because they cannot control
their vehicle at high speed.

A review of past articles confirms these results.
In an article published by Parishad et al.,
participants' driving behavior was assessed using
a DBQ. One of the items of the questionnaire
measures the violation item in drivers' behavior.
Based on the results, it has been observed that
drivers who have been involved in accidents in
the past three years have had higher violation
scores, and one of the components for measuring
the violation item is selecting a speed higher
than the allowable limit [Parishad et al. 2020].
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Figure 12. The mean speed of drivers who had an accident and who did not have an accident during the test

6. Conclusion

In the present study, using statistical analysis,
drivers' characteristics effects on the speed-
choice behavior of drivers on a simulated two-
lane rural road were investigated. The data was
collected through revealed (simulator) and stated
(questionnaire) methods. By using these data
and statistical analysis, the results were obtained
and discussed.

According to the obtained results, generally
foggy weather conditions and low visibility
conditions due to lack of daylight decrease the
drivers' inclination to select a higher speed.
Some of the drivers with distinct characteristics
had chosen speeds higher than the 85th
percentile of speed. Drivers' characteristics that
affected their high-speed selection were gender,
age, driving experience level, and education
level. Based on findings in this study, novice
drivers tend to drive faster and select higher
speeds than other age groups. Due to their
numerous experiences in different driving
incidents, experienced drivers are less likely to
select the speed higher than the 85th percentile
of speed. Drivers who have higher education

International Journal of Transportation Engineering,
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levels tried to choose a lower speed in the
vicinity of mean speed than drivers who have a
lower education level. Accident analysis has
revealed that drivers who selected higher speed
than other drivers experienced at least one
accident during the test. This is a significant
result that induces drivers to be more careful
about their speed choice. Governments or
decision-makers should pay more attention to
such drivers with specific characteristics that
stimulate them to select a higher speed.

For future study directions, to find other factors
associated with speed choice behavior,
investigation of the family members to study the
similarity in driving behaviors in the family such
as father and his child can be considered. Also,
participants can be trained and receive
information about safe driving first and then be
tested by the driving simulator. By doing so, it
can be studied which training how much
effective in terms of accident prevention.

For future studies, it recommends finding an
appropriate way to control the potential drivers
(controlling their speed and enhancing safety)
and studying other characteristics that can affect
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the speed selection and accident occurrence like
the stress level in drivers.

7. References

- Anon. 2019. “Iranian Legal Medicine
Organization (LMO).” Web-Based Death and
Injury Statistics Reporting System.

- Bella, Francesco, Alessandro Calvi, and
Fabrizio D’Amico. 2014. “Analysis of Driver
Speeds under Night Driving Conditions Using a
Driving Simulator.” Journal of Safety Research
49:45.e1-52.

- Brooks, Johnell O., Matthew C. Crisler,
Nathan Klein, Richard Goodenough, Rebekkah
W. Beeco, Chris Guirl, Peg J. Tyler, Anna
Hilpert, Yarbough Miller, Jason Grygier, Brooke
Burroughs, Ashley Martin, Rob Ray, Cody
Palmer, and Christine Beck. 2011. “Speed
Choice and Driving Performance in Simulated
Foggy Conditions.” Accident Analysis and
Prevention 43(3):698-705.

- Broughton, Kathy L. M., Fred Switzer,
and Don Scott. 2007. “Car Following Decisions
under Three Visibility Conditions and Two
Speeds Tested with a Driving Simulator.”
Accident Analysis and Prevention 39(1):106-16.

- Butters, Jennifer, Robert E. Mann,
Christine M. Wickens, and Paul Boase. 2012.
“Gender  Differences and  Demographic
Influences in Perceived Concern for Driver
Safety and Support for Impaired Driving
Countermeasures.” Journal of Safety Research
43(5-6):405-11.

- Cai, Xiaoyu, Cailin Lei, Bo Peng,
Xiaoyong Tang, and Zhigang Gao. 2020. “Road
Traffic Safety Risk Estimation Method Based on
Vehicle Onboard Diagnostic Data” edited by B.

Faroog. Journal of Advanced Transportation
2020:3024101.

- Calvi, Alessandro, and Francesco Bella.
2014. “Modeling Speed Differential Parameters
in Day and Night Environments Using Driving
Simulator.”  Pp. 648-61 in  Procedia
Engineering. Vol. 84. Elsevier Ltd.

- Duddu, Venkata R., Venu Madhav, and
Srinivas S. Pulugurtha. 2019. “Crash Risk
Factors Associated with Injury Severity of Teen
Drivers.” IATSS Research 43(1):37-43.

- Edwards, J. B. 1999. “The Temporal
Distribution of Road Accidents in Adverse
Weather.” Meteorological Applications 6(1):59—
68.

- Edwards, Julia B. 2002. “Motorway
Speeds in Wet Weather: The Comparative
Influence of Porous and Conventional Asphalt
Surfacings.” 10:303-11.

- Fu, Xinsha, Shijian He, Jintao Du,
Xiaofei Wang, and Ting Ge. 2020. “Variations
in Naturalistic Driving Behavior and Visual
Perception at the Entrances of Short, Medium,
and Long Tunnels.” Journal of Advanced
Transportation 2020.

- George, Derren, and Mallery Paul. 2010.
“SPSS for Windows Step by Step. A Simple
Study Guide and Reference (10. Baski).” GEN,
Boston, MA: Pearson Education, Inc.

- Gilandeh, Salar Sadeghi, Mansour Hadji
Hosseinlou, and Alireza Jafari Anarkooli. 2018.
“Examining Bus Driver Behavior as a Function
of Roadway Features under Daytime and
Nighttime  Lighting  Conditions:  Driving

International Journal of Transportation Engineering,

Vol. 9/ No.3/ (35) Winter 2022



Mehdi Zolali, Babak Mirbaha, Arman Saffarzadeh

Simulator Study.” Safety Science 110:142-51.

- Hakamies-blomgqvist, Liisa. 1998. “Why
Do Older Drivers Give up Driving ?” Accident
Analysis & Prevention 30(3):305-12.

- Hamdar, Samer H., Linggiao Qin, and
Alireza Talebpour. 2016. “Weather and Road
Geometry Impact on Longitudinal Driving
Behavior: Exploratory Analysis Using an
Empirically Supported Acceleration Modeling
Framework.” Transportation Research Part C:
Emerging Technologies 67:193-213.

- Harré, Niki, Theo Brandt, and Martin
Dawe. 2000. “The Development of Risky
Driving in Adolescence.” Journal of Safety
Research 31(4):185-94.

- Harré, Niki, Jeff Field, and Barry
Kirkwood. 1996. “Gender Differences and Areas
of Common Concern in the Driving Behaviors
and Attitudes of Adolescents.” Journal of Safety
Research 27(3):163-73.

- Hoogendoorn, Raymond G., Serge P.
Hoogendoorn, Karel A. Brookhuis, and Winnie
Daamen. 2011. “Adaptation Longitudinal
Driving Behavior, Mental Workload, and
Psycho-Spacing Models in Fog.” Transportation
Research Record 2249(1):20-28.

- Jafari Anarkooli, A., and M. Hadji
Hosseinlou. 2016. “Analysis of the Injury
Severity of Crashes by Considering Different
Lighting Conditions on Two-Lane Rural
Roads.” Journal of Safety Research 56:57-65.

- Kanji, Gopal K. 2006. 100 Statistical
Tests. SAGE Publications.

International Journal of Transportation Engineering,

Vol. 9/ No.3/ (35) Winter 2022

- Konstantopoulos, Panos, Peter
Chapman, and David Crundall. 2010. “Driver’s
Visual Attention as a Function of Driving
Experience and Visibility. Using a Driving
Simulator to Explore Drivers’ Eye Movements
in Day, Night and Rain Driving.” Accident
Analysis and Prevention 42(3):827-34.

- Lee, Jooyoung, Jiho Yeo, llsoo Yun,
and Sanghyeok Kang. 2020. “Factors Affecting
Crash Involvement of Commercial Vehicle
Drivers : Evaluation of Commercial Vehicle
Drivers ° Characteristics in South Korea.”
Journal of Advanced Transportation 2020.

- Li, Shuo, Phil Blythe, Weihong Guo,
and Anil Namdeo. 2019. “Investigating the
Effects of Age and Disengagement in Driving on
Driver > s Takeover Control Performance in
Highly Automated Vehicles.” Transportation
Planning and Technology 42(5):470-97.

- Li, Xiaomeng, Xuedong Yan, and S. C.
Wong. 2015. “Effects of Fog, Driver Experience
and Gender on Driving Behavior on S-Curved
Road Segments.” Accident Analysis and
Prevention 77:91-104.

- Liu, Jing, Jing Cai, Shanshan Lin, and
Jianyou Zhao. 2020. “Analysis of Factors
Affecting a Driver * s Driving Speed Selection
in Low Illumination.” 2020.

- Mueller, Alexandra S., and Lana M.
Trick. 2012. “Driving in Fog: The Effects of
Driving Experience and Visibility on Speed
Compensation and Hazard Avoidance.” Accident
Analysis and Prevention 48:472-79.

- Ni, Rui, Julie J. Kang, and George J.
Andersen. 2010. “Age-Related Declines in Car



Drivers' speed choice behavior considering drivers' demographic characteristics: A driving simulator study

Following Performance under Simulated Fog
Conditions.” Accident Analysis and Prevention
42(3):818-26.

- Oltedal, Sigve, and Torbjgrn Rundmao.
2006. “The Effects of Personality and Gender on
Risky Driving Behaviour and Accident
Involvement.” Safety Science 44(7):621-28.

- Pan, Fuquan, Yongzheng Yang, Lixia
Zhang, Changxi Ma, Jinshun Yang, and Xilong
Zhang. 2020. “Analysis of the Impact of Traffic
Violation Monitoring on the Vehicle Speeds of
Urban Main Road: Taking China as an
Example.” Journal of Advanced Transportation
2020:1-11.

- Papantoniou, Panagiotis, George
Yannis, and Eleni Christofa. 2019a. “Which
Factors Lead to Driving Errors ? A Structural
Equation Model Analysis through a Driving
Simulator ~ Experiment.” IATSS  Research
43(1):44-50.

- Papantoniou, Panagiotis, George
Yannis, and Eleni Christofa. 2019b. “Which
Factors Lead to Driving Errors? A Structural
Equation Model Analysis through a Driving
Simulator ~ Experiment.” |IATSS  Research
43(1):44-50.

- Parishad, Nasser, Kayvan Aghabayk,
Rose Rezaie, Alireza Samerei, and Amin
Mohammadi. 2020. “Validation of the Driver
Behavior Questionnaire in a Representative
Sample of Iranian Drivers.” Civil Engineering
Infrastructures Journal 53(1):161-71.

- Peng, Yichuan, Mohamed Abdel-aty, M
Asce, Jaeyoung Lee, M. Asce, and Yajie Zou.
2018. “Analysis of the Impact of Fog-Related

Reduced Visibility on Traffic Parameters.”
Journal  of  Transportation  Engineering
144(2):1-8.

- Peng, Yichuan, Yuming Jiang, Jian Lu,
and Yajie Zou. 2018. “Examining the Effect of
Adverse Weather on Road Transportation Using
Weather and Traffic Sensors.” PloS One
13(10):e0205409-e02054009.

- Rahman, Ashrafur, and Nicholas E.
Lownes. 2012. “Analysis of Rainfall Impacts on
Platooned Vehicle Spacing and Speed.”
Transportation Research Part F: Psychology
and Behaviour 15(4):395-403.

- Rumar, Kare. 1998. “Lane Markings in
Night Driving: A Review of Past Research.”
Transportation Research Institute, University of
Michigan, Ann Arbor.

- Thode, Henry C. 2002. Testing for
Normality. Vol. 164. CRC press.

- Wu, Yina, Mohamed Abdel-aty,
Juneyoung Park, and Ryan M. Selby. 2018.
“Effects of Real-Time Warning Systems on
Driving under Fog Conditions Using an
Empirically Supported Speed Choice Modeling
Framework.” Transportation Research Part C
86:97-110.

Wu, Yina, Mohamed Abdel-Aty,
Juneyoung Park, and Ryan M. Selby. 2018.
“Effects of Real-Time Warning Systems on
Driving under Fog Conditions Using an
Empirically Supported Speed Choice Modeling
Framework.” Transportation Research Part C:
Emerging Technologies 86(October 2017):97—
110.

International Journal of Transportation Engineering,

Vol. 9/ No.3/ (35) Winter 2022



Mehdi Zolali, Babak Mirbaha, Arman Saffarzadeh

- Yan, Xuedong, Xiaomeng Li, Yang Liu,
and Jia Zhao. 2014. “Effects of Foggy
Conditions on Drivers’ Speed Control Behaviors
at Different Risk Levels.” Safety Science
68:275-87.

- Yang, Jingsi, Xuedong Yan, Qingwan
Xue, Xiaomeng Li, Ke Duan, Junyu Hang, and
Wanjun Li. 2019. “Exploring the Effects of
Signs > Design and in-Vehicle Audio Warning
on Driver Behavior at Flashing-Light-Controlled
Grade Crossings: A Driving Simulator-Based
Study.” Journal of Advanced Transportation
20109.

- Zhang, Tingru, Foroogh
Hajiseyedjavadi, Yuhua Wang, Siby Samuel,
and Xingda Qu. 2018. “Training Interventions
Are Only Effective on Careful Drivers , Not
Careless Drivers.” Transportation Research Part
F: Psychology and Behaviour 58:693-707.

- Zolali, Mehdi, and Babak Mirbaha.
2020. “Analysing the Effect of Foggy Weather
on Drivers’ Speed Choice in Two-Lane
Highways.” Proceedings of the Institution of
Civil Engineers: Transport 173(3):171-83.

- Zolali, Mehdi, Babak Mirbaha, Maziyar
Layegh, and Hamid Reza Behnood. 2021. “A
Behavioral Model of Drivers’ Mean Speed
Influenced by Weather Conditions, Road
Geometry, and Driver Characteristics Using a
Driving Simulator Study” edited by Y.-C. Lin.
Advances in Civil Engineering 2021:5542905.

- Zolali, Mehdi; Mirbaha, Babak; and
Behnood, Hamid Reza (2021) “Impact of
Drivers' Characteristics on Speed Choice
Behavior in Adverse Weather Conditions: A
Driving Simulator Study” Transportation

International Journal of Transportation Engineering,

Vol. 9/ No.3/ (35) Winter 2022

Research Board 100th Annual Meeting,
Washington DC, United States, 2021-1-5 to
2021-1-29



