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ABSTRACT

Article info: :  Background: Drivers play a crucial role in accidents. By paying attention to brake lights, a
. driver may find out about danger and react adequately. Rear-end collision accidents are caused
by the driver’s inattention or slow reaction. This study aimed to determine the effect of dynamic
flashing brake lights (7 Hz) on drivers’ brake reaction time using the driving simulator.
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Materials and Methods: This experimental study was done on 46 volunteer drivers (10
females and 36 males). After verification of drivers’ vision health by an optometrist (10/10
complete and non-color blindness) and responding to a demographic questionnaire, the
participants were subjected to drive for an hour during day and night using a driving simulator
system with the standard and dynamic flashing brake lights.

Results: The results indicated that for each 1 year increase in the drivers’ age, the brake reaction
time decreased 11.585 ms. Women had slower brake reaction time than men (75.52 ms). No
significant relationship was found between the driving condition and brake reaction time.
Computer driving gamers had shorter mean reaction time compared with non-game players.
The time elapsed since taking a driving license had no significant effect on reaction time. Using
flashing brake lights reduced the brake reaction time of drivers (323.42 ms; P<0.001).

Keywords: : Conclusion: The current research using dynamic flashing brake lights with a flashing frequency
Ergonomics, Automobile :  of 7 Hz showed that flashing brake lights significantly reduced the brake reaction time. This
driving, Accidents, Traffic ¢ reduction was equivalent to 10.78 m at a speed of about 120 km/h or 7.19 m at 80 km/h.
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1. Introduction

ver 1.2 million people die each year as a

result of traffic accidents worldwide, and

between 20 and 50 million people suffer

from non-fatal injuries. In 2004, car acci-

dents were known as the ninth cause of the
global death rate and based on the World Health Organi-
zation (WHO) report, this rank will increase to the fifth
cause by 2030 [1]. In many regions of the world, the inci-
dence of road traffic injuries is still increasing. Over 90%
of deaths on the world’s roads occur in low-income and
middle-income countries, which have only 48% of the
world’s vehicles [1, 2]. According to the WHO Global
Burden of Disease Project, road traffic accidents caused
1.27 million deaths in 2004. The road traffic injuries
exert a considerable economic burden worldwide, espe-
cially in developing countries, which are under pressure
to provide their developmental needs [3, 4]. The global
financial loss due to road traffic injuries are estimated to
be US $518 billion and it costs governments between
1% and 3% of their gross national product. According to
the Legal Medicine Organization of Iran, 23362 traffic-
related deaths were recorded in the 2009-2010 period
and 22974 in the 2008-2009 period [5]. Traffic accidents
in Iran have become a social problem and are among the
significant causes of death [3].

A study in Japan showed that rear-end collision is re-
sponsible for 4% of mortalities and 50% of damages. In
a study to find the underlying reason for such accidents,
it was reported that 46% of them result from the lack of
drivers’ attention on the front, 24% from errors in deci-
sion making, 14% from driver’s lack of concentration
and careless decision making, and 10% from car fail-
ure [6]. Three major factors are involved in each road
accident: the car, its mechanical failure, and improper
function; the environment, precipitation, road, etc.; and
human errors.

The lack of attention toward the front as well as delayed
reactions are the main reasons for accidents. Human fac-
tors are the leading causes or the determining factors in
90-95% of all traffic accidents. Human factors refer to
the physical, psychological, social, and cultural charac-
teristics of the drivers [4]. Therefore, as a human factor,
driver’s carelessness and lack of alertness increase the
risk of an accident [3, 7-9]. Increasing risk comprehen-
sion and reducing the time to react can result in fewer car
accidents [10]. The important factors to cause a rear-end
collision are the driver’s inattention, division of atten-
tion, wrong reaction, delay in response, following too
closely, and looking around while driving [11, 12].
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In the 1970s, the third brake light was used to decrease
the risk of accidents, which was installed between the
existing brake lights. This system was found useful in
preventing about 126,000 accidents and also in terms
of treatment and extra charges, it saved over $5 million
[13]. Nowadays, scientists believe that using Emergency
Brake Light Display (EBLD) or other attention captur-
ing systems results in a quicker reaction by drivers to the
front car’s brake [14-16]. In the EBLD system, in addi-
tion to the regular brake lights, some other braking lights
are used and these signals alert the drivers and shorten
their reaction time [17].

Also, the effect of bright lights has been reported on
the level of consciousness and sleepiness of people who
work at night with special occupations [18]. Prevention
of traffic accidents and injuries has been a global con-
cern [19, 20]. Drivers need to have an acceptable level
of physical and mental health to reduce risky road be-
haviors. Their characteristics are associated with their
driving abilities and behaviors [4]. This study aimed at
investigating the effect of flashing brake light (7 Hz) in
decreasing drivers’ brake reaction time as well as release
gas pedal time.

2. Materials and Methods
Study participants

The current study was conducted on 46 volunteer driv-
ers (10 females and 36 males), of whom more than 60%
were taxi drivers. They were informed about the con-
ditions and objectives of the study and provided their
informed consent. All participants had the second-grade
driver’s license of Iran and were examined for their vi-
sion (10/10 vision and non-color blindness) [21]. They
also filled a demographic questionnaire including age,
gender, the time elapsed since taking driver’s license, his-
tory of driving, and a history of playing computer driv-
ing games. Driving experience divides drivers into three
groups: novice (driving less than 1000 km), beginner
(driving between 1000 and 50,000 km), and experienced
drivers (driving over 50,000 km) [22].

Study instruments

In the present study, we applied the driving simulator
model PR-M3, which has been approved by the Iranian
Research Organization for Science and Technology both
scientifically and technically. The simulator is a mecha-
tronics software system that assimilates different parts
of a car and creates an artificial driving environment
using proper software and hardware. It also can record
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Figure 1. A sample of driving environment roads during the day, using a driving model

the drivers’ reactions while driving. Three 19-inch LCD
monitors with an angle vision of 120° are used to show
the assimilated environment to the driver panoramically,
and the natural sounds and noises of the car are playing
using two speakers and headsets. This simulator updates
the input and output data 90 times per second. It is also
able to simulate driving situations both during day and
night and measure and record the time of releasing the
gas pedal and applying the brake in accordance with the
front car’s brake (Figure 1). This simulator works like an
instrument in the Virtual Reality Laboratory of Khajeh
Nasir Toosi University of Technology [19, 21]. The sim-
ulator is kept at room temperature and an audio-control
and quiet room.

Study procedure

Each participant was asked to drive in a 2-way road for
60 min. There were some assimilated cars on the road
that moved in the same direction, causing the driver to
apply a brake or stop the car randomly. Flashing or stan-
dard brake lights were used in these cars and the partici-
pant should react to the situation as well. The driving sys-
tem records the time of the driver’s reaction and makes
the analyses possible. Each participant using a driving
simulator system drove for an hour in the day and night
conditions, during which, according to the protocol, the
driver was randomly exposed to the standard and flash-
ing brake lights (7 Hz).

The data obtained from driving tests, including reac-
tion times, were recorded by the simulator software and
were analyzed in SPSS V. 16. The simultaneous effect
of independent variables on the time of reaction against

braking and releasing the gas pedal were studied using
a linear mixed model. Independent parameters, such as
fixed effect input to the model were age, sex (female=0,
male=1), education (high school diploma=0, techni-
cians=1, BA/BS=2, MA/MS=3, PhD=4), a history of
playing video driving game (no=0, yes=1), the year of
taking driving license, driving experience (beginner=0,
novice=1, experienced=2), driving condition (day=0,
night=1), time to collision (ms) and the brake light type
(standard=0, flashing=1). The random parameter for the
mixed model was ID (driver brake observation).

3. Results

Four drivers (3 women and 1 man) could not finish the
experiment, as the result of some problems related to the
simulator sicknesses (such as being out of focus, sore
eyes, dizziness, nausea, etc.) and were asked to leave the
experiment for their safety [23]. The MeantSD age of
the remaining 46 participants was 30.37+6.644 years, in-
cluding 10 women with the Mean+SD age of 29+4.784
years and 36 men with the Mean+SD age of 30.75+7.085
years. Among the participants, 54.35% had a history of
playing computer driving games. Regarding the edu-
cational level, 14 subjects had a high school diploma,
5 subjects were technicians, 10 subjects had a BA/BS
degree, 15 subjects had an MA/MS degree, and 2 par-
ticipants had PhD degree. The mean time elapsed since
taking a second-class driving license was 7.37 years.
Among the participants, there were 4 novice drivers, 13
beginner drivers, and 29 experienced drivers. Tables 1
and Tables 2 show the effects of independent variables
on brake reaction time and releasing the gas pedal.
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Table 1. Estimates of the fixed effects on brake reaction time and the final mixed model analysis output

Parameter Estimate (ms)  Std. Error df t Sig.

Age - -11.58 2.96 2396 -3.910 <0.000

Sex Female (ref. male) 75.52 31.88 2396 2.369 0.018
Technicians (ref. high school diploma) -103.91 40.31 2396 -2.578 0.010

BA/BS (ref. high school diploma) -146.26 39.65 2396 -3.689 <0.000

Education

MA/MS (ref. high school diploma) -175.24 34.73 2396 -5.046 <0.000

PhD (ref. high school diploma) -24.60 65.54 2396 -0.375 0.707

Video games No (ref. yes) 81.26 25.79 2396 3.151 0.002
Taking driving license (y) - 8.18 3.78 2396 2.161 0.031
Novice (ref. beginner) -267.66 45.01 2396 -5.946 <0.001

Driving experience

Experienced (ref. beginner) -177.08 51.21 2396 -3.458 0.001

Time to collision (ms) - 0.26 0.01 2396 30.040 <0.001
Brake light Standard (ref. flashing) 323.42 21.62 2396 <0.001 <0.001

An increase in the driver’s age results in a decrease of
11.58 ms in his reaction brake time (P<0.001). Compared
with men, brake reaction time in women was 72.52 ms
more than men (P=0.018). The drivers’ reaction who had
a history of playing driving video games, was 81.26 ms
quicker (P=0.002). By increasing the time elapsed since
taking a driving license, brake reaction time (8.18 ms)
also increased (P=0.031). Comparing the beginner and
novice drivers, the former group showed a quicker reac-
tion time (-267.66 ms) to apply the brakes (P<0.001),
and comparing the beginner and experienced groups in
a similar situation, the experienced group applied the
brakes quickly (-177.08 ms; P=0.001). According to
the linear mixed model used for data analysis (Tables 1
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& Tables 2), one of the most effective factors on brake
reaction time and release gas pedal time was the time
to collision (P<0.001). Speed, the distance between two
cars, brake velocity, and acceleration of the front vehicle
are the main factors affecting the time to collision. Us-
ing flashing brake lights improved braking reaction time
(323.42 ms; P<0.001).

As shown in Figure 2, the mean brake reaction time in
women was more than men (252.75 versus 214.23 ms)
using standard and flashing brake lights. The mean brake
reaction time in women and men using the standard and
flashing brake lights were 1366 and 946.21 ms, and
1113.25 and 731.98 ms, respectively.

Table 2. Estimates of the fixed effects on releasing gas pedal time, final mixed model analysis output

Parameter Estimate (ms)  Std. Error df t Sig.
Technicians (ref. high school diploma) -59.09 34.28 2955 -1.724 0.085
BA/BS (ref. high school diploma) -136.20 29.59 2955 -4.603 <0.000
Education
MA/MS (ref. high school diploma) -83.60 27.24 2955 -3.069 0.002
PhD (ref. high school diploma) -138.10 58.92 2955 -2.344 0.019
Time to collision (ms) - 0.08 0.01 2955 11.796 <0.000
Brake light Standard (ref. flashing) 50.22 21.00 2955 2.391 0.017
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Figure 2. Differences in brake reaction time between men
and women using the standard and flashing brake lights

Figure 3 shows the differences in brake reaction time
in three experience levels of driving using the standard
and flashing brake lights. The mean brake reaction time
of the beginner, novice, and experienced drivers was
1318.64, 976.36, and 951.19 ms, respectively. Using
flashing brake lights decreased the time of releasing gas
pedal by 50.22 ms (P=0.017).
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Figure 4. Different times of the reaction to release gas pedal
between men and women using the standard and blinking
lights
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Figure 3. The difference in brake reaction time based on
driving experience, using the standard and flashing brake
lights

The time of releasing gas pedal between men and wom-
en is shown in Figure 4 using the standard and flashing
brake lights. The mean time of releasing gas pedal in fe-
males using the standard and flashing brake lights was
641.78 and 483.28 ms, respectively. Besides, the mean
time of releasing gas pedal in males using the standard
and flashing brake lights was 523.17 and 478.53 ms, re-
spectively. Day and night driving showed no significant
effect on brake reaction time (P>0.05).

4. Discussion

The results showed a significant correlation between
the drivers’ age and brake reaction time. By increas-
ing the age of the driver, a significant decrease in brake
reaction time is observed (11.58 ms). Therefore, older
drivers have a shorter brake reaction time. It should be
mentioned that the age range of the subjects in the pres-
ent study was 20-46 years, which varies from the young
to older adults. However, Makishita et al. [24], Martin
et al. [25], and Shinar et al. [26] have reported a signifi-
cant difference between the brake reaction time in young
and older drivers, where older adults showed slower
reactions. Our results showed a significant difference
in brake reaction time between men and women (75.52
ms), which proves the gender differences in brake reac-
tion time. Sylvak et al. and Consiglo et al. reported no
relationship between gender and brake reaction time [27,
28]. However, Mahmood and Asa reported that women
had slower brake reaction time [29].
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By increasing the time elapsed since taking the driving
license, braking reaction time improved. Therefore, an
increase of 8.17 ms was seen in the reaction time per
year elapsed since taking a driving license. This finding
contrasts with the results reported by Sagberg and Bjern-
skau [10] and Rosenbloom [30]. Using different reaction
time measurement tools can be a reason for this differ-
ence. In the present study, the driving simulator system
recorded the driver’s reaction time; however, Sagberg
and Bjernskau used a video-based system and asked
participants to push a bottom as they felt the danger and
then recorded their time of reaction using a computer. It
is believed that using a driving simulator resembles the
real driving situations, similar to the present study.

Although driving experience was not considered as a
significant factor affecting the reaction time to release
the gas pedal, it plays a vital role in stopping the car
(P=0.001). According to Figure 3, the more experi-
enced had a shorter and quicker brake reaction time
while driving. These results are not consistent with the
results reported by Somala et al. (1998). Although So-
mala applied regular cars (Lada and Mitsubishi) in a real
environment, the gender difference (Somala study: 20
women and 8 men versus the present study: 10 women
and 36 men) and different driving experiences (6 begin-
ners, 13 novices and 9 experienced drivers in Somala
study versus 4 beginners, 13 novices and 29 experienced
drivers in the present study) can be regarded as the rea-
sons for observing different results. In the present study,
samples were more experienced in driving, whereas in
Somala study, they were novice or beginner drivers [22].
The mean time to release gas pedal while driving during
the day was less than that of driving at night; however,
day and night driving showed no significant effect on
drivers’ reactions. This finding is consistent with the re-
sults reported by Isler and Starki [11] and Brooks and
Rafat studies [12].

The main finding of the current study was the signifi-
cant effect of the type of brake light on the driver’s reac-
tion, which is in line with the results of Isler and Starki,
Berg et al. Alfredick, Lee and Milgram, and Tang et al.
[11, 14,17, 31].

Several studies have investigated the leading causes
of accidents. Studying the effective factors, they aimed
at preventing accidents and, as a result, saving human
lives and reducing financial costs [20]. In this regard, in
the present study, the flashing brake lights were used to
decrease the driver’s brake reaction time and prevent the
rear-end collisions. By using flashing brake lights with
a frequency of 7 Hz, the brake reaction time decreased
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323.42 ms. The findings of our study can help reduce the
number of future accidents.

5. Conclusion

This study was done to determine the effect of a flash-
ing brake light on the driver’s reactive behaviors in a
simulator environment and demonstrated the positive
impact of this design on the driver’s length of reaction.
More studies are suggested to be done in the simulation
environment as well as in field studies to confirm this
conclusion.
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