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Abstract

Countdown signals for motorized vehicles, which are intended to ensure safety on the road and regulate motor vehicle speed limits at road
intersections, are still considered a relatively novel concept. These signals have been adopted by only a few countries, and the number of cities
that use them is limited. This review aims to summarize the effects of countdown signals on traffic safety and efficiency and to determine the
consistency and differences of existing research propositions on the matter. Based on the review, considerable research presents evidently
different conclusions in the areas of driver red-light running and traffic safety. Particularly, some studies propose that countdown signals
reinforce traffic safety, whereas others consider that such signals adversely affect traffic safety. Meanwhile, related literature provides varying
conclusions on the aspect of traffic efficiency for vehicle headway. At present, the number of studies conducted regarding the driving behaviors
of motorists toward countdown-signalized intersections is insufficient. Accordingly, such inadequate diversity in research causes difficulty in
completely assessing the benefits and disadvantages of countdown signals. In this paper, an important future research direction on microcosmic

driving psychological and physiological data combined with macro-driving behavior is proposed.
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Introduction

Road intersections generally consist of unsignaled and
signaled intersections, in which the latter are regulated by traf-
fic control signals. Traditional signals emit LED lights in the
form of uniform balls. However, the types and structures of
signal lights have changed, in which some flash signal lights in
the forms of arrow, pedestrian, and bicycle. Countdown signal
lights have also emerged. These signals refer to the new type of
traffic lights assembled by ordinary signal lights, and the count-
down device or timer that indicates the normal signal phase
colors can simultaneously display the remaining time of the
signal phase, thereby enabling drivers and pedestrians to
choose a traffic behavior, that is, to stop or cross the intersec-
tion. Road intersections equipped with countdown signal lights
are called countdown-signalized intersections.

Countdown signals can be classified into motorized vehicle,
non-motorized vehicle, and pedestrian countdown signals.
Motorized vehicle countdown signals include two types,
namely, green and red. Figure 1 shows an example of two types
of motorized vehicle countdown signal located in Qingdao City,
Shandong Province, China.

Motorized vehicle countdown signals have a significant influ-
ence on road traffic control. In particular, if countdown signals
adversely affect the driving behaviors of motorists, traffic safety
is compromised. Consequently, this study focuses on motor-
ized vehicle countdown signals. In this paper, if the type of
countdown signal is not specified, motorized vehicle count-
down signals are referred to.
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According to data provided by the National Bureau of Statis-
tics of China, there were 273,098 traffic accidents in China in
2021, of which 233,729 were motor vehicle accidents, account-
ing for 85.58% of the total traffic accidents. Research has shown
that traffic accidents occurring at intersections account for
approximately 20% of the total number of motor vehicle traffic
accidents(’2l. As an important controller at intersections, signal
lights are crucial for traffic safety and should receive people's
attention.

Countdown signals display the remaining time of passage, or
the time that drivers and pedestrians must wait before cross-
ing the road. These traffic signals motivate road users to be
cautious; thus, the use of such signals has been widely
accepted. Nevertheless, doubts exist on the safety of these
signals. Although they are intended to improve traffic effi-
ciency, countdown signals may affect the traffic psychology
and behavior of motorists and pedestrians as well as evoke
latent dangerBl. A countdown signal typically flashes a green
light that allows traffic to proceed in the indicated direction
and a red light that prohibits any traffic from proceeding. The
countdown signal displays the remaining time of the go signal
phase, which may induce some drivers to accelerate to pass
through the intersection before the light changes; also, the
countdown signal displays the remaining stop signal phase,
which may induce some drivers to start their vehicles immedi-
ately so that they can get ahead of other vehicles when the
light changes. Both cases can result in traffic conflicts, which
may lead to traffic accidents.
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Fig.1 Two types of motorized vehicle countdown signals.

Especially for new drivers, the change from a green to a red
signal may cause psychological pressure on them. Is it to
continue to drive the vehicle through the intersection? Or wait
for the next green signal? The new driver may have the hesi-
tant situation. This is because drivers without driving experi-
ence tend to have immature driving psychology and driving
behaviors, don't know how to appropriately deal with the
appearance of a sudden traffic incident, and even feel nervous
when they meet a countdown signal conversion!. This is likely
to increase the unsafe situation at countdown signalized inter-
sections.

To date, countdown signals are still a relatively new concept.
This paper summarizes the studies on the effects of count-
down signals on driving behavior related to traffic safety and
efficiency and encourages researchers at the micro and macro
levels to explore the effects of countdown signals on traffic
behavior and safety.

Literature review

Method

Relevant literature on driving behavior toward countdown-
signalized intersections was researched and analyzed. Combi-
nation of keywords using words such as traffic safety, traffic
efficiency with countdown signal, signal display, signal device,
or timers. Resource databases (in both English and Chinese)
related to transportation or traffic were selected. These sources
primarily included the main databases of Elsevier (www.science
direct.com/), the American Society of Civil Engineers (http://asce
library.org/), Taylor & Francis (www.tandfonline.com/), John
Wiley & Sons Inc. (http://onlinelibrary.wiley.com/), Springer—
Verlag (www.springerlink.com), |EEE/IEE Electronic Library
(http://ieeexplore.ieee.org/), CNKI of China ((www.cnki.net), and
Wanfang of China (www.wanfangdata.com.cn/). The related
literature was downloaded and reviewed, and the conclusions
presented by these studies were compared.

Characteristics of included literature and preliminary
findings

A total of 46 papers related to driving behaviors about traffic
safety and efficiency at countdown-signalized intersections
were reviewed. The sources and quantitative characteristics of
these studies are shown in Table 1.
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As known from Table 1, several countries, including China,
Thailand, India, Singapore, Malaysia, Greece, the US, and the
UK, currently apply countdown signals at road intersections.
Relatively speaking, China has previously adopted countdown
signals (the authors of this paper live in China and know the
application of countdown signals in China). In fact, these
signals were employed 10 years ago in some cities in China.
Currently, countdown signal lights are widely used in China,
particularly in large urban centers such as Beijing, Guangzhou,
Qingdao, and Jinan. However, countdown signals are not used
at all intersections in all cities in China or other countries. Such
insufficient application of countdown signals and other related
reasons have led to a scarcity of studies on countdown signals
and their effects on driving behaviors related to traffic safety
and efficiency.

Studies on green and red countdown signals

Countdown signals generally incorporate green and red
signals, which may produce varying effects. In general, the
countdown is shown by a device, such as a display or a timer.
For convenience, abbreviate a signal countdown device
(display or timer) to SCD, a green signal countdown device
(display or timer) to GSCD, and a red signal countdown device
(display or timer) to RSCD as well. Table 2 shows studies of the
effects of GSCD and/or RSCD.

Other studies on countdown signals

Some researchers did not specifically indicate whether their
investigation aimed to explore the green or red countdown
signal but focused on countdown signals in general, as shown
in Table 3.

Countdown signals are used in some countries. However, the
current standards or installation specifications are incomplete,

Table 1. The sources and quantitative characteristics of studies.

Time
2005
2008
2006
2006
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2019
2020
2022
2017
2009
2010
2018
2020
2012
2015
2017
2021
2022
2014

Country Total number Number

Malaysia 2

Singapore 1
China 32

Korea 1
Thailand 2

The US 1
The UK 1
India 5
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Table 2. Studies on GSCD and/or RSCD

Impact of countdown signals on traffic safety

Study

Country

Study methodology

Content and/or results

Conclusions

Lum & Halim[®
(2006)

Wang & Yang!®
(2006)

Yuan et al.”!
(2009)

Chiou & Chang'®!
(2010)

Ma et al.”! (2010)

Qian & Han!'”!
(2010)

Qian!'"1(2011)

Zhu et al.l'?
(2012)

Lin et al.l'* (2013)

Huang et al.l'¥
(2014)

Singapore Compared the red-running and red-

China

China

China

China

China

China

China

China

China

stopping characteristics before GSCD
installation with those obtained after
GSCD started operation and used
proportional tests to evaluate the
statistical significance of the results.

A questionnaire survey was conducted
on 377 drivers in Longyan City, Fujian
Province, to analyze their behavior
choices and calculate the start delay
time based on the survey results.

The method used in this study focuses
on comparative parallel research,
collecting driver behavior
characteristics of 4 countdown
intersections and 4 non-countdown
intersections in Nanjing, and
comparing and analyzing the average
values of the results.

Three driver responses to GSCD (late-
stopping ratio, dilemma zone, and
decision to cross) and three driver
responses to RSCD (early start ratio,
start-up delay, and discharge
headway) were observed and analyzed
in Taiwan Province.

Investigated the impact of GSCD
installation on the speed distributions
for vehicles passing the stop line
during the amber time and calculated
the Dilemma Zone Distribution.

A questionnaire survey was conducted
on 390 drivers, and the driving
behavior of 250 rear vehicles under
the GSCD was observed.

A questionnaire survey was conducted
on 390 drivers, and observations were
conducted at two intersections with
and without RSCD to study driving
behavior and vehicle headway.

Collected driving behavior and speed
data at SCD intersections and used
descriptive statistics, analysis of
variance, contingency tables, and
other statistical methods to analyze
the impact of signal control on speed
and traffic.

Two similar intersections with and
without countdown signals were
selected as the research subjects, and
a one-way ANOVA was used to
evaluate whether countdown signals
have a significant impact on reducing
the occurrence of dilemma zones.

The influence of three typical signal
devices with various time-reminder
strategies, i.e., common signal device
(CSD), green signal flashing device
(GSFD), and GSCD, on drivers'
decision-making processes during the
period from the end of the green
phase to the onset of the red phase
was analyzed, and their safety
performance from the aspect of red-
light-running (RLR) violations was
evaluated.

Red-running violations were
significantly reduced at 1.5 months
after the installation of the GSCD,
but the effectiveness of such a
device dissipated over time and the
violation numbers returned to
almost pre-GSCD level.

GSCD partially provoked drivers to
accelerate through the intersection
at the end of the green signal,
which may cause severe
intersection accidents.

The countdown displays
significantly affected the decision of
the motor vehicle drivers, and the
red-running violations were
reduced without GSCD. By contrast,
the start-up delay was increased
without RSCD.

Although GSCD can reduce late-
stopping ratio, the dilemma zone is
increased by about 28m, and the
decision to cross will be more
inconsistent among the
approaching vehicles, creating a
potential risk of rear-end crashes.

GSCD encouraged motorists to pass
the stop-line during the amber time
with greater speed. Such
circumstances resulted in better
utilization of the amber time and
increased capacity for the
intersection approach.

A considerable number of drivers
chose to accelerate and rush over at
the end of GSCD, crossing the
intersection before the end of
GSCD, resulting in the occurrence of
speeding and rushing, leading to
the need to set longer green light
intervals.

Under the condition of RSCD, the
average loss time of vehicles
passing through the intersection
can be saved by about 1.5 s.

The GSCD significantly affected
excessive speed rates, and the RSCD
considerably influenced speed
dispersion.

The dilemma zones mostly occurred
at a distance of 30 to 75 m from the
stop line at the intersection. The
majority of drivers took
conservative measures such as
"parking" when facing the
hesitation zone at the intersection
while driving the vehicle.

Stop and go decisions under GSCD,
stop and go decisions under GSFD
and go decisions under CSD are all
significantly different from stop
decisions under CSD regarding their
effects on RLR violations of vehicles
in DZ. The odds of RLR violations for
these five conditions were
respectively, 11.815,4.144, 2.452,
1.214, and 3.439 times as large as
those for stop decisions under CSD.

The long-term performance of the
GSCD only encourages the layoff
of red violations but does not curb
them.

GSCD must be set cautiously.

Countdown signal lights must be
installed cautiously.

RSCD enhances intersection
efficiency. RSCD is clearly less
controversial and more beneficial
than GSCD.

The GSCD can moderate the
response of motorists toward
phase transition, effectively
prevent sudden speed change,
and significantly reduce the
number of red-light violations.

GSCD is not good for either traffic
safety or traffic efficiency. GSCD
must be used with due
consideration.

RSCD can reduce start-up lost
time, calm driver emotions, and
reduce fuel consumption.

Installing traffic violation
detection equipment while using
GSCD can effectively control
vehicle speed.

GSCD has a significant effect on
cutting down the range of
dilemma zones.

Although GSCD stimulates the
drivers in dilemma zones to
choose to cross the intersection
during amber, which produces a
higher RLR risk compared with
CSD and GSFD, the intersection
with GSCD is verified to own the
lowest RLR violations due to its
greatly positive effect in cutting
down the range of dilemma zones.

Page 202 0f 210

(to be continued)

Pan et al. Digital Transportation and Safety 2023, 2(3):200-210



Digital Transportation

Impact of countdown signals on traffic safety and Safety
Table 2. (continued)
Study Country Study methodology Content and/or results Conclusions
Ni & Li'"*! (2014) China Based on the field observation carried  On the one hand, GSCD caused GSCD can shorten indecision

Cao et al'®(2015) China

Yang etal.l'”]
(2015)

Devalla et al.l'®
(2015)

Biswas et al.l']
(2017)

Huang et al.l2"!
(2019)

Paul & Ghosh[?"
(2020)

Paul et al.l?
(2022)

Liu et al.?3! (2022)

China

India

India

China

The UK

India

China

out at 2 GSCD intersections and 2
NGSCD intersections (i.e., intersections
without GSCD devices) along an
arterial in Suzhou, the rear-end
probabilities at GSCD and NGSCD
intersections were calculated using
Monte Carlo simulation.

Selected two countdown signal
intersections and two non-countdown
signal intersections in Dalian city, and
used mathematical statistical methods
to compare and analyze the vehicle
speed characteristics, as well as the
number of yellow light running and
lane changing violations, of the two
types of intersections during normal
and peak hours.

The differences between the first
vehicle start up delay under situations
of with-without RSCD, turning left and
going straight vehicles were analyzed
respectively by nonparametric test.

Observations were conducted at
intersections in New Delhi with or
without signal control, and extracted
data was analyzed to assess the effect
of GSCT on RLV and variations of
vehicular speeds both in the presence
and absence of timers.

This study evaluated the influence of
SCTs on intersection efficiency and
safety by conducting "before and
after” study at three signalized
intersections located in New Delhi.

In summer (normal road surface) and
winter (road surface snow state), the
approach speed, stopping or passing
ratio, and maximum deceleration
braking area of the target vehicle were
collected and analyzed using video
recording methods.

Evaluate the effectiveness of the green
signal countdown timer (GSCT) for RLV
and the resulting right angle and right
turn related crashes (for left hand
driving) using post encroachment
time (PET).

Collected collision data and on-site
traffic data, and used the PTV VISSIM
micro simulation tool to simulate
intersections with and without GSCT
signal control to conduct conflict
analysis for various situations.

Collected traffic flow characteristics
data for two types of intersections
with and without green countdown
signals, mainly including location
speed, vehicle start time, and headway
data. Based on behavioral decision-
making theory, a logistic model was
constructed to evaluate the impact of
green countdown signals on driver
driving decisions.

significantly negative safety effects
during the flashing green interval,
especially for vehicles in a zone
ranging from 15 to 70 m; on the
other hand, GSCD was helpful in
reducing rear-end accidents during
the yellow interval, especially in a
zone from 0 to 50 m.

The countdown signal has a smaller
impact on vehicle behavior of
running yellow lights, while the
countdown signal has a significant
impact on illegal lane changing
behavior.

There was significant difference for
the first vehicle start-up delay
between countdown and non-
countdown sigsnalized intersections
(p=1.83%x107).

GSCD is found to be linked with
fewer red-light violations (RLVs)
cycles, lower number of mean RLV
per RLV cycle, higher vehicular
speeds during the phase transition
at different locations upstream to
the stop line, a greater number of
speeding cars, and higher stop line
crossing speed during amber.

The presence of RSCT led to higher
RLVs during the last 10 s of red. It
was observed that the ranges of
both Type | and Type Il DZs for small
cars reduced in the presence of
GSCT.

Comparing the maximum
deceleration models of
intersections under three types of
signal configurations in winter and
summer, it can be found that the
countdown signal can enable
vehicles to slow down and brake
earlier when approaching the
intersection, stopping at a safe and
stable deceleration.

Using GSCT reduced cross-conflict
by 2.57%.

The GSCT was found to influence
driving behaviors at yellow onset,
shorten the length of both type-I
and type-ll DZ, and reduce the rate
and intensity of both RLVs and
sudden stopping behaviors.

The GSCD prompted the driver to
slow down. The probability of
vehicle acceleration behavior at
intersections with GSCD was lower
than that at intersections without
GSCD, and the probability of
parking behavior was higher than
that at intersections without GSCD.

zones and reduce rear-end
collisions near the stop line during
the yellow interval, but it easily
results in risky car following
behavior and much higher rear-
end collision probabilities at
indecision ones during both
flashing green and yellow
intervals.

GSCD can induce some drivers to
speed through intersections at the
end of green light time, and has a
significant influence on the
number of illegal changing lane
behaviors at off-peak hours.

Intersections with RSCD
significantly reduce the delay in
starting the first vehicle compared
to intersections without a RSCD.

GSCD encourages drivers to travel
at higher speeds, which could lead
to accidents.

GSCT has no impact on saturated
flow. Although RSCT can help
reduce startup lost time, it can
increase accident risk.

The countdown signal light helps
the vehicle decelerate smoothly,
especially on icy roads in winter,
enabling the driver to make a stop
decision earlier and reducing the
occurrence of sudden braking.

GSCT's installation can be
recommended as a cost-effective
engineering countermeasure to
reduce severe crash types at
signalized intersections.

The setting of GSCD is beneficial
for traffic safety.

The GSCD has a certain positive
effect on the safety and traffic
efficiency of intersection driving.

particularly for motorized vehicle countdown signals. In China,
the 'National Standard of Road Traffic Lights' (Ministry of Public
Security of the People's Republic of China, 2003) and 'National

Pan et al. Digital Transportation and Safety 2023, 2(3):200-210

Specification for Setting and Installation of Road Traffic Signals'
(Ministry of Public Security of the People's Republic of China,
2006) do not cite the methods of using and setting countdown
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Table 3. Studies on countdown signals.

Impact of countdown signals on traffic safety

Study Country Study methodology Content and/or results Conclusions

Kidwai et al.l?¥ Malaysia The effect of countdown timers on The incidents of red-light running Compared to no signal control,

(2005) red-light violations was studied. Four ~were about two times higher in countdown signals can reduce the
intersections with timers and three cases without countdown timers phenomenon of red-light
intersections without timers were than in cases with countdown violation.
considered, and red-light violation timers.
data were compared.

Ibrahim etal®!  Malaysia Six intersections (three with The digital timer had a significant Countdown signals are not as safe

(2008)

Limanond et al.?%! Thailand
(2009)

Limanond et al.?”? Thailand
(2010)

countdown timers and three
without) were analyzed to examine
the effect of countdown timers on
driving behaviors, intersection
approach headways, and safety
levels.

The influence of countdown timers
installed at a signalized intersection
on the queue discharge
characteristics of through movement
during the green phase in Bangkok
was studied. Standard statistical t-
tests were used to compare the
difference in traffic characteristics
between the "with timer" and
"without timer" cases.

The traffic analysis made a
comparison of traffic characteristics
during an off-peak time at a selected
intersection when the countdown
timer was in operation against when
it was switched off, and a public
opinion survey was conducted on
more than 300 regular local drivers.

The changes in queue-discharge
characteristics and red-light
violations were analyzed under
Indian traffic conditions with the
presence of a timer. A before-and-
after analysis was conducted using
the data collected from a selected
intersection in Chennai.

It introduced the current status of
traffic signal countdown equipment
in China and abroad, and
qualitatively analyzed the
advantages and disadvantages of
countdown signals.

The camera method was used to
observe the behavioral differences of
drivers at intersections with and
without countdown signals. The
logistic model was used to establish
a behavioral decision-making model
for drivers at countdown signal
intersections.

Based on the two aspects of vehicle
types and speed, a logistic model
was used to construct the model of
behavioral decision at countdown-
signalized intersections.

The survey collected 20 survey
questionnaires from drivers and
pedestrians to understand the
opinions of traffic participants on
countdown signal lights, and
observed driving behavior for 7
consecutive days before and after
the installation of countdown signal
lights in Beijing.

effect on discharge headway for all
the cars in queue. The rate of red-
light violation is more for count
down intersections than for non-
count down ones.

During the periods where the timer
was in use, the mean saturation
headway gradually increased from
1.88 s/vehicle during the off-peak
daytime, to 1.94 s during the night
period, and finally to 2.05 s during
the late-night period. Similarly, for
the condition without a timer, the
mean saturation headway
progressively increases from 1.85
s/vehicle during the off-peak
daytime to 2.05 and 2.09 s for the
nighttime and late-night time
periods, respectively.

The presence of the countdown
timers at the intersection would
help to reduce the start-up lost time
at the beginning of the green phase
by 22%, and reduce the number of
red-light violations during the
beginning of the red phase by 50%.

It was found that the propensity of
RLV decreased from 59% to 31% at
the start of red and increased from
12% to 75% at the end of red. Also,
the intensity of RLV for both the
start of red and the end of red
decreased from 3.32 to 2.30 vehicles
and 8.52 to 5.60 vehicles.

GSCD tended to trigger speeding,
and GSCD reduced delays and
improved roadway capacity.

The countdown signal showed that
the remaining 1 second is the
decision point for the driver's
acceleration or constant speed
behavior. At intersections without
countdown signals, the speed at a
distance of 20m from the parking
line should be controlled within the
range of 13—22 m/s.

The sensitivity of "signal light
display time" to uniform speed
behavior was the strongest. The
second was deceleration behavior.
The sensitivity of acceleration
behavior was relatively lower than
the first two.

The survey results showed that over
85% of drivers and pedestrians are
willing to choose signal control
methods with countdown display.
The Z,test showed whether there
is a significant decrease in yellow
light passing behavior after
countdown installation compared
to when not installed at a 95%
confidence level.

as no countdown signals.

Countdown timers significantly
affect the start-up lost time. For
each through movement lane at
the studied intersection, the
savings in start-up lost time were
estimated to equal an increase of
8 to 24 vehicles per hour.
However, the effects on saturation
headway were minimal.

Countdown timers can reduce the
start-up lost time and reduce the
number of red-light violations.
And the majority of the local
drivers were favorable towards the
countdown timers.

The time information provided at
the start of the green light (end of
the red light) enhances efficiency
and reduces start-up lost time, but
increases red-light violations.

It is recommended that a
countdown for red lights be used,
and that no countdown be used
for green and yellow lights.

Countdown displays significantly
affect the decision-making
behavior of motorists. And the
number of traffic conflicts
increases at intersections with
countdown displays.

Countdown signal display
remarkably influences the
decision-making behavior of
motorists.

Traffic volumes were considerably
similar before and after the
countdown signal was installed.
Meanwhile, the yellow-crossing
and red-light running incidents
significantly decreased after the
countdown signal was installed.

Sharmaetal.”®  India
(2012)
Wang?*! (2008) China
Mal*% (2008) China
Wu et al.B"1(2009) China
Zhang et al.F? China
(2009);
Zhang et al.?
(2010)
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Table 3. (continued)
Study Country Study methodology Content and/or results Conclusions
Gong4(2010) China The driving behaviors of motorists in ~ The red-light violation rate at Installing a countdown timer must
red-light running at six countdown- intersections with countdown was  be considered carefully.
signalized intersections were slightly higher than that at
explored and analyzed the rate of intersections without countdown.
this type of incident.
Li & WangP®*! China An analysis was conducted on the They analyzed some problems in These researchers don't
(2010) light color regulations in urban road ~ Chinese urban road traffic signal recommend the use of motorized
traffic signal control in China and the  control and stressed that motorized  vehicle countdown signals.
influencing factors of some vehicle countdown signals didn't
commonly used signals in both provide other benefits except
positive and negative aspects. psychological comfort to drivers.
Such signals even endangered
traffic safety.
Long et al.l*® China The researcher surveyed the signal Countdown timers can indeed Countdown timers may lead to
(2011) phase and traffic operation at four influence driver behaviors, in terms  entering intersections in the later
signalized intersections and collected of decisions to stop or cross the stages of yellow or even red, so
24-hour red light time, driver's intersection as well as the consider carefully before
position and actions after yellow distribution of vehicle entry times. ~ deploying countdown timers at
light appearance, red light violation ~ There was a strong correlation intersections.
driving, and other intersections with  between the presence of
and without countdown timers. countdown timers and an increase
Measured driver behavior through in red light violations.
driver decisions (parking or driving)
and vehicle entry using binary
logistic regression (BLR) and non-
parametric testing.
Long et al.l”! China Data were collected at three With the installation of the Countdown signals have an
(2011) intersections with and without countdown timer, the average adverse effect on the safety of
countdown signals, and binary vehicle crossing time has increased  intersections.
logistics regression was applied to from 1.52t02.92s.
establish the driver decision type
selection model after the yellow light
was on.
Long et al.l?® China The difference in driver's stop/go The probability of driver choosing Countdown timer can better assist
(2013) decisions at the countdown and non-  to stop at a countdown timer drivers in their decision-making
countdown timer installed equipped intersection was only process and thus may reduce
intersections were investigated with  0.282 times of that at a non- hazardous driving maneuvers
binary-logistical regression analysis. ~ countdown timer intersection when during the phase transition period.
the signal turned red.
Lietal.?(2014) China Drivers' perception-reaction time The drivers' PRT was decreased The countdown signal
(PRT) with and without a countdown  from 2.12 to 1.48 s with countdown significantly shortens the driver's
timer were comparatively analyzed signals. PRT.
based on the RGB color model and
the fuzzy c-means clustering was
utilized for PRT classification and
comparison.
Papaioannou & Greece A survey was conducted at an The percentage of the violations of ~ The CST devices (with green signal
Politis! ! (2014) intersection in the city of Komotini, the early start at the intersection countdown displays-GSCD-and
Greece, with or without a countdown  with SCD was observed to 24% red signal countdown displays-
signal timer (CST). A total of 60 h of whereas the respective percentage  RSCD), should be carefully used
observation time were recorded to for the intersection without SCD since they tend drivers to early
observe vehicles' movement was less than 1%. start behavior.
characteristics.
Sun et al.*!! China Data collection was conducted in The countdown timer decreased Countdown signal can reduce the
(2013) Guangzhou, collecting raw video the headway fluctuation of vehicles mean headway of vehicles and
data from 36 h of peak hours on in the queue, with the standard increase road capacity.
weekdays. Discovering the effects of  deviation reducing by 10% to 25%.
countdown timer on capacity and And the capacity of the through
headway. movement improved by about 5%
to 10% after the countdown timers
were installed.
Yuetal“?(2014) China The study collected relevant data In both straight and left turn SCD significantly increases the

from 9 signalized intersections and a
total of 13 entry lanes, using the
situation of vehicles passing through
parking lines and the number of
traffic conflicts during the red and
yellow light periods as alternative
safety evaluation indicators. The data
on the entry lanes of intersections
with and without signal countdown
devices were compared.

directions at the intersection, the
frequency of adventurous traffic
and the number of traffic conflicts
at the intersection entrance have
significantly increased due to the
influence of signal countdown
devices.

red-yellow running violation and
traffic conflicts at signalized
intersections for both through and
protected left turn movements.
SCD negatively affect the safety
performance of the signalized
intersections and should be used
more cautiously.
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Table 3. (continued)

Impact of countdown signals on traffic safety

Study Country Study methodology Content and/or results Conclusions
Zou*31(2016) China Based on video data, parameters The driver's reaction time at The countdown signal
such as driver's response time to intersections with countdown commutation reminder device can
start, headway, and vehicle retention signal lights has been reduced by improve the operational efficiency
rate in weaving areas during yellow  14.51%, and the time when vehicles of intersections, but may have a
light periods under different pass the parking line has been certain potential negative impact

commutation prompts were
extracted to analyze the
effectiveness of the countdown
signal.

Ma et al.®*(2017) China Based on the measured data, the
speed distribution characteristics of
each section of the signal-controlled
entrance road were analyzed, and a
cellular automata model considering
driving psychology under signal
countdown was proposed.

Chang & Korea Using a driving simulator, 20 traffic

Jung®®!(2017) lights with countdown indicators
were compared from the
perspectives of driver reaction time
and subjective satisfaction scores,
and their performance was
compared with standard traffic

lights.
Almutairi#®! The US Analyzed the impact of signal timers
(2018) on startup loss time (SLT), saturation

time interval (STH), and the location
and size of difficult areas, and
modeled the observed maximum
passing and minimum stopping
distances based on real ground data.

Huang et al.*”! China Six intersections in Shenyang were

(2019) selected to analyze the behavior of
vehicles under countdown signals in
summer (normal road surface) and
winter (road surface snow state).
Based on the processed data, a
distribution map and a start delay
model were established.

Zheng et al.*®] China Based on on-site shooting data of

(2020) typical signalized intersections in
Beijing, the impact of countdown
signals on pedestrian and non-
motorized vehicle gap acceptance
behavior was studied using methods
such as nonlinear fitting and
hypothesis testing.

advanced by 9.85% after reaching on intersection traffic safety.
the saturation headway. During the

yellow light period, the vehicle

retention rate in the weaving area

has increased by 38.68%.

At an intersection with a Countdown signals are not
countdown signal 14m away from conducive to traffic safety and
the stop line, the driver acceleration may cause traffic hazards.
ratio was 19%.

The reaction time of the countdown Countdown signals can shorten
separation (43.0 s) and countdown  the driver's reaction time more

superposition (67.5 s) signals was than standard signals, helping to
significantly shorter than that of the reduce the length of dilemma
standard signal (3.5 s). The areas at intersections.

satisfaction score of the countdown
separation (6.3 points) and
countdown superposition (8.0
points) signals was higher than that
of the standard signal (06.0 points).

The quantified different effects from Countdown lights improve
the intersection with no timers or security by reducing SLT and
camera enforcement for the minimizing the size of difficult
saturation time headway were areas.

—0.02, 0.02, and —0.07 seconds for

timers, camera enforcement, and

both, respectively. The quantified

different effects from the

intersection with no timers or

camera enforcement for the startup

lost time were —1.65, —0.41, and

—0.88 for timers, camera

enforcement, and both,

respectively.

In summer and winter, the average ~ Countdown traffic signals can
maximum deceleration of shorten the start delay and
intersections with countdown improve traffic efficiency and
signals was approximately 1.0 m/s?>  safety at intersections.

lower than that of intersections

without countdown signals.

Under normal signals, the average Under the countdown signal, the

acceptance gap between acceptance gap value of

pedestrians and non-motorized pedestrians and non-motor

vehicles was 9.0 s, while under vehicles significantly decreases,

countdown signals, it was 7.3 s. and the probability of collision
increases.

Jatoth et al.[49 India Research was conducted at two The number of red-light violations The signal countdown timer is an
(2021) intersections in Hyderabad, India, to  (RLVs), start-up lost time, and effective device that can enhance
collect and analyze data such as average control delay are foundto  the traffic safety and operational
vehicle startup loss time and decrease in the presence of an performance of a signalized
capacity. active countdown timer. intersection.
signalst9%51), The main reason for this instance is an inadequate  Discussion

understanding of the mechanism of the effect of countdown
signals on driving physiology, psychology, and behaviors. In
the United States, the 'Manual on Uniform Traffic Control
Devices for Streets and Highways (MUTCD), 2009 Edition'
provides the basic guidelines (Federal Highway Administration,
2012) for adopting and installing countdown pedestrian
signalsi2. However, the MUTCD (2009) states that vehicular
countdown displays or other similar displays are not to be used
at signalized locations.
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This review identifies that the related literature on count-
down signals mainly emphasizes the driving behaviors of red-
light running and early starting-up or headway for traffic effi-
ciency. Red-light running behavior is determined to be closely
related to traffic safety.

In particular, the existing literature adopts two main research
methods. One method employs on-site observations or video
recorders to acquire data on running red lights or potentially
dangerous rear-end collision behavior at intersections with and
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without countdown signals. After data are obtained, the safety
situation of the intersection is analyzed. Based on the review,
the studies posited significantly different conclusions. For the
occurrence probability of red-light running, the conclusions are
inconsistent, as shown in Table 4.

In addition, by considering the potential risks of countdown
signal control, Wang & Yang!®); Qian & Han!'%; Gong3¥; Long et
al.B7; Qianl"]; Long et al.B%; Ni & Lil'%! suggested that count-
down signals must be used cautiously. By contrast, Li &
WangB9! refused to recommend the use of motorized vehicle
countdown signals.

The second research method used by the related studies is
that which adopts on-site observations or video recorders to
obtain data on intersection vehicle start-up lost time, start-up
delay, or approach headway to assess the effects of count-
down signals on traffic efficiency. For start-up lost time, delay,
headway, and so on, the conclusions are shown in Table 5.

As shown in Table 5, the majority of the researchers believe
that the countdown signals can improve traffic efficiency. The
unity of the cognition of traffic efficiency is obviously better
than the consensus on traffic safety.

Summarizing the existing research findings on countdown
signals, we observe two basic attitudes. The first is a supportive
attitude, which denotes that the countdown signal can
improve traffic safety and efficiency. The other is the negative
attitude, which indicates that countdown signals can increase
the occurrence of traffic accidents. The conclusions of the
extant literature reasonably vary because of a remarkable

Table4. The opinion of different studies on traffic safety.

Digital Transportation
and Safety

disparity between the intersection traffic environments in
different geographical areas and because driving behaviors
may vary significantly among countries. A related concern is
the insufficient research and lack of in-depth studies on driving
behaviors at countdown-signalized intersections, as well as the
limited diversity of such studies. Thus, determining the advan-
tages and disadvantages of countdown signals is difficult.

It is worth noting that, for traffic safety, at present no studies
have used the number of traffic collisions or collision rate to
explain the increase or decrease of collisions after the applica-
tion of the countdown signals on the road network. The cause
may be a lack of collision data. However, this is a potential
research field.

The application of motor vehicle countdown signals is
related to many aspects at different levels, such as driving
psychology, driving behavior, vehicles, traffic safety, and traffic
efficiency. Currently, every aspect needs to be fully studied.
Researchers in different countries must explore the effects of
countdown signals on motorists driving behaviors, intersection
safety, and traffic efficiency, which may be of concern to many
people. More studies must also be conducted in different
geographical locations to develop comprehensive standards
for countdown signals.

Proposal for further studies

Although some researchers have realized that the applica-
tion of countdown signals may generate different effects and

Studies

Kidwai et al.l>¥ (2005); Zhang et al.>? (2009);
Zhang et al.?3 (2010); Ma et al.”’ (2010);
Limanond et al.2”1 (2010);

Sharma et al.[281 (2012); Yuan et al.”1 (2009);
Yu et al.¥?! (2014)

Zheng et al.*®! (2020)

collision increases

The authors attested that red-running violations initially decrease
and then increase after a GSCD is installed.

The countdown signal commutation reminder device can improve
the operational efficiency of intersections, but may have a certain

Lum & Halim®! (2006)

Zou H*1 (2016); Ma et al.*4 (2017);
Biswas et al.l'1 (2017)

Opinion Impact on traffic safety
The researchers believed that red-running violations are reduced Positive
with countdown signals.
The researchers deemed that red-running violations increase with  Negative
countdown signals.
Researchers believed that under timing signals, the probability of ~ Negative

First positive,
then negative.
First positive,
then negative.

potential negative impact on intersection traffic safety.

Lin et al.l'! (2013); Huang et al.l'¥ (2014);
Chang & Jung®*®! (2017); Almutairi*®! (2018);
Paul et al.?Z (2022)

Paul & Ghosh?" (2020); Liu et al.l?*! (2022)

Zhu et al.l'? (2012); Devalla et al.l'® (2015)
lead to accidents.

GSCD have a positive effect on cutting down the range of Positive
dilemma zones.

Using GSCT can reduce cross conflict and traffic accident. Positive
GSCD encourage drivers to travel with higher speed which could Negative

Table 5. The opinion of different studies on traffic efficiency.

Studies Opinion Impact on traffic safety
Ibrahim et al.**! (2008) Countdown timers moderately affect initial delay but significantly  Positive
influence headway.
Limanond et al.?® (2009); Huang et al.*”! (2019) Countdown timers significantly affect the start-up lost time. Positive
However, the effects on saturation headway were minimal.
Chiou & Chang!® (2010); Qian!'" (2011); The researchers deemed that start-up lost time reduction and Positive
Li et al.?% (2014); Yang et al.'”} (2015); traffic efficiency improvement.
Xu et al.>3 (2016)
Ma et al.l”! (2010); Sun et al.*" (2013); The authors supposed that countdown timer could increase the Positive
Jatoth et al.*” (2021) traffic capacity.
Long et al.””! (2011) The authors determined that the median value of the time a Positive
vehicle crosses a stop bar with a countdown timer is significantly.
higher than that without a countdown timer.
Qian & Han!'% (2010) GSCD is not good for either traffic safety or traffic efficiency. Negative
Pan et al. Digital Transportation and Safety 2023, 2(3):200-210 Page 207 of 210
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some related studies have been carried out, there are still a lot
of studies in different aspects that need to be performed in the
future. What are the factors involved in the timing of signals
when applying the countdown signals? What are the require-
ments for the allocation of lanes to traffic movements? What
are the differences in the application of countdown signals
between the fixed-time signal road net and the traffic-respon-
sive road net? What is the impact of the countdown signals on
the application of the intelligent transportation system? And, as
mentioned in the discussion, the risk of collisions of various
types resulting from countdown signals needs to be analyzed,
and how do we to use collisions to evaluate the application of
the countdown signals? Many problems need to be studied
and solved in the future.

However, the authors of this paper are more concerned with
future microcosmic studies related to driving behavior. Existing
studies on the effects of countdown signals on driving behav-
ior and intersection safety are still at the macro level of shallow
qualitative analysis and description, and the number of micro-
cosmic studies remains insufficient. In particular, quantitative
analysis of specific micro-data combined with macro-data is
inadequate. Moreover, the source of information in existing
studies is single, such as only using macroscopic data on the
driving behavior of running a red light and not using microcos-
mic psychological data at this time, indicating a lack of multi-
source or multi-level information data.

Driving physiology and psychology are closely related to
driving behaviors, in other words, the driving behaviors are the
result of the interaction between the physiology and the
psychology. At present, driving physiological and psychologi-
cal changes at countdown-signalized intersections have not
been explored quantitatively. Therefore, more advanced tech-
nologies and devices must be adopted to thoroughly under-
stand driving behaviors so that data on driving physiology and
psychology at countdown-signalized intersections can be
obtained and driving behaviors with particular indicators can
be characterized. Accordingly, microcosmic performance is
combined with macro driving behaviors, in which the micro-
scopic in-depth effect of countdown signals on driving behav-
iors is analyzed, thereby achieving the further effect of count-
down signals on intersection safety.

Current scientific technologies provide support for micro-
scopic studies. For example, the MindWare System can
measure the electrocardiogram (ECG), electromyogram (EMG),
galvanic skin conductance (GSC), and other physiological
parameters of drivers. The instrument is displayed in Figs 2 & 3.

Driving behaviors at countdown-signalized intersections are
affected by many factors. The information obtained from a
single source cannot fully reflect the reality. A valid and
complete description of driving behavior characteristics can be
acquired by collecting multiple sources of information and
performing multivariate analysis. Different levels of informa-
tion must be applied to complement each other and reflect the
actual situation.

For countdown-signalized intersections, the following steps
or ideas for micro-level studies on drivers must be considered
in future research:

Step 1. A number of drivers, both male and female, with
different driving experiences, should be selected. In theory, a
large number of drivers can reflect the actual situation.
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Fig.2 Main hardware for measuring physiological parameters.

Fig.3 Main software for measuring physiological parameters.

Step 2. The equipment to test driver physiology, psychology,
and behavior on the experimental vehicle should be installed.

Step 3. A suitable road route with multiple intersections with
and without the countdown signal should be selected.

Step 4. In the pre-selected time, different motorists should be
instructed to drive the test vehicle in accordance with the
selected route. In this process, the instrument records the
microcosmic data, reflecting the driver's physiology, psychol-
ogy, and macroscopic behavior when the driver passes through
the intersections with and without the countdown signal.

Step 5. The data should be processed and analyzed.

Step 6. The consistency and differences in driver behavior
when passing through the intersections with and without
countdown signals should be determined.

Step 7. According to the results, proposals for countdown-
signalized intersection safety and efficiency and proper usage
of countdown signals should be offered.

The future research process is described in the block diagram
presented in Fig. 4.

Conclusions

This review analyzes and summarizes the related literature
on the effects of countdown signals on driving behaviors
related to traffic safety and efficiency. Accordingly, this review
identifies that the extant literature presents different conclu-
sions on traffic safety, especially about the behavior of red-light
running. Propositions on traffic efficiency are not completely
consistent. In particular, research conclusions are different,
which implies a possible distinction between the intersection
traffic environments in different geographical regions and the
potentially wide variation in driving behaviors in different
countries. Moreover, this review determines that the number of
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Select drivers including male| | Experimental vehicle with equipment
and female testing driver physiology, psychology,

and behavior
|

[
Select road route with multiple intersections
with and without the countdown signal
[
Data collection (such as ECG,
EMG, GSC, and so on)
[

Analysis of data (such as
ECG, EMG, GSC, and so on)
[

Findings and conclusions ‘
[
Offer proposals for countdown signalized
intersection safety and efficiency

Fig.4 Future research framework.

current studies on driving behaviors at countdown-signalized
intersections is insufficient, and the lack of diversity in research
causes difficulty in completely evaluating the benefits and
disadvantages of countdown signals.

This review gives a number of aspects of future studies and
suggests the use of new technologies and equipment to obtain
microcosmic driving psychological and physiological data on
motorist behavior when passing through countdown-signal-
ized intersections. The characteristics of driving behaviors must
be described with an appropriate index, and further microcos-
mic performance must be combined with macro driving behav-
iors to comprehensively analyze the effects of countdown
signals on driver behaviors. This review presents comprehen-
sive insights into the existing microscopic studies on driver
behaviors toward countdown-signalized intersections.

Author contributions

The authors confirm contribution to the paper as follows:
study conception and design: Pan F; literature collection and
summarization: Pan F, Yang JZ; analysis and interpretation of
results: Zhang L, Yang J; draft manuscript preparation: Ma C,
Zhang P.

Data availability

The datasets generated during and/or analyzed during the
current study are available from the corresponding author on
reasonable request.

Acknowledgments

The authors are grateful for the support provided by the
Shandong Provincial Natural Science Foundation of China
(ZR2020MG021 and ZR2022MF332) and the Humanities and
Social Science Planning Fund of Chinese Ministry of Education
(18YJAZH067).

Conflict of interest

The authors declare that they have no conflict of interest.
Fuguan Pan and Changxi Ma are the Editorial Board members
of Digital Transportation and Safety who were blinded from
reviewing or making decisions on the manuscript. The article

Pan et al. Digital Transportation and Safety 2023, 2(3):200-210

Digital Transportation
and Safety

was subject to the journal's standard procedures, with peer-
review handled independently of these Editorial Board
members and their research groups.

Dates

Received 5 June 2023; Accepted 3 September 2023;
Published online 28 September 2023

References

1. Zhou J, Zhang C, Chen Y, Du Z. 2022. Safety analysis and improve-
ment countermeasures of typical accident-prone highway inter-
sections. Transportation Science & Technology 1(1):119-25

2. Zhang W, Wang M, Qiang T. 2023. Spatial distribution of traffic
accident density at urban road intersection considering severity.
Journal of Jiangsu University (Natural Science Edition) 44(2):133—-41

3. Fujita M, Suzuki K, Yilmaz C. 2007. Behavior and consciousness
analyses on effect of traffic signals including countdown device.
The 7" International Conference of Eastern Asia Society for Trans-
portation Studies, Dalian, Liaoning, China, 2007. Tokyo, Japan: East-
ern Asia Society for Transportation Studies. pp. 301.
https://doi.org/10.11175/eastpro.2007.0.301.

4. Liu E. 2020. Study on the influence of signal light countdown on traf-
fic flow and driving behavior. Thesi. Dalian Jiaotong University,
China

5. Lum KM, Halim H. 2006. A before-and-after study on green signal
countdown device installation. Transportation Research Part F: Traf-
fic Psychology and Behaviour 9:29—-41

6. Wang Y, Yang X. 2006. Discussion on setting traffic signals with
counting down display unit at intersection based on traffic safety.
China Safety Science Journal 16:55—-59+70+147

7. Yuan L, Zhang Q, Lei Z. 2009. Impact of traffic signal countdown
displays on driver behaviors. Proc. 2" International Conference on
Transportation Engineering, Chengdu, China, 2009. USA: American
Society of Civil Engineers. pp. 4176-79. https://doi.org/10.1061/
41039(345)688

8. Chiou Y, Chang C. 2010. Driver responses to green and red vehicu-
lar signal countdown displays: safety and efficiency aspects. Acci-
dent Analysis & Prevention 42:1057—65

9. Ma W, Liu Y, Yang X. 2010. Investigating the impacts of green
signal countdown devices: empirical approach and case study in
China. Journal of Transportation Engineering 136:1049—-55

10. Qian H, Han H. 2010. Influence of countdown of green signal on
traffic safety at crossing. China Safety Science Journal 20:9-13

11. Qian H. 2011. Influence of red signal countdown on traffic safety &
efficiency. Journal of Transport Information and Safety 29:65-68

12. ZhuT, Guo C, Xie C, Wang Y. 2012. Effects of signal countdown on
vehicle speed and traffic. China Safety Science Journal 22:97—-102

13. Lin X, Huang H, Cheng L. 2013. Effect of countdown signals in
dilemma zone. Journal of Transport Information and Safety
31(1):147-50

14. Huang H, Wang D, Zheng L, Li X. 2014. Evaluating time-reminder
strategies before amber: Common signal, green flashing and
green countdown. Accident Analysis and Prevention 71:248—60

15. Ni Y, Li K. 2014. Estimating rear-end accident probabilities at
signalized intersections: a comparison study of intersections with
and without green signal countdown Devices. Traffic Injury Preven-
tion 15:583-90

16. Cao Y, Yang Z, Zuo Z. 2015. Influence of countdown signal of
green light on driving behavior. China Safety Science Journal
25(2):77-82

17. Yang J, Sun Z, Wang W, Yang D, Su W. 2015. Influence of red signal
countdown display on the first vehicle start up delay. Journal of
Wuhan University of Technology (Transportation Science & Engineer-
ing) 39(1):16-20

Page 209 0f 210


https://doi.org/10.3963/j.issn.1671-7570.2022.01.025
https://doi.org/10.3969/j.issn.1671-7775.2023.02.002
https://doi.org/10.11175/eastpro.2007.0.301.
https://doi.org/10.1016/j.trf.2005.08.007
https://doi.org/10.1016/j.trf.2005.08.007
https://doi.org/10.1016/j.trf.2005.08.007
https://doi.org/10.16265/j.cnki.issn1003-3033.2006.03.012
https://doi.org/10.1061/41039(345)688
https://doi.org/10.1061/41039(345)688
https://doi.org/10.1016/j.aap.2009.12.013
https://doi.org/10.1016/j.aap.2009.12.013
https://doi.org/10.1061/(ASCE)TE.1943-5436.0000181
https://doi.org/10.16265/j.cnki.issn1003-3033.2010.03.029
https://doi.org/10.3963/j.ISSN1674-4861.2011.03.016
https://doi.org/10.16265/j.cnki.issn1003-3033.2012.04.012
https://doi.org/10.3963/j.issn.1674-4861.2013.01.031
https://doi.org/10.1016/j.aap.2014.05.018
https://doi.org/10.1080/15389588.2013.845752
https://doi.org/10.1080/15389588.2013.845752
https://doi.org/10.1080/15389588.2013.845752
https://doi.org/10.16265/j.cnki.issn1003-3033.2015.02.013
https://doi.org/10.3963/j.issn.2095-3844.2015.01.005
https://doi.org/10.3963/j.issn.2095-3844.2015.01.005
https://doi.org/10.3963/j.issn.2095-3844.2015.01.005
https://doi.org/10.3963/j.issn.2095-3844.2015.01.005

Digital Transportation
and Safety

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Devalla J, Biswas S, Ghosh I. 2015. The effect of countdown timer
on the approach speed at signalised intersections. Procedia
Computer Science 52:920-25

Biswas S, Ghosh |, Chandra S. 2017. Influence of signal countdown
timer on efficiency and safety at signalized intersections. Cana-
dian Journal of Civil Engineering 44(4):308—18

Huang M, Zhang H, Xu Z. 2019. Research on drivers' response to
red light at countdown-signalized intersection. 19" COTA Interna-
tional Conference of Transportation Professionals, Nanjing, China,
July 6-8, 2019. USA: American Society of Civil Engineers. pp.
661-69. https://doi.org/10.1061/9780784482292.060

Paul M, Ghosh I. 2020. Influence of green signal countdown timer
on severe crash types at signalized intersections due to red light
violations. Transportation letters 12(8):528—39

Paul M, Ghosh I, Mazharul Haque M. 2022. The effects of green
signal countdown timer and retiming of signal intervals on
dilemma zone related crash risk at signalized intersections under
heterogeneous traffic conditions. Safety Science 154:105862

Liu Y, Ding J, Liu E. 2022. Influence of green light countdown
signal on driver behavior decision. Journal of Shandong Jiaotong
University 30(2):17-24

Kidwai FA, Ibrahim MR, Karim M. 2005. Traffic flow analysis of digi-
tal count down signalized urban intersection. Journal of Mathe-
matics and Technology 5:1301-8

Ibrahim MR, Karim MR, Kidwai FA. 2008. The effect of digital count-
down display on signalized junction performance. American Jour-
nal of Applied Sciences 5:479—-82

Limanond T, Chookerd S, Roubtonglang N. 2009. Effects of count-
down timers on queue discharge characteristics of through move-
ment at a signalized intersection. Transportation Research Part C:
Emerging Technologies 17:662—71

Limanond T, Prabjabok P, Tippayawong K. 2010. Exploring impacts
of countdown timers on traffic operations and driver behavior at a
signalized intersection in Bangkok. Transport Policy 17:420-27
Sharma A, Vanajakshi L, Girish V, Harshitha M S. 2012. Impact of
signal timing information on safety and efficiency of signalized
intersections. Journal of Transportation Engineering 138:467—78
Wang Y. 2008. Application status and thinking about traffic signal
countdown device at home and abroad. China New Technologies
and Products 12:73

Ma T. 2008. Study on the effect of countdown display unit on driving
behavior at signalized intersection. Thesis. Jilin University, Chang
Chun, China.

Wu W, Juan Z, Jia H. 2009. Drivers' behavioral decision-making at
signalized intersection with countdown display unit. Systems Engi-
neering - Theory & Practice 27:160—65

Zhang J, He Y, Sun X, Liu X. 2009. Effects of countdown signal at
urban intersection on driving behaviors. Journal of Transport infor-
mation and safety 27:99-101

Zhang J, He Y, Sun X. 2010. The effects of countdown signal on
driver behavior at intersection in a city. 10" International Confer-
ence of Chinese Transportation Professionals (ICCTP), Beijing, August
4-8, 2010. USA: American Society of Civil Engineers. pp. 262—-68.
https://doi.org/10.1061/41127(382)29

Gong X. 2010. Effect of countdown timer on traffic operation at
signalized intersection. Thesis. Changsha University of Science &
Technology, Wuhan, China.

Li K, Wang C. 2010. Issues of urban traffic signal control. Urban
Transport of China 8:1-6

Long K, Han L, Yang Q. 2011. Effects of countdown timers on driver
behavior after the yellow onset at Chinese intersections. Traffic
Injury Prevention 5:538—44

Page 2100f210

37.
38.

39.

40.

41.

42.
43,
44,

45.

46.

47.

48.
49.
50.
51.

52.

53.

Impact of countdown signals on traffic safety

Long K, He L, Gong X. 2011. Effects of countdown timers on driver
behavior after the yellow onset at intersections. Journal of Safety
and Environment 2:162—65

Long K, Liu Y, Han L. 2013. Impact of countdown timer on driving
maneuvers after the yellow onset at signalized intersections: An
empirical study in Changsha, China. Safety Science 54:8—16

Li Z, Zhang J, Rong J, Ma J, Guo Z. 2014. Measurement and
comparative analysis of driver's perception-reaction time to green
phase at the intersections with and without a countdown timer.
Transportation Research Part F: Traffic Psychology and Behaviour
22:50-62

Papaioannou P, Politis I. 2014. Preliminary impact analysis of
countdown signal timer installations at two intersections in
Greece. Procedia Engineering 84:634—47

Sun W, He Z, Xi X, Xu F. 2013. Exploring impacts of countdown
timers on queue discharge characteristics of through movement
at signalized intersections. Procedia - Social and Behavioral Sciences
96:255-64

Yu H, Liu P, Yang Z, Chen Y. 2014. Evaluating safety impact of
countdown signal timers at signalized intersections. Journal of
Transport Information and Safety 32(2):6—10

Zou H. 2016. Effect of countdown signal on traffic characteristics at
signalized intersection. Journal of Shandong Jiaotong University
24(2):8-11+25

Ma X, Li B, Xu C. 2017. Traffic flow on entrance lanes under the
influence of signal countdown. Journal of Transportation Systems
Engineering and Information Technology 17(5):36—44

Chang J, Jung K. 2017. Effects of traffic signals with a countdown
indicator: driver's reaction time and subjective satisfaction in driv-
ing simulation. Journal of the Ergonomics Society of Korea
36(5):459-66

Almutairi OE. 2018. Effect of traffic signal countdown timers and
speed and red-light cameras on operation and safety.Thesis. Univer-
sity of Cincinnati, USA.

Huang M, Zhang H, Xu Z, Li R. 2019. An analysis of differences of
stopping or passing decision under green countdown signal in
winter and summer. Journal of Transport Information and Safety
37(5):63-70

Zheng T, Yang X, Li H, Wang W. 2020. The impact of countdown
pedestrian signals on gap acceptance behavior. China Transporta-
tion Review 42(3):69-75

Jatoth J, Singh NK, Mehar A. 2021. Evaluating the performance of
signalized intersection with signal countdown timer. International
Journal of Intelligent Transportation Systems Research 19:182—90
Ministry of Public Security of the People's Republic of China. 2003.
Road traffic signals (GB14887-2003). Beijing: Standards Press of
China.

Ministry of Public Security of the People's Republic of China. 2006.
Specification for setting and installation of road traffic signals
(GB14886-2006). Beijing: Standards Press of China.

Federal Highway Administration (FHWA). 2012. Manual on uniform
traffic control devices for streets and highways, 2009 Edition (Includ-
ing revision 1 and 2). Department of Transportation, Washington
D.C.: US.

XuL, Wu S, Hu S. 2016. Effects on signal countdown on traffic flow
at intersection. Highway Engineering 41(1):64—69+84

Copyright: © 2023 by the author(s). Published by
Maximum Academic Press, Fayetteville, GA. This

article is an open access article distributed under Creative
Commons Attribution License (CC BY 4.0), visit https://creative-
commons.org/licenses/by/4.0/.

Pan et al. Digital Transportation and Safety 2023, 2(3):200-210


https://doi.org/10.1016/j.procs.2015.05.166
https://doi.org/10.1016/j.procs.2015.05.166
https://doi.org/10.1139/cjce-2016-0267
https://doi.org/10.1139/cjce-2016-0267
https://doi.org/10.1061/9780784482292.060
https://doi.org/10.1080/19427867.2019.1651571
https://doi.org/10.1016/j.ssci.2022.105862
https://doi.org/10.3969/j.issn.1672-0032.2022.02.003
https://doi.org/10.3969/j.issn.1672-0032.2022.02.003
https://doi.org/10.1016/j.trc.2009.05.005
https://doi.org/10.1016/j.trc.2009.05.005
https://doi.org/10.1016/j.tranpol.2010.04.009
https://doi.org/10.1061/(asce)te.1943-5436.0000343
https://doi.org/10.1016/S1874-8651(10)60059-2
https://doi.org/10.1016/S1874-8651(10)60059-2
https://doi.org/10.1016/S1874-8651(10)60059-2
https://doi.org/10.3963/j.ISSN1674-4861.2009.05.022
https://doi.org/10.3963/j.ISSN1674-4861.2009.05.022
https://doi.org/10.3963/j.ISSN1674-4861.2009.05.022
https://doi.org/10.1061/41127(382)29
https://doi.org/10.13813/j.cn11-5141/u.2010.03.006
https://doi.org/10.13813/j.cn11-5141/u.2010.03.006
https://doi.org/10.1080/15389588.2011.593010
https://doi.org/10.1080/15389588.2011.593010
https://doi.org/10.3969/j.issn.1009-6094.2011.02.037
https://doi.org/10.3969/j.issn.1009-6094.2011.02.037
https://doi.org/10.1016/j.ssci.2012.10.007
https://doi.org/10.1016/j.trf.2013.10.012
https://doi.org/10.1016/j.proeng.2014.10.481
https://doi.org/10.1016/j.sbspro.2013.08.032
https://doi.org/10.3963/j.issn.1674-4861.2014.02.002
https://doi.org/10.3963/j.issn.1674-4861.2014.02.002
https://doi.org/10.3969/j.issn.1672-0032.2016.02.002
https://doi.org/10.16097/j.cnki.1009-6744.2017.05.006
https://doi.org/10.16097/j.cnki.1009-6744.2017.05.006
https://doi.org/10.3963/j.issn.1674-4861.2019.05.009
https://doi.org/10.1007/s13177-020-00233-2
https://doi.org/10.1007/s13177-020-00233-2
https://doi.org/10.3969/j.issn.1674-0610.2016.01.014
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Introduction
	Literature review
	Method
	Characteristics of included literature and preliminary findings
	Studies on green and red countdown signals
	Other studies on countdown signals

	Discussion
	Proposal for further studies
	Conclusions
	Author contributions
	Data availability
	References

