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Abstract

Cellphone usage has a significant impact on signalized intersections' capacity and level of service. This study investigated the impact
of cellphone usage on signalized intersection capacity and level of service in Dammam Metropolitan Area, Saudi Arabia. The data
included 183 useful cycles and 2407 start-up lost time and average saturation headway values at cycles with cellphone usage and
cycles without cellphone usage at 24 signalized intersections. The main hypothesis of the study is that cellphone usage increases the
start-up lost time at signalized intersection capacity. The secondary hypothesis is that cellphone usage increases the average saturation
headway at signalized intersections. Normal distribution and z-test were conducted to assess whether there is a significant increase
in average saturation headway and start-up lost time. The study found a significant increase in start-up lost time of about 0.7 seconds
but found no significant increase in average saturation headway due to cellphone usage. Also, start-up lost time increases as vehicles
of cellphone users get closer to the stop line of the signalized intersections. Thus, cellphone usage decreases the progression of
13 vehicles per hour due to a reduction in effective green time, increases total delay, and deteriorates the level of service. The study

can assist transportation and traffic officials to optimize signal operation to mitigate the impact of cellphone usage and improve urban

transportation.
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1 Introduction

Globally, cellular phones have been considered as a major
source of driver distractions since their early days. These
distractions include increased response time to roadway
hazards (Alm and Nilsson, 1995), speeding on famil-
iar uninterrupted flow facilities like freeways and arte-
rials (Wu and Xu, 2018), most risky secondary activity
while driving (Prat et al., 2017), reduced reaction time to
signal change (Hurwitz et al., 2013), and reduced driv-
ing performance (Thapa et al., 2015). With the presence
of smartphones, the problem has even become worse for
two reasons. Firstly, the use of smartphones goes beyond
making phone calls or simple text messages to communi-
cating through social media, live video broadcast, inter-
net browsing, road navigation, and audiovisual entertain-
ment. Secondly, most of the current smartphones rely on
touch screen technology as the primary input medium,
which requires users to gaze at the phone screen to

confirm their input choices (Oviedo-Trespalacios et al.,
2019). Thus, the magnitude of distraction due to the
smartphone usage is increasing drastically and is leading
to more roadway accidents in many countries around the
globe (NHTSA, 2010; Yuanyuan et al., 2017). For exam-
ple, it is noteworthy to mention that a vehicle traveling
at 120 kilometers per hour sways for 2 meters during
a one second period of the driver's visual distraction
(Smith et al., 2010). In France, a study found that 9%
of all drivers are using their cellphones while driving
(Yuanyuan et al., 2017), and 70% of all young drivers are
using their cellphones for texting and calling while driv-
ing (Strayer et al., 2006). About 10% of all injury crashes
in France are caused by drivers using their cellphone
while driving (Yuanyuan et al., 2017), and 10% of all fatal
crashes in the United States have involved cellphone dis-
traction while driving (NHTSA, 2010).
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Within the past years, the problem of distracted driv-
ing has been investigated from different aspects of trans-
portation and traffic engineering, globally. In the available
literature, studies investigated the impact of using a cell-
phone while driving on driving performance (Alm and
Nilsson, 1995; Liu et al., 2012; Strayer and Drews, 2003;
Strayer et al., 2006; Saifuzzaman et al., 2015; Zhang and
Prevedouros, 2011), traffic safety (Khandakar et al., 2019;
Xiao and Shi, 2016), and traffic operation and capac-
ity (Brumfield and Pulugurtha, 2011; Hurwitz et al., 2013;
Huth et al., 2015). Some studies have shown that the signif-
icant increase in response time to roadway hazards due to
phone usage and texting have a significant impact on traf-
fic safety (Khandakar et al., 2019; Xiao and Shi, 2016).
However, the impacts of distracted driving are not limited
to road and passenger safety but they also apply to trans-
portation infrastructure capacity. The literature indicates
that studies on the impact of phone usage on the capacity of
traffic facilities are rare (Brumfield and Pulugurtha, 2011;
Hurwitz et al., 2013; Huth et al., 2015). In congested intersec-
tions, there may not occur a hazardous accident due to phone
usage, unlike delay, loss in capacity, and deterioration on
level of service (LOS), which is expected to be significant.

A few studies investigated the impact of using cell-
phones while driving on traffic capacity conducted in
Oregon, Kansas, Utah, North Carolina, and in Leon,
France, where signalized intersections are operating two
approaches during effective green and the cycle length
is 180 seconds at maximum (Brumfield and Pulugurtha,
2011; Hurwitz et al., 2013; Huth et al., 2015). These stud-
ies used a small sample size and have not investigated the
impact of using a cellphone while driving on operation and
capacity of the signalized intersection with one green time
operating at one approach leg of four approach legs of the
signalized intersections with a 240 second cycle length,
and did not include similar environmental and prevail-
ing conditions in other countries. This study investigates
the impact of cellphone usage on signalized intersection
capacity and LOS in Saudi Arabia, where signalized inter-
sections are operating one green time at one leg approach
during effective green, and cycles are up to 240 seconds.
This major difference in effective green operation and
cycle length could lead to a higher significant statistical
impact on signalized intersection capacity, delay, and LOS.
The study assists transportation and traffic officials in opti-
mizing signal operation to mitigate the impact and provide
solutions. Also, the study provides a foundation to adjust
signal capacity and LOS with a reduction factor associated
with many cellphone users during a different time of day.

2 Literature review

Cell phone usage is one of the visual, cognitive, and man-
ual distractions to driver response and reaction time to sig-
nal changes that are highly anticipated to increase Start-up
Lost Time (SLT), and Average Saturation Headway (ASH)
causing a reduction in signalized intersection capacity and
LOS. The American Highway Capacity Manual (HCM),
(Transportation Research Board, 2010), defined SLT as
the additional time over ASH required by the first five
drivers including response and reaction time plus vehi-
cle re-acceleration time after the signal changes to green
(Transportation Research Board, 2010). The manual also
defines ASH as the average time between successive vehi-
cles on a single lane to enter and exit the intersection after
the fourth or fifth vehicle in the queue during the green
time, when green time is available for an hour. It is antic-
ipated that the time used by drivers on a cellphone while
driving increases their reaction time to signal change to the
green from the first to the rest of the vehicles in the queue
at the signalized intersection. This will cause a reduction
in signalized intersection capacity and deteriorate LOS
caused by the increased reaction time of motorists, which
will increase SLT and ASH. Signalized intersection capac-
ity is the maximum number of vehicles per lane that enter
and exit the intersection during green for an hour under
normal and regular environmental and prevailing condi-
tions, and is measured as ASH (Transportation Research
Board, 2010). LOS defined by six letters ranging from A to
F represent different categories of signalized intersection
quality of operation measured by the total average delay
per vehcile at signalized intersections, which is measured
as SLT (Transportation Research Board, 2010).

Globally, most studies on the impact of using cell phone
while driving focused on classification and characteris-
tics of motorists that use cell phones (Amith et al., 2019;
Hayashi et al., 2015; Pouyakian et al., 2013; Strayer et al.,
2006; Yannis et al., 2010), assessment of perception reac-
tion time in congestion (Stavrinos et al., 2013; Xiao and
Shi, 2016; Xiong et al., 2015), factors effecting percep-
tion reaction time (National Safety Council, 2012; Xiao
and Shi, 2016; Zhang and Prevedouros, 2011), comparsion
of perception reaction time between texting and calling
(Libby et al., 2013; Muhrer and Vollrath, 2011), flow rate
and velocity at uninterrupted flow facilities like highways
and freeways (Xiao and Shi, 2015), impacts on other driv-
ers (Saifuzzaman et al., 2015; Samareh et al., 2015), policies
and strategies to mitigate cell phone use (Long et al., 2013;
Oviedo-Trespalacios et al., 2016). For example, in Hawaii,
Zhang and Prevedouros (2011) used a driving simulator



to collect data about perception reaction time of multiple
motorists when using cell phones, and another group of
motorists that drive under the influence of alcohol at 0.08%
weight/volume. The study has found that cellphone use
while driving had a slower reaction time than drunk driv-
ing by about 0.5 seconds. In the USA, a study investigated
why driving while using hands-free cell phones is a risky
behavior (National Safety Council, 2012). The study found
that 9% of all participants were using their cellphone while
driving, which increased driving perception reaction time
by about 1.25 seconds. In Alabama, USA, Stavrinos et al.
(2013) investigated the impact of distracted driving on traf-
fic congestion using a sample of 75 motorists. The study
found that using a cellphone while driving had a signifi-
cant negative impact on traffic flow and speed where drivers
significantly (p = 0.02) had lower lane changing frequency
behavior by about one lane change. In the USA, Libby et al.
(2013) investigated the difference of impact between tex-
ting and calling while driving on simulated driving perfor-
mance. The study found that drivers in texting conditions
had a significantly greater reaction time when lane chang-
ing was required compared to drivers in calling conditions.
A study in Germany used 28 participants to investigate the
effect of visual and cognitive distraction on driver's antic-
ipation in a simulated car following behavior (Muhrer and
Vollrath, 2011). The study found that visual distraction had
a significantly higher reaction time to rear-end collisions
by about 0.5 seconds than cognitive distractions. These
reviewed studies emphasized the importance of inves-
tigating the impact of using a cellphone while driving.
However, none of these studies have included the impact
of using a cellphone on ASH at certain specific conditions.
These studies have also focused on the impact of using
a cellphone on the motorist's reaction time and neglected
the impact of slower reaction time on the re-acceleration
of vehicles. Investigating the impact of motorist's percep-
tion reaction time with vehicle re-acceleration time is sig-
nificant where it is anticipated to be reflected on signalized
intersection capacity.

However, a few studies have focused on the implications
of cell phone usage on signalized intersections capacity
and LOS (Brumfield and Pulugurtha, 2011; Hurwitz et al.,
2013; Huth et al., 2015). For instant, in Oregon, Kansas,
and Utah, in the USA, a study used the methodology in
HCM (Transportation Research Board, 2010), to collect
field data from 11 approaches at six signalized intersec-
tions with a sample of 3726 observations (Hurwitz et al.,
2013). The study found that distracted drivers significantly
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increased SLT by about 1.06 seconds. In Charlotte, USA,
Brumfield and Pulugurtha (2011) collected data about
SLT and ASH at four signalized intersections with a sam-
ple of 3741 observations of cell phone users while driv-
ing using HCM (Transportation Research Board, 2010).
The authors found that texting significantly increased SLT
and ASH by about 1% and 2% at all locations. In Leon,
France, a study collected field data at one site with a sam-
ple of 124 observations by direct traffic observation tech-
niques and analyzed the data using Chi-square tests to
compare the impact of cognitive distraction to visual man-
ual distractions (Huth et al., 2015). The study found that
total signalized intersections delay as a component of SLT
has significantly increased due to cellphone use by about
0.92 seconds. These studies have found that using a cell-
phone while driving has increased SLT and ASH at signal-
ized intersections by about one second on average.
However, these studies by Huth et al. (2015),
Hurwitz et al. (2013), and Brumfield and Pulugurtha
(2011) have some methodological limitations in terms of
sample size, and the vehicle positions in the queue at inter-
sections. First, all three studies have been conducted at
one to eight locations, even though it is preferred to use
several locations for better generalization of study results.
Second, the studies did not distinguish the impact of cell-
phone use between the first to the fourth vehicle in the
queue, and from the fourth to the rest of vehicles in the
queue. According to the USA HCM (Transportation
Research Board, 2010), it is preferred to extract SLT data
from the first to the fourth vehicle in the queue and ASH
from the fourth vehicle to the rest of the queue. Another
knowledge gap in these studies is that they have investi-
gated the impact of some specific environmental and pre-
vailing traffic conditions that are different from other set-
tings. For example, the studies have collected data on SLT
and ASH at locations with a 180 second cycle length and
two green time operations on two interfacing approaches.
As such, it is interesting to investigate the impact of dis-
tracted driving on SLT and ASH at signalized intersec-
tions with 240 second cycles and one green time signal
operation in one direction. Also, some environmental and
prevailing conditions including weather conditions, land
use pattern, and the number of buses, bicycles, and pedes-
trians on streets are different in other places. To fill this
knowledge gap, the present study investigates the impact
of cellphone using while driving at 24 signalized intersec-
tions with one green time operation at one direction, and
240 second cycle length on SLT and ASH, in the case of
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the first to the fourth vehicles in the queue and the fourth
to the rest of the vehicles in the queue. The next section
describes the methodology utilized in the study.

3 Methodology

3.1 Study area

This study was conducted in the Dammam Metropolitan
Area (DMA), the capital of The Eastern Province of The
Kingdom of Saudi Arabia (KSA). DMA contains three
major cities of Dammam, Khobar, and Dhahran, with a
total population of 1.66 million people, which has been
increasing at a rate of 2.8% annually (AlQahtany and
Abubakar, 2020). The metropolis, covering an area of
204896.6 square meters, is the third-largest metropolis
in KSA (UN-Habitat and MOMRA, 2019a; 2019b). 1t is
located 236 miles away from Riyadh, the capital city
of KSA along the Arabian Gulf (Mu'azu et al., 2020).
The first oil field in the country was discovered in 1938
in DMA, which serves as the oil capital of the country
and has one of the major seaports in KSA importing and
exporting oil and goods. The elevation of DMA is about
30 meters above the sea level, which does not vary among
the three cities. Fig. 1 shows the location of the three cities
where field data have been collected in DMA.

The roadway network length in DMA covered
312.5 miles in 2007, where 12.13% were freeways,
72.96% were arterials, and 14.91% were major roadways
(UN-Habitat and MOMRA, 2019a; 2019b). The roadway
network has two directions on each road and a minimum of
two lanes in each direction. The arterial roads are connect-
ing with major collector roads in DMA through 108 sig-
nalized intersections. Trips are generated and attracted
from and to the major activity centers in DMA, including
two industrial cities, two CBDs, two major governmental
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Fig. 1 Location of data collection at major cities in DMA

universities, oil production and servicing companies,
shopping malls, airports, seaports, and residential areas.
All these trips pass through these signalized intersections
where motorists are observed using their cellphones while
waiting for green time. Thus, it is significant to investigate
the impact of cellphone usage at signalized intersections
on capacity and LOS.

3.2 Methods
To determine whether cellphone use at signalized inter-
sections can increase SLT and ASH in DMA, data were
collected from mid-through lanes at 24 signalized inter-
sections by two observers for 7-10 signal cycles at each
intersection during one evening hour (5-6 PM) from
September to October 2019. Evening hours were selected
because they are observed to be rush hours when people
are returning from work and the percentage of phone use
is usually high. The locations have been chosen based
on the presence of adequate queue length of 10 and more
vehicles in the queue and they have the following similar
characteristics:
* locations with 10 and more vehicles in the queue
during red light at the signalized intersection
* no exclusive turn bays or lanes
* headway has been collected during unsaturated con-
ditions but in evening peak hours
 lane width is between 3.4 to 3.6 meters (11 to 13 feet)
* no grade
* no Parking at the signalized intersection at all cycles
during data collection
» nobuseswithin 250 feetat the signalized intersections
* no bicycles
* no countdown signals.

The data were collected following the procedures stip-
ulated in the USA HCM (Transportation Research Board,
2010) shown in Fig. 2 (Koonce et al., 2008), illustrating the
procedure for extracting SLT and ASH values at signal-
ized intersections. At each intersection, the first observer
recorded the type of driver distractions: calling or/and tex-
ting; or no distraction and the vehicle position in the queue
on a paper. The second observer registered vehicles dis-
charge time when rear tires crossed the stop line to enter
the intersection during the green time using mobile stop-
watch. The data for driver distraction were classified into
three categories based on vehicle positions in the queue.
The first category is from the first to the fourth vehicle,
the second category is from the fourth to the 10" vehicle,
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Fig. 2 The location of Start-up Lost Time as a major component of
signalized intersection delay, (source: Koonce et al., 2008)

and the third category is from the first to the 10" vehi-
cle (Transportation Research Board, 2010). The third cat-
egory indicates that more than one driver is distracted in
both the first and the second vehicle categories. The data
of SLT and ASH for each cycle have been extracted from
the data of vehicle discharge time data in useful cycles.
For data analysis, descriptive statistics have been con-
ducted to test data distribution normality and z-test have
been used to compare SLT and ASH of cycles with driver
distraction to cycles without driver distraction based on
vehicle positions. To test data normality distribution, SLT
and ASH data have been sorted from the smallest to the
largest value. The probability distribution function of SLT
has been calculated in adjacent to each value and the prob-
ability distribution curve has been generated to test the
normal distribution applicability of SLT and ASH. A com-
parison z-test has been conducted to explore whether
statistically significant differences exist between SLT at
cycles without cell phone usage and cycles with cell phone
usage. All vehicle positions of cell phone usage have been
included individually in the test for cycles with cell phone
usage according to the previous classification. As men-
tioned earlier in this study, cycles with cell phone usage
have been classified according to vehicle position to:
1. Cycles with cell phone usage from the 1% vehicle in
the queue to the 4" vehicle in the queue.
2. Cycles with cell phone usage from the 4™ vehicle in
the queue to the 10" vehicle in the queue.
3. Cycles with cell phone usage at both locations from
the 1* to the 4" and from the 4™ to the 10" vehicle.

The primary hypothesis is that cycles with driver dis-
traction (texting and calling) have higher SLT than cycles
without driver distraction (no cellphone). The secondary
hypothesis is that cycles with driver distraction (texting
and calling) have higher ASH than cycles without driver
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distraction (no cellphone). Equations (1) and (2) illustrate
the two hypotheses:

SLT, <SLT,, M
ASH, < ASH,, )
where:

 SLT, = Start-up Lost Time without driver distraction,

+ SLT, = Start-up Lost Time with driver distraction,

* ASH, = Average Saturation Headway without driver
distraction,

* ASH, = Average Saturation Headway with driver
distraction.

4 Study findings

This section presents the findings of the impact of cell-
phone usage at 24 signalized intersections on SLT and ASH
in DMA. Data were collected during 202 cycles and regis-
trations of 2407 driver distractions and vehicle discharge
time data have been entered in 24 Excel spreadsheets for
each signalized intersection. The driver distractions of
texting/calling, or no distractions are entered against the
vehicle discharge time. The data have been reduced to
useful cycles based on the presence of 10 or more vehi-
cles in the queue on the mid-through lane at the location.
Accordingly, only data from 189 cycles were found use-
ful because 31 cycles were without distractions and were
classified as "no cellphone". Table 1 shows the number of
useful cycles, average SLT, and ASH for each cycle with
cellphones and without cellphones at all locations based
on vehicle positions. The SLT has increased by 0.66 sec-
onds, 0.05 seconds, and 0.74 seconds when a motorist used
their cellphone within at least one of the first four vehicles
in the queue, in at least one of the fourth to the 10th vehi-
cles in the queue, and at both vehicle positions, respec-
tively. The impact of a cellphone on SLT increased as the
vehicle position of cellphone user got closer to the inter-
section stop line. The ASH has increased by 0.07 seconds,
0.09 seconds, and 0.11 seconds when a motorist used his
cellphone within at least one of the first four vehicles in the
queue, in at least one of the fourth to the 10th vehicles in
the queue, and at both vehicle positions respectively. This
study found an average increase of 0.7 seconds in SLT at
the locations and cycles where the drivers have been dis-
tracted both in the first to fourth vehicles and in the fourth
to 10" vehicles in the queue. The study also found that
there is an average trivial increase of 0.09 seconds on ASH
when there is a cellphone user at all vehicle positions.
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Table 1 Data characteristics of useful cycles based on vehicle position

Cycles with driver

Cycles with driver Cycles with more than one driver

\C/arcllaets)le Cyclesi:g;ll(ili.l;iirlver distraction at the 1*-4" distraction at 4—10 distracted at both positions, the
4 vehicle in the queue vehicle in the queue 110" vehicle in the queue*
Number of useful cycles 31 48 38 72
SLT 2.38 3.04 243 3.12
(seconds)
ASH
2.1 2.2 2.2 2.2
(Seconds) 6 3 3 7

* The category of both indicates that there is more than one cell phone user at both positions of a vehicle in the queue, some are in the 194" vehicle in

the queue, and others are in the 4"—10" vehicle in the queue.

In the next section, further analysis was conducted to
test whether the data on SLT and ASH is normally distrib-
uted. After that, a comparison z-test has been conducted to
identify if there is any significant change in SLT and ASH.
Although data with a sample greater than 30 can be assumed
to be normally distributed, in this study, a test of normal dis-
tribution has been conducted nonetheless (Thompson, 2012).

4.1 Findings from the normal distribution test

Figs. 3 and 4 show the bell-shaped probability distribu-
tion function of SLT for cycles with cell phone usage and
without cell phone usage. It was found that the probabil-
ity distribution function of SLT and ASH are normally
distributed at all cycles classifications. According to
Thompson (2012), it can be assumed that the SLT and the
ASH are normally distributed because the sample size is
more than 30. Fig. 3 shows that the mean of SLT for signal
cycles without a cellphone is 2.38 seconds. Fig. 4 shows the
mean for signal cycles with a cellphone is 3.04. The usage
of cellphones at the 24 signalized intersections caused an
average increase of 0.66 seconds. However, a statistically
significant impact of a cellphone on SLT and ASH has to
be tested by conducting a z-test in the next section.

SLT during cycles without cellphone
45
40
35
30
25
20
15

10

Fig. 3 SLT data distribution at cycles without cellphone usage

4.2 Findings from the z-test
This study finds that there is a significant change in SLT
between cycles without a cellphone to cycles with a cell-
phone. Using cellphones at the 24 signalized intersections
significantly increased SLT by an average of 0.7 seconds.
However, there was no significant change in ASH between
cycles without cellphones and cycles with a cellphone.
Table 2 shows the results of the comparison analysis of
SLT and ASH using z-test. The probability value of the
one-tail z-test of SLT is 0.01, thus the increase in SLT of
0.66 seconds is statistically significant. While, the prob-
ability value of the one-tail z-test of ASH is 0.31, thus
the increase in ASH of 0.07 is not statistically signifi-
cant. According to HCM (Transportation Research Board,
2010), the row data values of SLT have been extracted
from the passing time of the first to the fourth vehicles.
While the row data ASH have been extracted from the
fourth to the tenth vehicles in the queue. This suggests
that the impact of a cellphone is located within the first
few vehicles in the queue at the intersections. The time
dedicated to using cellphones by motorists in the first few
vehicles in the queue significantly reduced their reaction
time to signal change to green.

SLT during cycles with cellphone
250
200
150
100

50

-50

Fig. 4 SLT data distribution at cycles with cellphone usage



Table 2 z-test of SLT for cycles without cellphone usage and cycles with
cellphone usage at 194" vehicle
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Table 4 The z-test of SLT for cycles without cellphone usage and cycles

with cellphone usage at 110" vehicle

SLT, SLT ASH, ASH SLT, SLT,, ASH, ASH |
Mean 2.38 3.04 2.16 2.23 Mean 2.38 3.12 2.16 2.27
Known Variance 1.47 1.96 0.37 0.42 Known Variance 1.47 2.07 0.37 0.51
Observations 31 48 31 48 Observations 31 72 31 72
Hypothesized Mean 0 0 Hypothesized Mean 0 0
Difference Difference
z —2.3383 —0.4911 z —2.6672 —0.8107
P(Z<=z) one-tail 0.0097 0.3117 P(Z<=z) one-tail 0.0038 0.2088
z Critical one-tail 1.6449 1.6449 z Critical one-tail 1.6449 1.6449
P(Z<=z) two-tail 0.0194 0.6233 P(Z<=z) two-tail 0.0076 0.4175
z Critical two-tail 1.96 1.96 z Critical two-tail 1.96 1.96

Table 3 shows the results of the z-test in SLT and ASH
for signal cycles without cellphone usage and cycles with
cellphone user in at least one of the fourth to the tenth vehi-
cles in the queue. The probability values of one-tail z-test
for both SLT and ASH are more than 0.05, thus the increase
in SLT and ASH in the case of at least one cellphone user
at this position is not statistically significant. This result
emphasizes on the location of the impact of cellphone usage
within the first few vehicles in the queue at the 24 signal-
ized intersections. Cellphone usage by motorists in subse-
quent vehicles passing the intersection stop-line does not
significantly influence the value of SLT or ASH.

Table 4 shows the comparison z-test of SLT and ASH
for cycles without cellphone usage and cycles with cell-
phone users in at least one of the first to fourth vehicles in
the queue, and cellphone user in at least one of the 4" to
10" vehicles in the queue at the intersections. The prob-
ability value of the one-tail z-test of SLT is 0.004, thus
the increase in SLT of 0.74 seconds is statistically signifi-
cant. Whereas, the probability value of the one-tail z-test
of ASH is 0.21, thus the increase in ASH of 0.11 is not

Table 3 The z-test of SLT for cycles without cellphone usage and cycles
with cell phone usage at 4"—10™ vehicle

SLT, SLT ASH, ASH |
Mean 2.38 2.43 2.16 2.25
Known Variance 1.47 1.87 0.37 0.44
Observations 31 38 31 38
Hypothesized Mean 0 0
Difference
z -0.1575 —0.5663
P(Z<=z) one-tail 0.4374 0.2856
z Critical one-tail 1.6449 1.6449
P(Z<=z) two-tail 0.8749 0.5712
z Critical two-tail 1.96 1.96

statistically significant. Thus, Tables 2 and 4 show that
the impact of a cellphone usage is on SLT only, and only
whenever there is a cellphone use within at least one of
the first to the fourth vehicles in the queue. This result
emphasizes the location of the impact of cellphone usage
within the first few vehicles in the queue. However, the
impact of a cellphone usage on SLT has increased when
there was more than one cellphone user. Using cellphones
by the motorists of the first few vehicles in the queue
reduces motorists' reaction response time to signal change
to green. This result also suggests that using a cellphone
does not decrease lane capacity.

For further data investigation and analysis, cycles with
cellphone usage that significantly and statistically influ-
ence the SLT have been merged in Excel Spreadsheet.
The sheet included cycles without cellphone usage and
cycles with cellphone usage at 1% to 4™ vehicles in the
queue and cycles with cellphone usage at both vehicle
positions (1% to 4", and 4" to 10" vehicle in the queue).
Table 5 shows that there is a statistically significant aver-
age increase in SLT equal to 0.7 seconds due to using
a cellphone by a motorist in at least one of the vehicles
within the 1*' to 10" vehicles in the queue.

Table 6 shows that the probability value of the z-test
at one-tail is less than 0.05. Tables 5 and 6 show that
using a cellphone at a signalized intersection significantly
increases SLT by 0.7 seconds.

Table 5 Data summary of merged classification of cycles with cell

phone usage

Cycles without

Cycles with
cellphone usage 0 SLT

cellphone usage P

Number of
Cycles

Average 31 2.38 120 3.08

31 31 120 120
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Table 6 A comparison z-test of cycles without cellphone usage and
cycles with cellphone usage at 1310 vehicle

SLT, SLT,
Mean 2.38 3.08
Known Variance 1.47 2
Observations 31 120
Hypothesized Mean Difference 0
z —2.2871
P(Z<=z) one-tail 0.0111
z Critical one-tail 1.6449
P(Z<=z) two-tail 0.0222
z Critical two-tail 1.96

5 Discussion

This study assessed the effect of using a cellphone at
24 signalized intersections based on vehicle position in the
queue. The study found that using cellphone significantly
increases SLT by 0.7 seconds, which can cause a reduc-
tion of 0.7 seconds in effective green time. The effec-
tive green time is the time in seconds dedicated to vehicle
progression under normal environmental and prevailing
conditions during actual signal green time. Accordingly,
the reduction in effective green time by 0.7 seconds can
lead to an increase in total delay per vehicle, which can
reduce the progression of 13 vehicles per phase. This
value can result in a reduction of one useless phase of
effective green time at signalized intersections per hour
causing a deterioration in signalized intersection capac-
ity and LOS by increasing delay (Hurwitz et al., 2013),
and reduce driving performance (Thapa et al., 2015).
This deterioration in signalized intersection capacity and
LOS is associated with a reduction in vehicle mobility,
accessibility, and network productivity (Brumfield and
Pulugurtha, 2011; Huth et al., 2015). Increased delay in
mobility can reduce accessibility to major activity cen-
ters in DMA and other cities where cellphones are used at
intersections. The reduction in accessibility could eventu-
ally cause a reduction in individual productivity per hour.
Using a cellphone while driving in Saudi Arabia with the
dominance of private vehicles, which is 219 cars per 1000
inhabitants, can increase overall delay and traffic conges-
tion with its attendant impact of contributing to climate
change (Abubakar and Dano, 2020).

Many studies investigated the impact of cellphone
usage on traffic safety at different parts of transporta-
tion networks. In the literature, similar results on the
impact of cellphone usage on SLT have been found glob-
ally. Hurwitz et al. (2013) found an increase in SLT by

1.0 second and Huth et al. (2015) reported an increase
of 0.92 seconds. The difference in the values is related
to the difference in driving behaviors, patterns, and
demand from country to country. For example, a study by
Brumfield and Pulugurtha (2011) has found an increase
from 1% to 2% on SLT by cellphone use at signalized
intersections. It is recommended for transportation and
traffic engineering officials to adopt and deploy count-
down signal timer to minimize the impact of using cell
phone (Liu et al., 2012; Long et al., 2013). Many studies
have found that countdown timer at signalized intersec-
tion enhances vehicle progression and increases queue
discharge flow. In China, a study has been conducted to
identify the effects of countdown timer on queue discharge
flow characteristics through movement at signalized inter-
sections (Liu et al., 2012). The study conducted a t-test on
collected data of SLT and ASH at signalized intersections
for 24 hours when the countdown signal was operating
and when it was off and found that SLT decreased from
1.92 seconds to 1.0 seconds per cycle (Liu et al., 2012).
Another study in China, used field data to investigate the
impact of countdown timers on ASH and found a reduc-
tion of 0.82 seconds on ASH (Long et al., 2013). The study
model predicts a reduction of 0.72 seconds on ASH of the
first vehicle in the queue at the signalized intersections.
These studies have shown that using signal countdown
timers has positive implications on the capacity and delay
of the signalized intersection.

6 Conclusion

The present study is one of the few that investigated the
impact of cellphone usage on traffic capacity presented by
SLT and ASH. This study has assessed the effect of using
a cellphone at 24 signalized intersections based on vehi-
cle position in the queue in DMA of KSA and found that
using a cellphone significantly increases SLT by 0.7 sec-
onds. Even though the increase in SLT and the reduction
in effective green is trivial, the impact is statistically sig-
nificant and associated with an increase in signal uniform
delay and reduce LOS. Accordingly, it has been estimated
that the reduction of 0.7 seconds on the effective green
is associated with a reduction of 13 vehicles during each
phase, which is 6% of the total number of phases during
each hour. Thus, signal capacity per hour can be reduced
due to the reduction of around 6% vehicle/hour. This study
concludes that the impact of using a cellphone at the sig-
nalized intersection on SLT increases as the vehicle gets
closer to the intersection stop line. Future studies should



be conducted using more data, either field or simulated,
to calibrate reduction factors associated with cellphone
usage for a whole day based on vehicle position.
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