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HIGHLIGHTS
• Using driving simulator to assess mobile
phones distraction on driving performance.
• The response time is increased while using
smart phones while driving.
• The results indicate that the response time
increases with task difficulty.
• Young participants are less affected when
compared with older people.
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ABSTRACT
Mobile phone use is one of the most common daily tasks and this is normal,
however, this task could be problematic while driving. The use of mobile phones
while driving has become a major cause of road accidents and poses a threat to
public health. This study investigated the effect of mobile phone usage while
driving on response time, as it investigated four mobile phone tasks (hands-free
calling, hand calls, reading text messages, and sending text messages) in addition
to basic driving. A total of 42 participants, ranging in age from (19 to 55), with a
mean age (mean = 33.14, SD = 10.26) participated in the driving simulation at the
University of Technology and all participants performed five tasks. The
participants had to interact with voice commands by performing the throttle
maneuver. The results concluded with a delay in response, which means an
increase in cognitive reaction time when using a mobile phone compared to basic
driving. It has also been found that the response time increases with the age of
drivers.

1. Introduction
Using a mobile phone while driving has become very common and is one of the main causes of traffic accidents all over the
world [1, 2]. With the great advancement in the field of communication technologies installed in cars or portable that can be
introduced to vehicles, mobile phones are receiving great attention concerning their direct impact on driving performance and
safety for road users[3]. Although most countries banned the use of mobile phones while driving a car, many drivers still use it
while driving. The mobile phone contributes to the dispersion of drivers and distraction from basic driving tasks. In the United
States of America, a study (number = 3265) found that 48% of dispersed drivers were caused by their distraction because they
were busy with the mobile phone while driving[4]. According to the World Health Organization (WHO)[5], the percentage of
people who text while driving is still very high around the world: In the United States, the United Kingdom, and Australia,
respectively, 27 percent, 45 percent, and 16.67 percent. And according to Lambert and Regan[6] More than half of drivers
admitted to sending or reading (1–5) text messages a week while driving. The increased use of mobile phones while driving has
increased the risk of car accidents, as the increase in traffic accidents is closely linked to the increase in mobile phone users while
driving. For example, according to the [7]NHTSA (National Highway Traffic Safety Administration, 2019), cell phones were
involved in 401 fatal accidents in the United States in 2017 (14 percent of all fatal distraction-affected crashes). With reference
to[2]the World Health Organization (WHO) report, drivers who use their cell phones while driving are four times more likely to
have accidents than drivers who do not use their cell phones while driving. In general, many studies have been conducted on the
effect of mobile phone use on driver performance, some for calls and others for text messages. This paper deals with a
hypothetical examination of a number of drivers using a driving simulator to find out the effect that using a mobile phone for
hand-held calls, hands-free calls, reading and sending text messages, on the response time of drivers as a result of the distraction
caused by the distraction of the mobile phone. According to a study[8], talking on the phone while driving causes a drop in
condition comprehension and a pause in reacting to incidents that arise in the driving world, which may lead to incidents. One
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of the most useful metrics for assessing the impact of distraction on event detection efficiency is reaction time. The four types
of mobile phone diversion using on are simple chat, complicated conversation, easy text messaging, and complex text writing.
In the pedestrian crossing task, the tasks increased response times by 40%, 95%, 137 %, and 204 %, respectively. The activities
caused response times to rise by 48 %, 65 %, 121 %, and 171 %when the road crossing was caused by parked cars. As a result,
all phone use conditions were found to be the most important factors in driving efficiency degradation. According to[9] Drivers
are distracted by cell phone conversations so their attention is diverted away from the primary driving activity. As a result, the
response times of drivers have been studied in different study settings, including laboratory, driving simulator, and in-field
experiments, as a surrogate indicator of the crash probability of cell phone distraction It was found that the drivers' reaction times
were 40% longer in the dispersion condition compared to the baseline (non-dispersed). Referring to the study [10] they examined
the braking performance of drivers who were distracted using a mobile phone using a laboratory station that simulated the
performance of the foot when driving. 22 participants were asked to stop as soon as possible when the red lamp was activated in
the laboratory and found that both hands-free and mobile phone conversations by hand-held, Conversation on a mobile phone
slowed Reaction Time according to the findings obtained.[11] Investigated distracted drivers' reaction times in the peripheral
detection task (PDT) under different environmental complications and found that, regardless of phone form or environmental
complexities, the PDT response time was longer, and precision was lower in cell phone conditions. Several studies in Iraq dealt
with traffic issues and traffic transportation problems, such as[12, 13, 14]. However, they did not address the distracted behavior
of drivers using mobile phones.

2. Materials and Methods
2.1 Participants
A total of (42) participants participated in the study of the effect of using a mobile phone while driving on cognitive reaction
time. The average years of experience for the participants (mean = 9.83 years, SD = 8.44), and the rate of accidents committed
(mean = 1.45, SD = 1.38). As shown in Figure (1).

Figure 1: Participants by age categories

2.2 Apparatus
2.2.1 Driving simulator
A driving simulator located in the Civil Engineering Department of the University of Technology was used. This device
consists of a group of parts that simulate its siblings in real vehicles such as (cockpit, transmission, brakes, throttle) and three
screens linked to each other to give an integral view, where the front screen represents the vehicle's windscreen, and the two side
screens represent the side glass on the right and left the driver is in real vehicles. The device gives an immersive and exciting
virtual driving experience and has a surround sound that gives a feeling of real driving. Figure (2) illustrates the used driving
simulator.

Figure 2: Driving simulator device
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2.2.2 Test scenario
In this study, the highway environment was adopted for examination, where the examination path forms a straight road with
a length of (20) km with some horizontal curves and the presence of one vertical curve in the way of going and the other in the
return. As it divides the road into (10) km going and (10) km back. The highway consists of three lanes, each of which is 3.5
meters wide. After testing the different traffic densities by the researcher, a medium and lower traffic density was selected in the
examination because it is more suitable and smoother with the mobile phone impact tests. Can you define different levels of
traffic or density here areas adjacent to the highway have car maintenance buildings, football fields, and large billboards that
give a realistic driving feel. Figure (3) shows the course of the test.

Figure 3: Test path (simulator program screenshot)

2.2.3 Experimental work and procedure
In the case of making a hands-free call, the researcher or a person authorized by the researcher made three calls to the
participant, and the duration of each call ranged between 45-60 seconds. The participants were asked to stop as soon as they
could upon hearing the voice command (stop). Whereas the researcher asked the participant to stop suddenly while he was busy
with the phone call and without prior warning. Three cognitive reflexes times were recorded for each participant in three calls,
and then their average was set. Repeat the same in the case of a handheld phone call.
In the case of reading the messages, three text messages were sent by the researcher to the participant. These messages
contain questions consisting of general knowledge facts. These facts were previously given written on a paper to the participant
before the examination, and he was asked to read them. The average number of characters in the message body was 48. While
the participant is busy reading the message, the researcher asked him to stop abruptly with the phrase (stop) and record the
perceptual reaction time three times with each message sent by the researcher and take the average reaction time for the
participant. In sending the text messages, the participant had to reply to the three text messages received from the researcher.
Where he must take out the mobile phone from his pocket, open the phone, read the message sent by the researcher, which is in
the form of a question not exceeding 18 characters, and write the answer and send it to the researcher. During this process and
without prior warning, the participant will be asked suddenly to stop. The reaction time will be calculated as in the previous
cases and the rate will be taken.

Figure 4: Participant during the test

3. Results
3.1 Mobile Phone Conversations
3.1.1 For All Participants
The results showed a difference in cognitive reaction time between basic driving and engaging in a phone call while driving.
In the case of a hands-free phone call, the reaction time increased by about 0.25 seconds, and this gives an impression of being
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distracted and the mental workload that occurs due to engaging in the phone call. While the increase in response time was higher
and clearer in the case of a handheld telephone conversation, where the average reaction time increased from 0.6 seconds in the
case of basic driving to 0.9 seconds while engaging in a handheld phone call with a difference of 0.3 seconds. It is an indication
of an increase in mental burden and delay in response resulting from the call on the one hand and from carrying the phone and
being busy with it on the other side. These results are consistent with what the researchers concluded[15][16]. See Figure (5).

Figure 5: Response time per second by all participants

3.1.2 By Gender
The results show a clear effect for both sexes in the cognitive reaction time when they engage in the two communication
tasks, whether the phone is hands-free or hand-held. Where the response time for both sexes increased in both tasks, as shown
in Figure (6). There were no significant differences in the average response time between gender, except for minor differences,
and they were in favor of men, where the response of men was slightly faster. These results are consistent with what the
researchers found [16, 17, and 18].

Figure 6: Figure 6: Response time per second by gender

3.1.3 By Age
The results obtained from the examination indicate a difference in the response time between the age groups. As shown in
Figure (7), we can say that the perceptual reaction time is directly proportional to the age of the participants. The twenty-yearold group recorded the lowest response time in basic driving, while the response time gradually increased with age. In conclusion,
the elderly needs more time to respond compared with the younger age groups. Given the perceptual reaction time, while
performing the tasks of telephone calls, reaction time has increased for all age groups. An indication of a higher response time
while engaging in a handheld telephone conversation with a relatively lower response time in the case of hands-free phone
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conversations. This can be explained by the fact that the reaction time of perception increases with the difficulty of the task that
the driver performs while driving, due to its greater mental impact and higher mental and physical effort these results are
consistent with the findings of the researcher[19].

Figure 7: Response time per second by age

3.2 Text messages
Text messages contain two tasks, the first is the task of reading incoming messages and answering orally with yes or no. The
second task is to respond to an incoming text message. The results obtained from the examination were analyzed based on the
total sample, gender, and age groups, and the results were as follows.
3.2.1 For all Participants
The results concluded that a clear increase in response time while performing the task of texting while driving for all drivers
whose number reached (42) participants. Where the response time in the main leadership was 0.628 seconds, while it increased
in the task of reading incoming messages, surpassing the one-second barrier. This can be explained by the fact that drivers have
been mentally busy reading the incoming messages, which made the driving task more difficult, and this led to their adaptation
to the task situation by reducing the response time. And the matter became more difficult in the task of sending text messages,
as the response time increased to almost double than it had been in the case of basic leadership, and this result gives an indication
that the response time increases with the increasing difficulty of the task. And because the task of sending the text message
requires more mental and physical effort than the rest of the tasks of the mobile phone, whether it is calls or reading messages,
so the response time was the highest among them in this task. Figure (8) illustrates the response time between basic leadership
and text messaging tasks. This result is consistent with what the researcher concluded[20].

Figure 8: Response time per second by all participants
1810

Hussein S. Mutar et al.

Engineering and Technology Journal 39 (12) (2021) 1806-1813

3.2.2 By Gender
Both genders were affected when performing the two texting tasks. The average response time increased as the task became
more difficult. However, no significant differences were recorded between men and women when performing the tasks, except
for some differences, which are considered slight. In the case of basic driving, the difference between males and females was
0.022 seconds in favor of men. This is a slight difference. In the task of reading the incoming text messages, the difference
between them increased very little, as it was 0.045 seconds. For men, too. In the task of sending text messages, the response rate
for men was 0.079 seconds faster than that of women. These results are consistent with the findings of the researchers' mechanism
[20, 21]. Figure (9) shows the differences between the sexes while performing text messaging tasks

Figure 9: Response time per second by gender

3.2.3 By Age
Through the results obtained from the four age groups involved in this study (twenty, thirty, forty, and fifty to fifty-five)
years, the differences are evident in the response time, whether it is in the baseline (driving without a task), or in the performance
of text messaging tasks. The elderly group (fifties) is the most affected group in performing tasks, as the difference in the task
of sending text messages between youth in the twenty years of age and the elderly in the fifties is approximately 0.3 seconds. In
either the baseline or driving without a mission, the difference between these two age groups was 0.178 seconds. In general, the
performance of text messaging tasks affected all participants of all age groups, but this effect was relative to age. Young age
groups in their twenties and thirties were less affected than those in their 40s and 50s .Once again; it appears that the response
time is directly proportional to the difficulty of the task and with age. The task of sending text messages had the highest perception
reaction time while reading incoming text messages had the lowest response time. Figure (10) shows the differences in the time
of cognitive reaction between age groups and texting tasks.

Figure 10: Response time per second by age
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4. Conclusions
This study investigated the response time of drivers distracted using a mobile phone in four mobile phone tasks in addition
to the basic driving task using a driving simulator. A variety of results were obtained from the 42 participants in this study of
different ages and sexes. The participants had to react to the researcher's voice command (stand) and decide to perform the
braking maneuver. Response time was calculated from the moment the voice command was issued to the foot lift from the
accelerator pedal and the brake pedal. One of the primary factors that explain whether a collision or an accident can be avoided
is the reaction parameter[8]. Therefore, intelligent transport systems such as those in vehicles that warn of collision rely mainly
on reaction algorithms. Where limits for reaction values ranging from 0.7 to 1.5 seconds are usually used[22]. The results showed
that there was a marked increase in the response time of the drivers when they engage in the four phone tasks. This clearly
illustrates the danger of using a mobile phone while driving to the public safety of road users. The results indicate that the
response time increases with the more difficult the task, as it became clear that the most difficult task is the task of sending text
messages, followed by the task of reading incoming text messages, then the task of engaging in a hand-held phone call and finally
the task of hands-free phone conversations using headphones. There were no significant differences between the hand-held phone
calls and the hands-free phone calls, as the difference between them was very slight in terms of the time of the cognitive reaction.
In principle, cognitive distraction and distraction are the same between hand-held and hands-free calls. Although the Iraqi Traffic
Law No. 3 of 2006 prohibits the use of a mobile phone while driving, and the latest Iraqi law for traffic issued by the Iraqi
Council of Representatives and published on 5/8/2019 in the Iraqi newspaper Al-Waif's in Chapter 10 (Penalties) Article 2,
Paragraph B prohibits the use of the driver the mobile phone while driving[23], but the law did not mention the details of the
prohibition, whether it is forbidden to use it, whether it is hand-held or hands-free. When we asked the traffic officers, they
replied that it is customary to punish those who use a hand-held cell phone specifically, and not to punish other forms of use.
Therefore, we recommend the legislative bodies take into consideration these results. On the other hand, it's possible that the
decreased responsiveness is due to greater competition for focus resources when driving and executing secondary tasks. As the
mental as well as the physical burden increases when performing secondary tasks with driving, leading to the dispersion of the
drivers.
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