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Abstract

Keywords

Background and aims: Music tempo and sound pressure levels significantly
impact driving performance, considering individuals' personality traits. Studies Driving Simulator
indicate that, beyond environmental factors, personality characteristics also

. . . . Driving Performance
affect driving performance. This study explores the influence of music tempo

and sound pressure levels on driving performance indicators. Tempo
Methods: This cross-sectional study was conducted with 90 participants aged Sound Pressure Limit
20-35 in 2023. The participants underwent driving performance assessments e -

using a simulator. Performance indicators, including driving speed, braking
reaction time, and lateral car deviation, were measured. Participants completed
demographic and Eysenck's personality questionnaires and then drove the
simulator for 15 minutes under various musical conditions. Data were collected
using MATLAB software and analyzed using SPSS 24.

Extraversion

Results: The participants’ mean age was 24.0 years, with a standard deviation

of 3.77; 38 were women, and 52 were men. The average driving speed across

five groups was close to the significance level (P = 0.054). Participants exposed

to low-tempo music with high sound pressure exhibited the highest driving

speed. There were 33 introverts and 49 extroverts in the study. Additionally,

introverts had longer braking reaction times compared to extroverts. The Received: 2024/10/15
correlation between braking reaction time and the number of collisions was
0.086 and non-significant. Furthermore, the correlation between speed and the
number of collisions was 0.23 and significant (P = 0.027).
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Conclusion: The results indicate that, with consistent sound pressure, low-
tempo music negatively impacts driving performance due to a decrease in
excitement. Music appears to have a greater impact on the driving performance
of introverts than extroverts.
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EXTENDED ABSTRACT

INTRODUCTION

Reports highlight cars as crucial vehicles in today’s
world, with traffic accidents causing 1.2 million deaths
and 20 to 50 million disabilities annually worldwide.
Iran is among the countries with the highest road
accident rates, recording 15,932 fatalities in 2015, with
over 75% of victims being men. Driving, a routine task
in daily life, requires the integration of diverse human
skills to achieve desired outcomes. Driving simulators
replicate driving scenarios and vehicle conditions,
enabling the simulation of real-world environments
to study the impacts of various factors, such as drug
use, sleepiness, mobile phone use, and radio/music
distractions, on driving performance.

Various factors, including individual
characteristics, road conditions, vehicle condition,
and environmental influences, contribute to driving
accidents. Distraction while driving accounts for at
least a quarter of accidents, often resulting in serious
injuries when attention is insufficient. Research by the
U.S. National Highway Traffic Safety Administration
indicates that 25% of accidents are caused by in-vehicle
distractions, such as listening to music or engaging
in conversation. Many researchers are focused on
identifying which distraction factors have the greatest
impact on driver performance.

Research indicates that approximately 95% of
drivers listen to music while driving. Since 2000,
cars have become one of the most common places
to listen to music. However, listening to music while
driving poses potential risks associated with road
accidents and fatalities. The safety concern lies not
only in the act of listening to music but also in its
impact on the driver’s emotional state and mood.
Studies have classified harmful music into categories
such as exciting, aggressive, and distracting. While
some research suggests that listening to music can
mitigate deficits and enhance driver satisfaction, other
studies conclude that it significantly increases risk and
reduces safety. Despite numerous studies, there is no
consensus among researchers regarding the effects of
music on driving performance, perpetuating concerns
in this area.

Tempo, a fundamental characteristic of music,
significantly influences human behavior. Tempo
refers to the speed of music in beats per minute.
The relationship between music tempo and listener
excitement suggests that fast-tempo music increases
driver excitement, while slow-tempo music reduces it.
Additionally, studies indicate that, while maintaining
a constant sound pressure level, music tempo may
impact driver safety, with faster-tempo music leading
to increased driving speed, more violations, and
reduced attention.

A systematic study exploring the impact of noise
and music on human activity efficiency found that,

regardless of sound type, increased sound volume
negatively affects performance in simple vigilance and
simulated driving tasks. Additionally, Turner et al.
observed that the intensity of music’s sound pressure
level influences drivers’ response time to unexpected
visual events.

Research highlights the importance of considering
varjous factors, such as activity type and individual/
social characteristics, when examining the impact of
music. Personality traits have long been recognized as
significant factors linked to risky driving behaviors and
accidents, prompting attention to their relationship
with high-risk driving behaviors for accident
prevention. Researchers are particularly interested in
studying how background music affects the cognitive
performance of introverts and extroverts.

According to Jung’s theory, extroversion and
introversion are fundamental aspects of human
personality, with extroverts focusing on the external
world and introverts on their inner experiences.
Eysenck describes extroverted individuals as
energetic, active, and interested in new experiences,
while introverts exhibit higher arousal potential and
may experience more concentration disturbances in
noisy environments. Personality trait theories suggest
that introversion and extroversion exist on a broad
spectrum, with many individuals falling somewhere
between these two aspects.

Some research suggests that introverts exhibit
lower efficiency in cognitive performance tests
when exposed to sound, while other studies find
no significant difference between introverts and
extroverts in mental performance. In 2018, researchers
found that personality traits like extroversion and
neuroticism are linked to simulated driving outcomes.
Additionally, a study by Strahan et al. concluded that
personality traits such as extroversion, sensation
seeking, and psychological issues correlate with the
frequency of traffic violations.

This study aims to examine how the tempo and
sound pressure level of background music impact
drivers’ performance.

METHODOLOGY

This cross-sectional study was conducted in 2023
with 90 participants. The inclusion criteria were
as follows: age range of 20 to 35 years, completion
of informed consent to participate in the research,
possession of a driver’s license for at least one year, a
minimum of 8 hours of driving experience per month,
no participation in music learning courses, sufficient
visual acuity, adequate rest the previous night, and no
consumption of energy drinks in the last 24 hours.
The exclusion criteria included participants’ request
to withdraw from the test. Additionally, in studies
examining the relationship between personality traits
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and driving performance, individuals who attempted
to present themselves as socially desirable when
completing the Eysenck questionnaire—or, in other
words, lied—were excluded from the analysis of this
section.

A driving simulator is a device that immerses
users in a virtual reality environment, replicating real-
life driving experiences. It consists of software and
hardware components working together to simulate
driving sensations. The simulator used in this study
was based on the front half of the Pride Model 131
car, developed by experts at Khwaja Nasiruddin Tousi
University of Technology’s virtual reality group. The
software enables the simulation of various routes and
weather conditions, allowing researchers to measure
parameters such as reaction time, car deviation,
driving speed, and steering wheel rotation rate.

In this study, a Marshall-brand sound player
(Model ME:2293) with a sound sensitivity of 90 + 3 dB
was used to play music. Additionally, a Cel440-brand
sound level meter was employed to measure the sound
pressure level of the music.

The demographic questionnaire used in this study
gathered information on participants. Eysenck’s
personality questionnaire assessed two fundamental
personality dimensions: introversion/extroversion
and neuroticism. Additionally, it included questions
designed to measure the respondent’s honesty in
answering, serving as a lie detector scale to gauge
social desirability.

Participants in this study were randomly assigned
to one of five conditions:

1. Control group: Participants drove while hearing
only the engine sound (73.1 dB).

2. Fast-tempo, high sound pressure group:
Participants drove while listening to fast-tempo music
(168-200 bpm) with a high sound pressure level (85
dB).

3. Fast-tempo, low sound pressure group:
Participants drove while listening to fast-tempo music
(168-200 bpm) with a low sound pressure level (78
dB).

4. Slow-tempo, high sound pressure group:
Participants drove while listening to slow-tempo
music (40-60 bpm) with a high sound pressure level
(85 dB).

5. Slow-tempo, low sound pressure group:

Participants drove while listening to slow-tempo
music (40-60 bpm) with a low sound pressure level
(78 dB).

Participants drove for 7 minutes on a different
route to familiarize themselves with the simulator.
Following this, they drove for 15 minutes in the main
research scenario: a 20 km route with three lanes,
where they had to maintain a speed of 50-60 km/h
in the middle lane. Pedestrians suddenly appeared in
the middle lane, requiring participants to use only the
brakes to avoid a collision.

The simulator recorded driving performance
indicators using MATLAB software. After the test, data
collected by MATLAB underwent analysis using SPSS
version 24. Participants who scored 6 or higher on the
lie measurement criterion of the Eysenck personality
questionnaire were excluded from personality-related
analyses.

Data analysis methods included descriptive
statistics (mean and standard deviation), one-way
analysis of variance (ANOVA) and its non-parametric
equivalent (Kruskal-Wallis), two-way ANOVA, and
Spearman’s correlation coefficient.

RESULTS

In this study, 90 participants took part, with an
average age of 24.0 years and a standard deviation (SD)
of 3.77. Among them, 38 were women (42.2%) and 52
were men (57.8%). On average, participants had 4.2
years of driving experience and drove approximately
27.0 hours per month. The standard deviation for
monthly driving hours was 30.3.

The mean number of collisions was 6.03 (SD =
3.96), the mean driving speed was 37.8 km/h (SD =
4.85), the mean lateral deviation was 0.6 meters (SD
= 0.11), and the mean braking reaction time was 0.9
seconds (SD = 0.19).

The correlation between braking reaction time and
the number of collisions was 0.086 and not significant.
However, the correlation between speed and the
number of collisions was 0.23 and significant (P =
0.027).

Additionally, 33 participants (40.2%) were
introverts, and 49 participants (59.8%) were extroverts,
with 8 missing values.

Table 1 presents the frequency distribution of
introverts and extroverts across different groups.

Table 1. The frequency distribution of Introverts/ Extroverts in different groups

Introverts Extroverts Sum
Group

No % No % No %
Control 6 18.2 38.0 18.4 15 18.3
Fast tempo, high sound pressure level 6 18.2 36.2 22.4 17 20.7
Fast tempo, low sound pressure level 9 27.3 38.1 18.4 18 22
Slow tempo, high sound pressure level 6 18.2 40.5 22.4 17 20.7
Slow tempo, low sound pressure level 6 18.2 36.5 184 15 18.3
Total 33 100.0 37.8 100.0 82 100.0
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Table 2. The correlation between Introverts/ Extroverts participant with speed, Lateral deviation, the Reaction time and number of collisions.

Variable Charactristic aspect Number P-value

Speed Extroverts 49 0.717
Introverts 33

Lateral deviation Extroverts 49 0.414
Introverts 33

Reaction time Extroverts 49 0.839
Introverts 33

Number of collision Extroverts 49 0.758
Introverts 33

Table 2 shows that the driving performance of
introvert and extrovert participants had no significant
differences.

For speed and lateral deviation, the data followed
a normal distribution across different levels of
personality characteristics. Therefore, an independent
sample t-test was used to compare the mean speed and
lateral deviation.

However, reaction time and the number of
collisions did not follow a normal distribution across
personality characteristic levels. Consequently, the
Mann-Whitney U test was used to compare these
variables.

Results indicate a small yet significant negative
correlation (-0.211) between age and average driving
speed, implying that as age increases, driving speed
decreases significantly. However, the correlation
between age and average braking reaction time was
very small and insignificant (0.031), suggesting no
meaningful relationship between these variables.
Similarly, the correlation between age and average
lateral deviation was small and insignificant (-0.128),
indicating a weak inverse relationship between these
factors.

The findings suggest no significant variation
in the average distribution of individuals based on
personality traits. Additionally, no notable differences
were observed in driving performance between
introverts and extroverts.

CONCLUSION

Research shows that mental performance is affected
by many factors, such as age, gender, environmental
stress, etc. Studies indicate a higher prevalence of male
drivers globally, exposing them to increased driving
risks. In this study, there were more male participants
than female participants. While various driving
behaviors contribute to road accidents, speeding was
found to be a factor in one-third of fatal accidents
between 2002 and 2011.

Research suggests that male drivers may be more
susceptible to the influence of music compared to
female drivers. Therefore, another possible explanation
for the higher speeds and increased collisions among
male drivers in this study could be attributed to music

playing, as prior studies have found that men are more
affected by external stimuli like music.

Age did not impact participants’ braking reaction
time in this study. However, Droodger et al. found that
reaction time tends to decrease with age, potentially
affecting driving performance. Kim et al’s analysis
showed that younger drivers tend to drive faster
compared to middle-aged drivers.

Opverall, age correlates inversely with driving speed,
as elderly drivers tend to drive more slowly to reduce
errors. Conversely, young novice drivers may be more
prone to distractions such as music, leading to higher
speeds and increased lane deviation. Older individuals
exhibit less lateral deviation and lower speeds, possibly
due to their reduced risk-taking behavior and greater
driving experience.

Despite extensive research on how music influences
driving behavior, findings remain inconclusive.
Some studies suggest that drivers can maintain their
performance while listening to music by employing
cognitive compensatory strategies to mitigate its
distracting effects, thereby managing the mental
load it induces. Music tempo plays a significant role
in influencing drivers’ psychological responses and
driving performance. While slow-tempo music can
induce fatigue and sleepiness, fast-tempo music may
lead to excessive excitement, reducing driver attention.
Contradictory findings exist regarding the impact of
music tempo on driver violations.

The current study indicates that drivers listening
to slow-tempo music at high sound pressure levels
exhibited the highest average speed, whereas those
listening to fast-tempo music at high sound pressure
levels had the lowest average speed. Participants
instructed to maintain a specified speed limit while
driving with slow-tempo music paid closer attention,
resulting in reduced speed and increased collisions.
However, this difference in speed was not significant
in conditions without music or other musical
conditions, possibly due to the short duration of the
driving sessions. Additionally, participants in the
control group, who had a higher average age and
longer license duration, may have been less influenced
by music due to their driving experience.

In this study, drivers listening to music at high
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sound pressure levels experienced more collisions
than those exposed to lower sound pressure levels.
This suggests that high sound pressure levels
negatively affect driving performance, aligning with
some studies, while others suggest it may reduce
driver fatigue.

Research suggests that personality traits play a
significant role in driving performance and accident
rates. Extroverted individuals seek external stimuli
for optimal performance, while introverts are more
affected by distractions such as music. Despite
being perceived as a distraction, both introverts and
extroverts tend to perform better with background
music, although extroverts may be less affected. In
contrast, some research has found no significant
disparity in the mental performance of introverts and
extroverts.

In the current study, despite slight differences in the
frequency of introverted and extroverted participants
across groups, no significant variance was observed in
driving performance indicators based on personality
traits. However, introverts exhibited slightly longer
braking reaction times. Extroverts demonstrated better
performance under musical conditions compared to
introverts, aligning with previous research.

The study suggests that the small sample size
and the absence of highly introverted or extroverted
individuals may have influenced the results. Future
studies could explore the impact of personality on
driving performance using larger sample sizes and
more complex driving scenarios.
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