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Abstract

Background and Objective: The reduction in driver mental performance can lead to
driving errors and accidents. Given the importance of mental performance in driving
and the limited research background on the effects of physical environmental factors
on drivers' cognitive performance, this study aimed to develop a method to analyze the
short-term effects of exposure to noise, vibration, and unconventional temperature
conditions on physiological and neurophysiological responses in driving using a
simulator.

Materials and Methods: This research was conducted in a laboratory setting with the
participation of 43 drivers. After meeting the entry criteria for the study and receiving
preliminary training, the drivers were exposed to traffic noise, whole-body vibration,
and temperature changes both individually and in combination. The effects of these
factors were assessed using cognitive tests and physiological measurements.
Subsequently, a statistical model was developed to predict the impact of these factors
on cognitive performance and arousal.

Results: The results showed that the respiration rate increased with higher vibrations
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and temperature. In addition to environmental factors, age and body mass index were
also significantly associated with changes in some of the studied indices.

Conclusion: Based on the results of the study, it was found that environmental factors
had significant effects on physiological and neurophysiological responses. The
simultaneous use of both physiological and neurophysiological responses provides a
better explanation for the mechanism of environmental factors on drivers'
performance. The results of this study may serve as a foundation for field research.

Keywords: Driving, Heart rate variability, Neurophysiological, Noise, Physiological,
Temperature, Vibration
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Extended Abstract

Background and Objective

Driving is a complex human-machine interaction
requiring drivers to quickly process information from
the road, environment, and vehicle, necessitating high
cognitive performance [1, 2]. Cognitive performance
includes mental processes, such as judgment,
decision-making, and alertness [4]. Disruptions can
affect attention and reaction time, increasing accident
risk [5]. The driver's cognitive reaction involves
perceived judgment, cognitive judgment, and reactive
judgment, where failure at any stage can lead to errors
and accidents [6]. Environmental factors, such as noise
and vibration, influence cognitive performance, with
noise acting as a stressor that reduces accuracy and
increases psychological disturbances [9-11]. Whole-
body vibrations can cause fatigue and stress,
negatively impacting performance [13, 14]. These
vibrations affect perception and are associated with
back pain and heart rate changes [15, 16]. Thermal
conditions in vehicles are also important; temperature
significantly contributes to accidents, with over 50% of
visual signals lost under thermal stress [19]. Cold
exposure can impair alertness and recall, initially
increasing arousal but leading to more errors over
time [17, 20, 21]. While many studies focus on
individual physical factors, their combined effects
remain underexplored, leading to conflicting findings
[18]. This study aims to assess the separate and
simultaneous impacts of noise, vibration, and
temperature using a driving simulator.

Materials and Methods

This laboratory study involved 43 professional drivers
using a driving simulator, vibration platform (1-100 Hz),
traffic sound generator, and cold air supply for
physiological measurements. The sample size was
calculated using G*Power for 80% power at o = 0.05
[50]. Participants, aged 18-50 with at least one year of
driving experience and no major health issues, were
recruited via the Divar application. Ethical approval was
obtained, and written consent was secured. After
screening, participants received training on the
simulator. Baseline physiological parameters were
recorded before a 45-minute driving session with
environmental factors set. Traffic sounds were played
through speakers, and whole-body vibration exposure
ranged from 0.45 to 1 m/s2. Participants had a mean age
of 41.28 years and 13.33 years of experience. Vibration
exposure was assessed according to ISO 2631 standards.
Traffic noise averaged 76 dBA during peak hours, with a
control group at 55 dBA [21]. Cold conditions were set at
10°C and moderate comfort at 24°C [48]. Physiological
measurements included heart rate, blood pressure, and
heart rate variability (HRV) [28]. The Generalized
Estimating Equations (GEE) model analyzed the effects
of environmental and individual factors on responses,
using SPSS version 20 for statistical analysis. Logarithmic
values of HRV indices were applied due to non-normal
distribution.
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Results

Significant relationships were found between
vibration, environmental temperature, and systolic
blood pressure, with increases in vibration and
decreases in temperature correlating to higher blood
pressure. Traffic noise had no significant effect on
systolic blood pressure, though there were increases
during exposure. A significant relationship existed
between vibration and heart rate, but not with traffic
noise, workplace temperature, age, or body mass
index (BMI). Vibration and noise also significantly
affected respiratory rate, with no significant
correlations found for temperature, age, or BMI. The
models for systolic and diastolic blood pressure had
higher coefficients of determination (R?=0.328 and
R2=0.228, respectively) compared to heart rate and
respiratory rate (R?=0.068 and R?=0.099, respectively).
Significant relationships were found among noise,
workplace temperature, and the low frequency/high
frequency (LF/HF) ratio, with increases in both
correlated to higher LF/HF. However, no significant
correlations existed between vibration, age, BMI, and
LF/HF, although LF/HF increased with vibration.
Significant relationships were also observed between
vibration, workplace temperature, and the NN Mean
index, while no significant link was found between
traffic noise and the NN Mean.

Discussion

About 75% of road accidents result from human error
[30]. Environmental factors, such as noise, vibration,
and temperature, can impair driver performance. This
study examined physiological and neurophysiological
changes in response to these factors. Results showed
that systolic blood pressure increased with vibration
and decreased with temperature, while traffic noise
had no significant effect [31]. Heart rate showed a
significant increase with vibration; however, no
correlation was found with noise or temperature. The
breathing rate also increases with noise and vibration
[33, 34]. Changes in neurophysiological indices, such
as NN Mean and LF/HF, were linked to temperature
and noise, with higher LF/HF indicating greater
sympathetic activity and stress [35, 36]. Maintaining
adequate HRV levels is crucial for drivers' overall
health and can reduce health risks [28]. Individuals'
mood can affect their sensitivity to environmental
factors. Lorenzino et al. found that negative moods
reduced physiological sensitivity to vibrations [38].
HRV changes are influenced by both physiological and
environmental factors and depend on a person's
health and mood. This study examined drivers'
responses to noise, vibration, and temperature,
considering factors such as age and BMI. Regarding the
limitations of this study, it is important to note that its
laboratory design may not accurately reflect real-
world conditions due to the artificial control of some
factors. Additionally, the sample size was limited by
individuals' unwillingness to engage in multiple
scenarios and the increased study costs. Therefore,
similar studies are recommended to be conducted in
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real-world environments.

Conclusion

The study found that exposure to traffic noise, vehicle
vibration, and environment temperature affected
physiological (e.g., blood pressure, heart rate, and
respiratory rate) and neurophysiological indices (e.g.,
LF/HF and NN Mean) in drivers. However, not all
environmental factors showed a significant

relationship with the examined indices. Some
indicators significantly correlated with noise but not
with vibration, while others were related to vibration
but not noise. Overall, simultaneous examination of
both physiological and neurophysiological indices is
essential for accurately identifying how environmental
factors impact driver performance. Future studies
should continue to assess both types of indices.
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