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Abstract

Alcohol consumption impairs driving skills and responsible for a high proportion of traffic accidents. This research examined the effects
of blood alcohol consumption (BAC) level on driver’s physiological behavior and driving performance under simulated driving envi-
ronment. The participants consisted of eight healthy young male drivers with an average of eight years driving experience. The scenario
considered was 5 min driving on a highway with different speed limits, crossings, and unexpected event. Results showed that statistically
significantly decreased alpha and increased theta power frequency was observed with increased BAC level. Heart rate was statistically
significantly elevated with increased BAC level. The accident rate and the over speed rate were significantly higher with higher BAC
level. Alcohol intoxication affected drivers’ decision-making ability, vision and integrating visual information ability.
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1. Introduction

Alcohol consumption weakens driving skills and increases the
chances of accident risk [1]. Keall et al. [2] said that under the
influence of alcohol the danger of having an accident causing
injury or death increases. Arnedt et al. [3] noted that the drivers
with a slight quantity of alcohol intake are twofold likely to be
involved in road traffic accidents than regular drivers. Drunk driv-
ing has a significant threat to public safety and health, also impos-
es a substantial financial loss to the whole society, especially in
the healthcare and insurance sector [4]. In Korea, drunken driving
is thought to be responsible for 29,293 accidents, 815 deaths, and
52,345 injuries in 2012 [5]. The proportion of drunk driving traffic
accidents (22.7 %), killed (35.8 %) and injured (22.7 %) by driv-
er’s BAC of 0.05 — 0.09 %. In the USA, drunk driving accidents
contribute to about 31% of all traffic fatal [6]. In China, 34.1 % of
road accidents were under drunk driving [7]. The constitutional
limits for BAC are varied among countries, for example, 0.05 % in
Korea, Australia, 0.08 % in the USA, England, Canada, and
0.02 % in China and Sweden.

Driving under the influence of alcohol can affect driver’s thought,
watchfulness, attention, decision-making ability, response, depth
perception, logical reasoning, visual performance, and visual
searches [8-10]. Zhang et al. [11] mentioned that alcohol con-
sumption causes reduced coordination, disorientation, blackouts,
reduced self-confidence, and double vision, which causes severe
accidents. Chamberlain, E., & Solomon [12] concluded that driv-

er’s vision, braking behavior, and vigilance were significantly
affected even by the low doses of alcohol consumption. Drunken
drive impairs hand steadiness [13], operating accuracy [14], steer-
ing behavior [15, 16], braking behavior [12], and driving speed
[17].

Human emotion is aroused reactively and instantly by the infor-
mation received from the external environment; these include
temporal and spatial changes [18]. Several driving-related studies
used electroencephalogram (EEG) for psychological measures
[19], [20]. The EEG spectral parameters would change when men-
tal fatigue is occurring while driving [18], [21-25]. Alcoholism
can affect the brain and its neuronal activity, specifically, alpha
activity decreases and theta activity increases [11], [26], [27].
Malar et al. [28] claimed that power spectrum could be used to
distinguish EEG of alcoholic and control. Also mentioned that
decreased alpha activity and increased theta activity can be used to
differentiate between alcoholics and control. The electrocardio-
gram (ECG) used as one of the factors for measuring user atten-
tion [23-25], [29], [30]. That is, the influence of alcohol gradually
reduce R-R interval variability and increase heart rate [31]. The
current study was to examine effects of alcohol (with different
BAC levels) on physiological behavior and driving performance in
a simulated driving environment. The physiological measures
were EEG (alpha and theta power frequency in the frontal and
occipital region), and ECG (heart rate and R-R interval). The driv-
ing performance measured were accident rate and the number of
time violating the specified speed limit (50, 70, 90, 110 km/h).
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2. Methods

a) Subjects

There were eight healthy young male participants with valid driv-
er’s licenses and had regular driving habits, fixed sleep time, and
free from drug use. All the participants have no medical history of
cerebral diseases and vision problem to drive a car in the driving
simulator. The participant’s demographic details including driving
experience are presented (Table 1). They agreed and signed
informed consent. Statistical power was estimated at G-power 3.0
program with input parameters — effect size (f): 0.5; significance
level (a): 0.05; sample size: 8; the number of groups: 4. The statis-
tical test considered was (ANOVA: Repeated measures, within
factors) and the type of power analysis was: Post hoc: computer
achieved power — given a, sample size, and effect size. The esti-
mated statistical power (1-p) and critical F-value are 0.82, and
3.49029, respectively.

Table 1: Subjects Demographic Details

N=8 Mean+SD
Age, years 29.63+3.16
Height, cm 174.53+7.12
Weight, kg 82.01+20.33
BMI, kg/m? 26.80+5.90

Driving experience, years 8.0£3.4

b) Experimental Environment and Apparatus

A driving simulator situated in the Chungnam Techno Park at
Korea Automobile Technology Institute was utilized (Figure. 1).
The simulator was driven under the temperature (25°C) and rela-
tive humidity (40-50 %) controlled environment. Important speci-
fication of the simulator is scan rates(horizontal: kHz to Hz; ver-
tical: 23.97 to 150 Hz), resolution (true SXGA+1400 x 1050). The
simulator consists of networked computers, steering wheel, pedals,
and gear shift. The road scenarios were projected onto big screens
with a 130° field of view. The driving simulator offers various
parameters including steering wheel angle, gear state, travelling
speed, lane position, and acceleration.
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Fig. 1: Driving Simulator.

The participants BAC levels were tested with a blowing-type
(Model: CA 2000) digital alcohol detector (Accuracy: £0.01% at
0.10% BAC) (Figure. 2). Three BAC level measurements were
taken from the participants for each testing, and the average was
used to reduce measurement errors.

—_ - )

Fig. 2: Digital Alcohol Detector (Model: Ca 2000).

c) Physiological Responses
An EEG and ECG test was conducted to study the response of
central and autonomic nervous system. The specified physiologi-
cal data were measured with Biopac MP 150 system and analyzed
with AcgKnowledge (ver. 4.2) software. The sampling frequency
was set at 1000 Hz. By the 10-20 international system, the EEG
electrodes were attached to the frontal lobe (Fz) and occipital lobe
(0z), and also, a reference electrode was attached to the left ear-
lobe. The ECG was measured using bipolar leads. The raw EEG
signals were digitized and low-pass filtered, and then frequency
analysis was done using FFT transform. From EEG analysis, the
parameters alpha power frequency and theta power frequency
were estimated. From ECG analysis, the heart rate was determined.

d) Driving Performances
The driving performance measured were accident rate/crash rate
and over speed rate. The accident rate refers to the number of
accidents per driver. The over speed rate refers to the number of
time the participants drove the vehicle above the specified speed
limit.

e) Experimental Design and Procedures
The participants needed to conduct experiments at four BAC level
(0.00, 0.03. 0.05, and 0.1 %). Every participant took part the simu-
lated driving experiment for four times with 30 min interval. A
highway scenario was used, where participants were instructed to
drive at the speed of 50, 70, 90, 110 km/h for one minute each in a
driving simulator. The scenario considered was 5 min driving on
a highway with different speed limits, crossings, and unexpected
event. Before the first experimental session, a 10-min practice was
allowed for each participant. Ample rest time was given to
practising and a real test. For baseline condition, i.e., BAC level
0.00 %, participants completed the first session. After the first
experimental session, participants were asked to drink the Korean
liquor soju (20% of alcohol content) about 50 ml (1 shot). About
20 minutes after consumption of alcohol, participants BAC level
was measured using digital alcohol detected every 2 minutes.
When the participants reached the target BAC levels, the simulat-
ed driving commenced. If target BAC level not achieved we en-
couraged the subjects to drink more. If the participant's BAC level
above the target BAC level, the participants not allowed to contin-
ue the experiment. Similar procedure repeated for other experi-
mental condition.

f)  Statistical Analysis
Analyses of variance (ANOVA) with a repeated measures design
was used to investigate the effects of the independent variable
(BAC level) on each of the dependent variable. The BAC level
considered were 0.00, 0.03, 0.05, and 0.1 %. The dependent varia-
bles were accident rate, over speed rate, alpha power frequency,
theta power frequency, and heart rate. Multiple comparisons were
performed using post hoc (LSD) test. Statistical analyzes were
performed using SPSS (release 18, SPSS Inc., Chicago). The con-
fidence level for statistical significance was set at 95% (alpha =
0.05).
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3. Results

1) Driving Performances
a) Accident Rate

The accident rate was estimated depending on the BAC level (%)
(Figure 3 & Table 2). A repeated measures ANOVA with a sphe-
ricity correction determined that mean accident rate differ statisti-
cally significantly between BAC levels (%) (F (3, 21) = 17.853, p
< 0.05). Post hoc tests using LSD correction revealed that BAC
level (%) caused a statistically significant increase in accident rate
(Table 3). Therefore, the result concludes that an increased BAC
level (%) produced a statistically significant increase in accident
rate.

BAC Level Vs. Accident Rate
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Fig. 3: Accident Rate Based on BAC Level (%).

b) Over Speed Rate.
The over speed rate was estimated depending on the BAC level
(%) (Figure 4 & Table 2). A repeated measures ANOVA with a
sphericity correction determined that mean over speed rate dif-
fered statistically significantly between BAC levels (%) (F (3,21)
= 73.674, p < 0.05). Post hoc tests using LSD correction revealed
that BAC level (%) caused a statistically significant increase in
over speed rate (Table 3). Therefore, the result concludes that an
increased BAC level (%) triggered a statistically significant in-
crease in over speed rate.

Table 2: Descriptive Statistics of Driving Performance Based on BAC

Level (%)
BAC Level Accident rate (Avg + Over speed rate (Avg +
(%) SD) SD)
0.00 0.50 £ 0.54 2.25+1.49
0.03 1.13 +0.64 450 +1.77
0.05 2.25+1.04 14.13 £ 3.80
0.1 3.50 £1.07 19.38 £ 2.62

Table 3: Post-Hoc Test Result Comparing Accident Rate and Over
Speed Rate Based on BAC Level (%)

BAC Level BAC Level Accident rate (p- Over speed rate (p-
(%) (%) value) value)
0.03 .095 .007*
0.00 0.05 .004* .000*
0.1 .000* .000*
0.05 .038* .001*
0.03 0.1 001* 000*
0.05 0.1 .060 .004*
*p <0.05.
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Fig. 4: Over Speed Rate Based on BAC Level (%).

2) Physiological Responses

The sample (Fig. 5) power of alpha, beta, and theta waveforms are
given by comparing normal and alcoholic (at BAC = 0.03 %).
Decreased power of alpha wave observed for alcoholic compared
to normal. However, the increased power of beta and theta wave
were observed for an alcoholic [4]. The descriptive statistics of
physiological responses based on BAC level (%) shown in Table 4.

a) EEG - Frontal — Alpha Power

The frontal lobe alpha power frequency was estimated depending
on the BAC level (%) (Figure 6 & Table 4). A repeated measures
ANOVA with a sphericity correction determined that average of
alpha power frequency at frontal lobe differ statistically signifi-
cantly between BAC levels (%) (F (3,21) = 58.322, p < 0.05). Post
hoc tests using LSD correction revealed that BAC level (%)
caused a statistically significant decrease in alpha power frequen-
cy at frontal lobe (Table 3). Therefore, the result concludes that an
increased BAC level (%) caused a statistically significant decrease
in alpha power frequency at the frontal lobe.

BAC Level Vs. Frontal Lobe (EEG-Alpha)
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Fig. 5: Frontal Lobe Alpha Power Frequency Based on BAC Level (%).

b) EEG - Occipital — Alpha Power

The occipital lobe alpha power frequency was estimated
depending on the BAC level (%) (Figure 7 & Table 4). A
repeated measures ANOVA with a sphericity correction
determined that average of alpha power frequency at occipital
lobe differ statistically significantly between BAC levels (%)
(F(3,21) = 103.938, p < 0.05. Post hoc tests using LSD
correction revealed that BAC level (%) caused a statistically
significant decrease in alpha power frequency at occipital lobe
(Table 3). Therefore, the result concludes that an increased
BAC level (%) caused a statistically significant decrease in
alpha power frequency at the occipital lobe.
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BAC Level Vs. Occipital Lobe (EEG-Alpha)
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ig. 6: Occipital Lobe Alpha Power Frequency Based on BAC Level (%).

A) Alpha Wave
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Fig. 7: Sample EEG Waveform Comparing Alcoholic (BAC = 0.03%)
and Normal.

Table 4: Descriptive Statistics of Physiological Responses Based on
BAC Level (%)

Table 5: Post-Hoc Test Result Comparing Accident Rate and Over Speed
Rate Based on BAC Level (%)

BAC Alpha o Theta o ECG
Level Frontal Occipital Frontal Occipital Heart rate
(%) (Avg £ (Avg £ (Avg £ (Avg £ (Avg £
SD) SD) SD) SD) SD)

0.00 2935+ 27.18+ 1283+ 17.63+ 74.43 +

’ 1.64 1.88 2.22 1.25 5.13
0.03 27.02+ 2599+ 1771+ 1910+ 84.36 +

’ 1.69 2.08 1.69 1.15 7.58
0.05 2622+ 2117+ 1941+ 2432+ 89.88 +

’ 1.74 1.59 1.81 1.14 8.67
01 2027+ 1374 % 28.10+ 2893t 124.24 +

) 2.24 1.64 2.99 2.08 15.92

BAC BAC EEG - Alpha EEG - Theta Heart

Level Level L -

%) %) Frontal Occipital Frontal Occipital Rate
0.03 .001* .349 .000* .009* .000*

0.00 0.05 .000* .000* .000* .000* .000*
0.1 .000* .000* .000* .000* .000*

0.03 0.05 .008* .001* .000* .000* .081

’ 0.1 .000* .000* .000* .000* .000*
0.05 0.1 .001* .000* .000* .000* .000*
*p < 0.05.

c) EEG - Frontal — Theta Power

BAC Level Vs. Frontal Lobe (EEG-Theta)
35
30
=)
= 25
220
h
15
10
0.00 0.03 0.05 0.10
BAC Level (%)

Fig. 8: Frontal Lobe Theta Power Frequency Based on BAC Level (%).

The frontal lobe theta power frequency was estimated depending
on the BAC level (%) (Figure 8 & Table 4). A repeated measures
ANOVA with a sphericity correction determined that average of
theta power frequency at frontal lobe differ statistically signifi-
cantly between BAC levels (%) (F(3,21) = 127.766, p < 0.05).
Post hoc tests using LSD correction revealed that BAC level (%)
caused a statistically significant increase in theta power frequency
at frontal lobe (Table 3). Therefore, the result concludes that an
increased BAC level (%) caused a statistically significant increase
in theta power frequency at the frontal lobe.
d) EEG - Occipital — Theta Power

The occipital lobe theta power frequency was estimated depending
on the BAC level (%) (Figure 9 & Table 4). A repeated measures
ANOVA with a sphericity correction determined that average of
theta power frequency at occipital lobe differ statistically signifi-
cantly between BAC levels (%) (F (3,21) = 178.436, p < 0.05).
Post hoc tests using LSD correction revealed that BAC level (%)
caused a statistically significant increase in theta power frequency
at occipital lobe (Table 3). Therefore, the result concludes that an
increased BAC level (%) caused a statistically significant increase
in theta power frequency at the occipital lobe.
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Fig. 9: Occipital Lobe Theta Power Frequency Based on BAC Level (%).

e) ECG - Heart Rate
The heart rate was estimated depending on the BAC level (%)
(Figure 10 & Table 4). A repeated measures ANOVA with a sphe-
ricity correction determined that average of heart rate differ statis-
tically significantly between BAC levels (%) (F(3,21) = 106.498,
p < 0.05). Post hoc tests using LSD correction revealed that BAC
level (%) caused a statistically significant increase in heart rate
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(Table 3). Therefore, the result concludes that an increased BAC
level (%) caused a statistically significant increase in heart rate.

BAC Level Vs. Heart Rate
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Fig. 10: Heart Rate Based on BAC Level (%).

4. Discussion

The primary importance of this research is improving the under-
standing of the physiological behavior, especially, neuronal activi-
ty of the driver’s brain and heart rate while drunk. For that pur-
pose, this study examined the effects of alcohol consumption on
driver’s physiological behavior and driving performance under the
simulated driving environment.

First, accident rate and over speed rate were analyzed to determine
the effects of BAC level. The accident rate was significantly
increased with BAC level. Also, the over speed rate was
significantly increased with BAC level. Zhao et al. [1] stated that
the incidence of traffic accident increased with the BAC level.
Also reported that driving under the influence of alcohol exhibited
the characteristics of adventurous, and moving faster. Based on
road traffic accident in Korea [5], the proportion of drunken driv-
ing traffic accidents were increased from 22.7 % (BAC level:
0.05-0.09%) to 38.2 % (0.10-0.14%). In this study, the rate of
drunken driving traffic accidents was increased from 1.13 times
(BAC level: 0.03 %) to 2.25 times (BAC level: 0.05 %) to 3.5
times (BAC level: 0.1 %). The rate of over speed was increased
from 4.5 times (BAC level: 0.03 %) to 14.13 times (BAC level:
0.05 %) to 19.38 times (BAC level: 0.1 %). These results conclude
that even low dose (BAC level: 0.03 %) of alcohol consumption
significantly (p < 0.05) affects driving performance.

Second, physiological responses were analyzed to determine the
effects of BAC level. The frontal lobe alpha power and occipital
lobe alpha power frequency were decreased significantly (p <
0.05) with increased BAC level. In the frontal lobe, the alpha
power frequency was reduced 7.92 % (BAC level: 0.03%) with
control, 2.97 % (BAC level: 0.05 %) with BAC level: 0.03 %, and
22.69 % (BAC level: 0.1 %) with BAC level: 0.05 %. The reduced
alpha power frequency in the frontal lobe affected the decision-
making ability. In the occipital lobe, the alpha power frequency
was reduced 4.34 % (BAC level: 0.03%) with control, 18.57 %
(BAC level: 0.05 %) with BAC level: 0.03 %, and 35.12 % (BAC
level: 0.1 %) with BAC level: 0.05 %. The reduced alpha power
frequency in the occipital lobe affected the vision and integrating
visual information ability. Barzelay [32] expressed that alcohol
disturbs the ability to reason and to make a decision, which causes
longer responses time to road hazards while driving. Mitchell [33]
highlighted that alcohol and drug use might affect drivers cogni-
tive functioning, especially decision-making abilities, reasoning,
concentration, vision, and ability to follow objects with eyes. NI-
AAA [34] indicated that even low dose of alcohol consumption
(BAC level: 0.03 %) interfere with voluntary eye movements and
weaken the eye's ability to focus and track. Also, the muscle that
controls the shape of the eye’s lens is affected by alcohol con-
sumption, which causes the ability to focus on a driver [35].

Also, alcohol would negatively affect driver’s ability on the judg-
ment of succeeding distance and depth perception [1, 26]. The
frontal lobe theta power and occipital lobe theta power frequency
were increased significantly (p < 0.05) with increased BAC level.

In the frontal lobe, the theta power frequency was increased
38.09 % (BAC level: 0.03%) with control, 9.60 % (BAC level:
0.05 %) with BAC level: 0.03 %, and 44.77 % (BAC level: 0.1 %)
with BAC level: 0.05 %. In the occipital lobe, the theta power
frequency was increased 8.36 % (BAC level: 0.03%) with control,
27.32 % (BAC level: 0.05 %) with BAC level: 0.03 %, and
18.97 % (BAC level: 0.1 %) with BAC level: 0.05 %. The in-
creased theta power frequency in both frontal and occipital areas
enhance the drowsiness [36]. As mentioned earlier, alcoholism can
affect the brain and its neuronal activity, specifically, alpha activi-
ty decreases and theta activity increases [11, 27].

Third, an electrocardiogram was analyzed to determine the effects
of BAC level. The heart rate was increased significantly (p < 0.05)
with BAC level. The heart rate was increased 13.34 % (BAC lev-
el: 0.03%) with control, 6.55 % (BAC level: 0.05 %) with BAC
level: 0.03 %, and 38.23 % (BAC level: 0.1 %) with BAC level:
0.05 %. Ryan & Howes [31] studied the relations between alcohol
consumption and heart rate in men and concluded that heart rate
increases and R-peak to R-peak interval (RRI) decreases when
alcohol intoxication.

The limitation of the present study should also be mentioned. The
present study considered only eight subjects, in future, a
significant study group must be used although statistical tests were
showing strong significant levels with the adequate power which
was verified by the direct assessment of power. Also, the present
study only measured brain activity from frontal and occipital lobe.
However, other parts of the brain and its function could be affect-
ed by the effects of alcohol. For example, Ridderinkhof et al. [37]
reported that intake of alcohol in moderate doses affects medio-
frontal brain function may effect compromised performance. Paul-
chamy & Vennila [4] proposed threshold values of alpha, beta,
and theta waves to differentiate EEG between alcoholic and non-
alcoholic. They have considered the central region of the brain
along with frontal and occipital region. Future work would study
the effects of alcohol on other brain parts and its function.
Therefore, the results presented in this study must be interpreted in
the context of the experimental design.

5. Conclusion

There have been many studies about the alcohol weakening and
driving performance at diverse BAC levels. Moreover, not many
studies on driver’s physiological behavior at various BAC levels.
This study evaluated driver’s physiological behavior at different
BAC levels, also, driving performance measures also performed.
Both physiological behavior and driving performance confirm that
even low dose of alcohol consumption (BAC level: 0.03 %) would
affect driver decision-making ability, vision and integrate visual
information ability.
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