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Executive Summary 
There is a correlation between driving under the effect of alcohol and car-related injuries, 
disabilities, and fatalities. Autonomous vehicles (AVs), while not yet fully automated, offer 
potential driver support systems that could significantly reduce road accidents. However, since 
human intervention is required when necessary, it is crucial to understand how alcohol impairs 
driving performance in both manual and automated scenarios. Insights into manual driving could 
reveal valuable information about the takeover process in AVs. The purpose of this study is to 
comprehend the effects of alcohol on driving performance across manual and automated driving 
and understand how these insights might influence the takeover process in AVs. Additionally, we 
aim to classify our findings based on the human information processing model and its potential 
extension to the AV takeover model. To achieve these objectives, we conducted a comprehensive 
systematic review of the available literature. A total of 53 articles were scrutinized in full text, 
sourced from eight different databases. Our results reveal that varying blood alcohol concentration 
(BAC) levels influence driving performance at diverse stages of the information processing model 
and the takeover model. However, we found that existing studies only tested a limited range of 
BAC levels and that there is a significant research gap regarding AV takeover performance. 
Consequently, future work may focus on exploring AVs and takeover performance at varying BAC 
levels. The insights gained from our review could have crucial implications for future driving 
experiments and AV technology design. 
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1. Introduction 
Driving under the influence of alcohol, such as drunk driving, constitutes a global public health 
crisis. In the United States alone, an average of 29 individuals lose their lives daily due to road 
traffic accidents involving intoxicated drivers (National Highway Traffic Safety Administration 
(NHTSA), 2022). Driving with a blood alcohol concentration (BAC) equal to or over 0.08 grams 
of alcohol per deciliter of blood (0.08 g/dL or 0.08%) is illegal in most states in the United States, 
except the state of Utah, where the limit is 0.05% (NHTSA, 2019). Despite the legal sanctions in 
place, people continue to drive after drinking alcohol; in fact, it was reported that drivers impaired 
by alcohol were responsible for 147 million instances of driving under the influence in 2018 
(Centers for Disease Control and Prevention, 2020). 

Alcohol may impair drivers’ perceptual, cognitive, and motor functioning, which are essential 
elements to consider within the framework of the Human Information Processing Model (Proctor 
& Van Zandt, 2018; Wickens et al., 2021). This model shows how the human mind processes 
information and how memories are stored and retrieved when performing tasks. Throughout the 
process, stimuli are first perceived by an individual (perception), then the perceived stimuli undergo 
cognitive processing (cognition), and finally, actions are executed (action). The effects of alcohol 
on human information processing have been investigated. Overall, various alcohol levels affect 
people differently, resulting in impaired judgment, muscle control, or vision (NHTSA, 2022). 
Elements in human information processing, such as perceptual speed (Tzambazis & Stough, 2000) 
or higher-order cognitive functioning, are negatively affected by alcohol consumption (Koelega, 
1995), and overall information processing is comprised of a chain reaction of impairments from 
early stages to later stages (Rohrbaugh et al., 1988). Specifically, for driving, it has been reported 
that alcohol could cause a delay in receiving perceptual information (perception), such as perceiving 
traffic signs or pedestrians, which then impairs cognition, such as speed estimation, and action, 
such as maintaining a consistent speed (Yadav & Velaga, 2020).  

For example, Yadav and Velaga (2020) conducted an experiment in simulated rural and urban 
environments at four different alcohol levels (0%, 0.03%, 0.05%, and 0.08% BAC), and used 
pedestrian crossings and road crossings by parked cars (a car and a truck) in the perpendicular 
direction of traffic) in the simulator to test crash probability. They found that the crash probability 
increased proportionally to the BAC level in both environments because alcohol delayed drivers' 
perceptions of sudden events, which contributed to factors that may influence speeding behavior 
(e.g., by measuring the mean speed). Similarly, drivers under the effect of alcohol may also 
experience difficulty in judging (cognition) and maintaining the driving speed (action). For 
instance, Harrison and Fillmore (2011) conducted an experiment in which participants were 
randomly assigned to one of four groups: (1) alcohol, (2) alcohol plus divided attention, (3) placebo, 
or (4) placebo plus divided attention. The first and third groups drove without the secondary task, 
and the researchers recorded the average speed during each test. They discovered that drivers' 
average speeds were significantly higher than their baseline data, and drunk drivers did not slow 
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down for the divided attention task, whereas sober drivers did. As a result of alcohol, drivers exhibit 
poorer perceptual, cognitive, and psychomotor abilities, which may worsen driving performance 
and unsafe driving conditions. According to NHTSA (2019), even BAC levels as low as 0.02% 
can impair alertness, inhibition, cognitive judgment, thinking speed, and coordination across all 
perception, cognition, and action phases of the information processing model.  

With the advancement of technology and growing public interest in autonomous vehicles (AVs), 
it is imperative to observe how the current understanding of drivers under alcohol’s influence may 
or may not transfer to AV use. AVs are categorized from Level 0—no automation—to Level 5—
fully autonomous (SAE International, 2021). AVs have the potential to support accident 
prevention, particularly for drivers under the influence of alcohol, by reducing the reliance on 
potentially impaired perceptual and cognitive processing as well as motor functioning. However, 
AVs are expected to remain between Levels 2 and 3 for a few decades (Hedlund, 2016; Kyriakidis 
et al., 2019), which require drivers to stay in the loop for possible requests to resume manual vehicle 
control (i.e., takeover) when the system can no longer perform the driving task. The takeover 
process involves the perception of a takeover request (TOR), cognitive processing of TOR and 
information in the external driving environment, and action through actual takeover and resumed 
manual driving (Huang & Pitts, 2022; SAE International, 2021), mirroring the information 
processing model. Therefore, alcohol’s effects can affect any takeover stage and may impact 
takeover performance, resulting in higher accident risk. In light of this, our study emphasizes the 
intersection of alcohol’s impacts with the dynamics of AVs during the takeover process. By 
adopting the information processing model, we aim to research its potential effects on both manual 
and automated driving safety. 

AVs can aid drivers and may promote road safety. However, the transition from manual to 
automated driving introduces unique challenges and opportunities. For instance, the takeover time 
in automated driving scenarios might differ from manual driving due drivers’ potential 
complacency or reduced vigilance. Understanding the nuances of alcohol's impact in this context 
is vital. Therefore, before putting drivers under the influence of alcohol behind the wheel in AVs, 
it is crucial to understand alcohol’s effects on drivers’ manual driving and automated driving 
takeover performance (e.g., response time to TOR, speed, and lane position control after resuming 
manual control). To date, no systematic review synthesizes the literature on how alcohol may 
impact drivers’ driving (takeover) abilities and performance. Therefore, this study performs a 
systematic review of alcohol’s effects on both manual and automated (takeover) driving 
performance and provides recommendations for improving the design of future vehicles.  

  



 

M I N E T A  T R A N S P O R T A T I O N  I N S T I T U T E  4 

2. Methods 
This review was conducted per the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) reporting guidelines (Moher et al., 2009). Eight databases were searched: 
SCOPUS, Web of Science, Engineering Village, ACM Digital Library, PsycINFO, Academic 
Search, PubMed, and TRID. All searches were completed in September 2021. The inclusion 
criteria include: publication years between 1980 and 2022; document type as either journal articles 
or conference proceedings; and written in English. The search syntax used was as follows: 
(“Intoxicat*” OR “Dr*nk*” OR “Under the influence” OR “Blood alcohol*” OR “Alcohol*” OR 
“Liquor” OR “Inebriate*”) AND (“Self-driv*” OR “Semi-autonom*” OR “Intelligent” OR 
“Automated*” OR “Autonomous*” OR “Autonomous car*” OR “Driv*” OR “Operat*” OR 
“Vehicle*” OR “Truck*” OR “Automobile*” OR “Off-roading*” OR “Farm vehicle*”). 

Of the 24,776 identified articles, 3,612 duplicates were removed (Figure 1). Two reviewers 
conducted initial screening separately to avoid reviewer bias. Articles were excluded if they were 
(1) not both alcohol and driving-related, (2) about other drugs’ effects, and/or (3) reviews (i.e., 
literature and scoping reviews or meta-analysis). Of 80 full-text articles, 31 were excluded, as they 
were non-experimental, testing driving-related skills (e.g., visual stimuli detection) but not actual 
driving performance. We found four additional articles from one of the 49 papers’ reference lists 
that met our criteria but were not included during the initial search. 

The final list comprises 53 full-text articles. Of these, all but one study conducted their driving 
performance tests in simulators, with the exception of Kearney and Guppy (1988) who carried out 
their experiment on a closed road section. We categorized the studies into five sections based on 
their primary focus and measures. Three of these sections were mapped according to the 
information processing model, encompassing perception, cognition, and action. The remaining 
two sections address predisposing factors and post-action effects. Naturally, there are descending 
effects of the earlier stage(s) in the models into the later stages, as each stage depends on the prior 
stage. The section addressing predisposing factors includes factors that influence how alcohol 
affects drivers, such as driving experience, drinking patterns, and road complexity. These are 
intrinsic (e.g., driving experience) and extrinsic (e.g., road complexity) factors that can create 
individual differences in drivers and/or the driving environment, exacerbating or mediating the 
effects of alcohol. Also, we grouped errors and accidents caused by driving under the influence of 
alcohol into a post-action section, as they are consequences of impaired driving following alcohol 
consumption. 
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Figure 1. PRISMA Flow Diagram Summarizing Search Process 
 

 

Figure 2. Information Processing Model with Added Factors from this Review 
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3. Results  
3.1 Predisposing Factors 

3.1.1 Driving experience 

Six articles investigate how driving experience influences driving behavior after alcohol 
consumption. Age and experience were found to impact driving performance under the influence 
of alcohol (Freydier et al., 2014; Jongen et al., 2018; Lenne et al., 1999; Y. C. Li et al., 2016; 
Quillian et al., 1999; Yadav & Velaga, 2019b). Specifically, Li et al. (2016) conducted a manual 
driving study with four drives at a speed of 50 mph with emergency stop braking and car following 
braking events, discovering that the standard deviation (SD) of the speed was higher in younger 
(18–24 years of age) drivers compared to middle-aged (25–54 years of age) and older drivers (55 
years of age or above). Additionally, Freydier et al. (2014) reported that novice drivers (i.e., less 
than two months and 5,000 km of driving experience) had higher vehicle position deviation under 
alcohol effects than experienced drivers (i.e., 3 years and more than 20,000 km of driving 
experience), which was supported by Lenne et al. (1999), who also found inexperienced drivers 
had a greater variation in lateral position than experienced drivers. In summary, older and more 
experienced drivers exhibited faster reaction time (RT), lower mean acceleration, and less mean 
brake pedal force after alcohol intake compared to younger or less experienced drivers.  

3.1.2 Drinking patterns 

Four articles compare manual driving performance among four types of drinkers: infrequent, 
frequent, binge, and non-binge drinkers (Bernosky-Smith et al., 2011; Y. C. Li et al., 2016; 
Marczinski et al., 2008; Yadav & Velaga, 2019b). Overall, frequent and binge drinkers had better 
driving performance. For example, Li et al. (2016) found in their study that frequent drinkers 
(twice or more per month) had faster breaking RTs than infrequent drinkers (less than twice per 
month) or non-drinkers (never). Yadav & Velaga (2019b) also observed that frequent drinkers (i.e., 
more than twice a week) had faster RT than infrequent drinkers (i.e., at most twice a week, varying 
between one to two times per week), which might be due to desensitization to alcohol effects. In 
studies examining binge and non-binge drinkers, participants were considered binge drinkers 
based on their scores (≥ 24) on the Alcohol Use Questionnaire (Mehrabian & Russell, 1978); binge 
drinkers, as per this criterion, reported less sedation, greater self-rated ability, and higher 
confidence to drive than non-binge drinkers at the same alcohol doses, measured by completing a 
visual analog scale and beverage rating scale (Bernosky-Smith et al., 2011; Marczinski et al., 2008). 

3.1.3 Road complexity 

Eight articles examined the effects of different road complexities on driving performance after 
alcohol consumption (e.g., varied traffic densities, straight or curved roads, and impoverished or 
normal environments) (e.g., Harrison et al., 2007; Ranney & Gawron, 1986; Vollrath & Fischer, 
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2017). Generally, complex roads (e.g., more traffic) resulted in increased speed variance and slower 
RTs for drivers under the influence of alcohol (Liu & Ho, 2007, 2010). Alcohol intake levels of 
0.03%, 0.05%, and 0.08% were shown to increase drivers’ mean speed in both urban and rural 
environments. However, crash frequency, measured by the probability of a crash occurring when 
the driver encounters hazardous events, such as pedestrian crossing or parked vehicles suddenly 
crossing the road (out of a sudden event), was higher in urban areas. Simpler rural environments 
evoked higher overall speeds than urban environments (Yadav & Velaga, 2020). In Ranney and 
Gawron’s (1986) experiment, 12 participants drove under three BAC levels (0.00%, 0.07%, 0.12%) 
in a driving simulator with low-demanding (viz., driving on curved roads) and high-demanding 
tasks (viz., driving to avoid obstacles). They found that alcohol-dosed drivers drove at faster speeds 
with slower RTs in low-demanding task scenarios compared to sober drivers (Ranney & Gawron, 
1986). Additionally, driving with higher BACs was associated with increased overall speed and 
standard deviation of speed compared to the placebo group on both straight and curved roads 
(Gawron & Ranney, 1988; Z. Li et al., 2019; Zhang et al., 2014). Interestingly, one study, which 
observed alcohol effects on driving in visually impoverished versus normal environments found 
that training drivers under the influence of alcohol (0.65 g/kg) on the driving task produced a 
driving performance that mirrored sober drivers’, indicating that training or experience may 
mediate alcohol’s effects at different levels of environment complexities, such as poor versus normal 
environments (Harrison et al., 2007).  

3.2 Perception 

3.2.1 Objective measures – Reaction time 

Although reaction belongs in the action phase as discussed below, impairments in reaction time 
due to alcohol begin at the perception phase, i.e., stage one of the information processing model. 
Based on the literature, alcohol-dosed drivers had delayed RTs to traffic signs, hazards, pedestrian 
crossing events, and the behavior of other vehicles on the road (Y.-C. Liu & Fu, 2007; Yadav & 
Velaga, 2019b; Zhong et al., 2014). For example, Liu & Fu (2007) performed a visual task for 
participants in high and low driving load conditions by switching the indicator to match the sign 
provided on the screen of the driving simulator under BACs of 0 mg/l (BAC = 0.00%), 
0.25 mg/l (BAC = 0.05%), 0.4 mg/l (BAC = 0.08%), and 0.5 mg/l (BAC = 0.10%). For each drive, 
two arrow signs were provided on the in-vehicle display four times. The participants' RTs to the 
signs were recorded. Longer RTs were found for the visual task under both high and low driving 
load conditions.  

3.2.2 Subjective measures – Perception of driving-related abilities 

Increased BAC levels resulted in lower perceived safety, higher intoxication, lower subjective 
driving ability, and higher drowsiness ratings (Brown et al., 2018; Landauer & Howat, 1983; 
Marczinski et al., 2008; Vollrath & Fischer, 2017; Weafer & Fillmore, 2012; Zhao et al., 2014). 
For example, Zhao et al. (2014) tested three levels (0.03%, 0.06%, 0.09%) of alcohol and one 
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control group without alcohol in a manual driving environment. They collected participants’ 
subjective ratings, including attitude, vigilance, attention, judgment, reaction, and ability to control 
the vehicle after each drive. The results showed that drivers’ perceived driving speed was affected 
linearly by their alcohol levels, with higher BAC levels correlating with lower self-perceived driving 
ability. Drivers also tended to underestimate their intoxication compared to their actual BACClick 
or tap here to enter text.. For instance, Weafer and Fillmore (2012) found that participants’ 
self-reported BAC levels, measured by the visual analog scale (i.e., willingness to drive and 
subjective intoxication), were lower than their actual BAC levels.  

3.2.3 Physiological measures – Eye metrics 

Two articles measuring a driver’s eye movement found that alcohol-dosed drivers had longer eye 
fixation durations, lower total fixations, and higher blink rates compared to drivers in the placebo 
group (Chen et al., 2019; de Blasiis et al., 2020). Specifically, de Blasiis et al. (2020) used a virtual 
reality driving simulator to track participants’ blink rates, finding that alcohol-dosed drivers had 
higher blink rates than sober drivers, indicating increased fatigue. Additionally, Chen et al. (2019) 
measured the physiological performance of 16 novice male drivers (with licenses held for less than 
a year) while under the influence of alcohol. Participants were divided into two groups: placebo 
and high alcohol dose (1g/kg). The simulated driving environment was divided into 12 areas to 
test the driver's eye movement in different areas of interest. They discovered that the total fixation 
duration of different areas in the alcohol group was shorter than the placebo group on straight, 
curved, and intersection roads. This suggests that alcohol affects the driver's attention on the road, 
which may cause safety issues. The findings that alcohol affects drivers’ visual scanning behavior 
and increases fatigue indicate that alcohol limits the amount and quality of environmental stimuli 
drivers perceive from the driving environment. 

3.3 Cognition 

3.3.1 Objective measures – Divided attention task performance 

BAC has a positive relationship with RT to off-road events that may divide drivers’ attention (Liu 
& Ho, 2010; Rakauskas et al., 2008). Rakauskas et al. (2008) examined the effects of alcohol on 
drivers’ divided attention abilities. In this study, participants performed secondary tasks (e.g., 
searching for specific information on the car dashboard or having hands-free cell phone 
conversations) while manually driving. The result indicated that under the influence of alcohol, 
the standard deviation of steering wheel position and lane position was more affected than it was 
for drivers who were dosed with the placebo.  

3.3.2 Physiological measures – Decision-making, memory, and cognitive load 

Four articles measure driver’s physiological measures, such as brain activity and heart rate related 
to cognition, after alcohol intake and discovered that alcohol consumption negatively affects 
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decision-making, memory, and cognitive load (A. J. Allen et al., 2009; Calhoun et al., 2004; Meda 
et al., 2009; Subramaniyam et al., 2018). Specifically, analysis of functional magnetic resonance 
imaging (fMRI) readings revealed changes in brain regions managing inhibition, decision-making, 
or memory, such as the frontal and prefrontal cortex, amygdala, hippocampus, and para-
hippocampus in response to a BAC level of 0.10% (e.g., Meda et al., 2009). Similarly, Calhoun et 
al. (2004) found activation changes in the orbitofrontal and anterior cingulate cortices that manage 
decision-making and memory after drinking alcohol. Additionally, alcohol-dosed drivers showed 
decreased alpha and increased theta power frequency in the frontal and occipital lobes in 
electroencephalogram signals, indicating increased drowsiness after alcohol consumption 
(Subramaniyam et al., 2018), which may also impact cognitive performance, such as by decreasing 
thinking speed and decision-making ability (Kearney & Guppy, 1988). One article also measured 
drivers’ heart rates during the experiment by using electrocardiogram analysis, finding that drivers 
experienced a significant increase in heart rate with an increase in BAC, which may imply 
heightened cognitive load or increased stress under the influence of alcohol (Subramaniyam et al., 
2018). 

3.4 Action 

3.4.1 Objective measures – Driving performance 

Eleven articles test the influence of alcohol on RT to different stimuli (i.e., actions such as the time 
from the stimuli to stepping on brake pedals) while driving (e.g., Flanagan et al., 1983; Harrison 
& Fillmore, 2011; Zhong et al., 2014). As described in Section 3.2, these studies found that RT 
increases linearly with higher BAC levels (Liu & Ho, 2007; Ou et al., 2010; Zhao et al., 2014). 
The impairments in the perception and cognition stages (i.e., the inability to detect and process 
information in the driving environment, such as traffic signs and hazards) manifested in the action 
stage, where alcohol-impaired drivers exhibited delayed RT. Findings in braking behavior 
indicated that alcohol-dosed drivers had a delayed time to brake (Harrison & Fillmore, 2011; 
Leung et al., 2012; Ou et al., 2010; Yadav & Velaga, 2019a; Zhong et al., 2014) and stepped on 
the pedal with greater force to compensate for the time lost (Ou et al., 2010; Vollrath & Fischer, 
2017), which may be attributed to poorer motor control. Zhong et al. (2014) employed three levels 
of alcohol consumption for participants: light (20% of subjective max alcohol to drink (SMAD)), 
moderate (60% of SMAD), and heavy (100% of SMAD). They found that light and heavy alcohol 
consumption led drivers to decelerate less to avoid collisions, while moderate consumption led to 
more frequent deceleration compared to the placebo group (Zhong et al., 2014). Additionally, 
even at a peak BAC of 0.08%, alcohol affected speed deviation, which measures the amount of 
adjustment that the driver makes to maintain a desired speed (Marczinski et al., 2008), showing 
that drivers at legal limits are still unable to stably control vehicle speed. Alcohol-dosed drivers 
were also found to exceed speed limits more frequently than sober drivers (Flanagan et al., 1983; 
Mets et al., 2011; Subramaniyam et al., 2018; Zhong et al., 2014). As mentioned in the cognition 
section, this speeding impairment can be attributed to poorer judgment of speed after alcohol 
intake (Kearney & Guppy, 1988). 
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Fifteen articles mention how alcohol affects drivers’ ability to control vehicle positioning; they 
indicate that alcohol increased lane deviation, lane positioning standard deviation, lateral position 
error, road departure distance, and steering errors (Bragg & Wilson, 1980; Charlton & Starkey, 
2013; Jongen et al., 2018; Kenntner-Mabiala et al., 2015; West et al., 1993). For example, 
increased BAC levels were associated with higher lane deviation, a larger standard deviation of 
lane positioning, more lateral position errors, more lane line crossings, and higher road departure 
distance and time (e.g., Charlton & Starkey, 2013; Gawron & Ranney, 1988; Howland et al., 
2011; Marczinski et al., 2008; Meda et al., 2009; Zhao et al., 2014). Additionally, drivers made 
more steering errors (i.e., vehicle positioning relative to the curve center or calculated ideal curve) 
after consuming alcohol compared to the placebo group, even at a BAC as low as 0.02% (Jongen 
et al., 2018; Rimm et al., 1982; Verster et al., 2009). Errors may arise from excessive steering 
intensity adjustments as a result of the increased speed with which alcohol-impaired drivers 
approach curves (Ou et al., 2010). Additionally, exaggerated steering responses to road hazards 
have been observed among intoxicated drivers in comparison to their sober counterparts (R. W. 
Allen et al., 1996; Starkey & Charlton, 2014; West et al., 1993). 

3.4.2 Physiological signals - Brain activity 

In addition to revealing that alcohol impairs decision-making and cognitive abilities, fMRI studies 
have demonstrated the effects of alcohol on brain regions associated with motor function. Three 
studies analyze fMRI readings during manual driving tasks and compare them to driving behaviors 
(e.g., reaction time) to identify trends in brain activation across different neural networks (Allen 
et al., 2009; Calhoun et al., 2004; Meda et al., 2009). They found that alcohol significantly impacts 
brain regions responsible for motor function. The participants’ brain activity was scanned after 
they received an alcohol dosage by using an fMRI scanner. The results showed that fMRI signals 
in the primary motor cortex and supplementary motor area were impacted by different alcohol 
dosages (0.04% and 0.08% BAC) compared to the placebo group, suggesting impaired motor 
control and error correction abilities (Calhoun et al., 2004). 

3.5 Post-Action Consequences 

Nine experiments measured the frequency of driver errors and accidents after alcohol consumption. 
The findings indicate that drivers exhibit an alcohol dose-dependent increase in error frequency, 
such as steering error detected by software (Allen et al., 1996; Landauer & Howat, 1983; Rimm 
et al., 1982; Starkey & Charlton, 2014; Verster et al., 2009), and increased frequency of accidents 
or collisions with hazards and obstacles, including having to stop or reposition the vehicle 
(Berthelon & Gineyt, 2014; Flanagan et al., 1983; Gawron & Ranney, 1988). For example, Rimm 
et al. (1982) observed more braking and steering errors in a driving simulator after drivers drank 
alcohol. Furthermore, alcohol can lead to more aggressive driving behaviors, such as an increased 
number of cars passed (McMillen & Wells-Parker, 1987). 
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3.6 Alcohol Effects on AV Takeover Performance 

Only two articles investigate alcohol effects in the context of automated driving, reporting that RT 
and driving performance metrics, such as SD of lane positioning (SDLP) and SD of speed, were 
all positively related to BAC levels. Specifically, Berthelon & Gineyt (2014) used four BAC levels 
(0%, 0.03%, 0.05%, 0.08%) to assess automated and controlled driving performance. The study 
measured automated driving parameters, such as lateral and longitudinal control (e.g., speed 
control and lane-keeping control), which are commonly used in Level 1–2 automated vehicles. 
The driving environment encompassed three scenarios varying in road complexity (viz., a highway 
without traffic, a car-following scenario, and an urban environment with other vehicles but no 
interaction). Their findings indicate that certain automated driving parameters, such as SDLP, 
varied in relation to alcohol levels, with the largest SDLP observed at a BAC of 0.08% (the highest 
BAC level in the study). Additionally, RT to braking and the number of crashes in response to 
specific events in the urban scenario were found to be less affected by the level of alcohol in the 
system. As a result, the study concluded that alcohol consumption influenced different aspects of 
automated driving performance, with some parameters being more sensitive than 
others. Wiedemann et al. (2018) tested three different BAC levels (0%, 0.05%, 0.08%) in a 
conditionally automated driving simulator, where the driving system provided longitudinal, lateral, 
and constant speed control (Level 3). The experiment features seven different takeover events 
based on real-life driving scenarios, such as pedestrian crossing. Takeover performance was 
measured using takeover time and responses to auditory (the sound of speech saying “take over”) 
and visual (a picture of hands grabbing the steering wheel and a message box with "take over") 
takeover requests. The results indicate that higher BAC levels correlated with longer takeover 
times, which is consistent with the findings from the manual driving studies included in this review.  

Both studies present the effects of alcohol on various aspects of automated driving, from lane 
positioning to takeover times. In synthesizing these studies, it becomes evident that while the 
overarching effects of alcohol on driving are well-documented, its specific implications in 
automated driving remain unclear and require more exploration.  
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4. Summary & Conclusions  
Fifty-three articles were reviewed for this study that discuss the effects of alcohol on manual driving 
and automated driving conditions. They were categorized based on the information processing 
model and two other factors that may also impact driving performance. In general, the articles 
demonstrate that alcohol affects various aspects of driving performance, which increases the risk 
to road safety. 

Findings from the review showed that alcohol consumption could impact all three stages of the 
human information processing model, although experienced drivers and frequent drinkers may be 
less affected by alcohol. However, alcohol's effects on perception, cognition, and actions can all 
pose potential risks to driving, as evidenced by various physiological metrics such as eye movements, 
brain activity, and heart rate. Consequently, driving under the effect of alcohol presents numerous 
risks in manual driving, as it exhibits negative effects across all stages of the information processing 
model, increasing the likelihood of traffic accidents. Similarly, in the context of takeover models, 
alcohol can influence perception and cognition, leading to different takeover actions. While there 
are limited studies on the effects of alcohol on AV drives, the findings from manual driving studies 
align with those observed in AV drives. Since current AVs still rely on human drivers to take 
control when necessary, further studies are needed to examine the impact of different BAC levels 
on takeover performance in AVs. 

In many studies, researchers examined different BAC levels, including light, moderate, and heavy, 
and found varying effects on driving performance. Although lower BAC levels (light) may have a 
minimal or low impact on driving performance, moderate and heavy alcohol consumption have 
been shown to affect the driver's ability to control the vehicle, such as driving speed or maintaining 
a consistent speed. It is important to note that the definitions of low, moderate, and heavy alcohol 
levels and the measurement units varied across the reviewed articles, including different alcohol 
percentages or grams per deciliter (g/kg). For future studies, establishing consistent measurement 
standards and units is critical. 

With reference to the findings above, the following recommendations can be made: (1) There is a 
new car invention called an ignition interlock device, which requires drivers to blow into the device; 
the car will unlock if the BAC level is less than the set limit. This is recommended to be installed 
in vehicles to help detect alcohol consumption. (2) Since driving performance can be affected by 
all three stages in the information processing model, an in-car alert system will help alert drivers 
about the driving conditions at the starting stage (perception). (3) Following the cognition stage, 
a well-designed human-machine interface can assist drivers in better processing incoming 
information and quickly filtering out unusable information. (4) Finally, a reliable automated 
driving support system can give crucial real-time feedback to the driver, such as a tactile signal 
from the steering wheel or the driver’s seat.  
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