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Abstract 21 

Objective: The aim of this work is to assess how drivers adapt their driving speed as a self-22 

regulation mechanism when driving under the influence of alcohol (DUIA), and the influence of 23 

alcohol consumption, visual performance, road complexity, and personal traits. 24 

Method: Thirty one volunteers took part in the study. All of them underwent three experimental 25 

sessions: Baseline (no alcohol), Alcohol 1 (low-moderate dose), and Alcohol 2 (moderate-high 26 

dose). Vision was tested by means of contrast sensitivity and retinal straylight. Driving 27 

performance was assessed using a driving simulator. The difference between the driving speed and 28 

the speed limit was calculated in 10 road scenarios of different complexity.  29 

Results: Drivers adapted their driving speed less (i.e., drove faster) in Alcohol 1 condition 30 

compared to Alcohol 2 (p = 0.007). This indicate that participants felt more confident under the 31 

influence of a low-moderate dose of alcohol. Participants with better contrast sensitivity drove 32 

faster (p = 0.021). The complexity of the road and other factors such as driving experience, gender, 33 

or DUIA frequency, also influenced speed choice. 34 

Conclusions: Drivers under the influence of a low-moderate dose of alcohol seem to be less aware 35 

of the risk. Contrast sensitivity is a good predictor of the speed choice when DUIA. A better 36 

understanding of drivers’ behavior under the influence of substance use may be useful to adjust 37 

and improve the traffic laws and driving regulations. 38 

 39 

Keywords: alcohol use, driving speed, driver self-regulation, contrast sensitivity, road 40 

complexity. 41 

 42 



1. Introduction 43 

Driving under the influence of alcohol (DUIA) is one of the main causes of road accidents. 44 

According to the National Highway Traffic Safety Administration (NHTSA) of the United States 45 

Department of Transportation, drunk driving is involved in about 31% of all traffic crash fatalities 46 

in the US, concerning blood alcohol concentrations (BACs) over the legal limit for driving in this 47 

country (i.e., over 0.08%) (NHTSA, 2021). In fact, a direct relationship has been established 48 

between the BAC level and the risk of fatal road accidents (Martin et al., 2017; Voas et al., 2012; 49 

Zador et al., 2000).  50 

Driving in a dynamic environment is a complex task that requires the correct integration of 51 

different motor, cognitive and perceptual functions. Alcohol negatively affects almost all the 52 

psychophysical capabilities necessary for safe driving, including vision, which is responsible for 53 

over 90% of the sensory information received by the driver. In this sense, it seems that some visual 54 

functions, particularly those related to binocular vision like eye movements or vergences, 55 

deteriorate for low BAC levels (Cohen & Alpern, 1969; Goebel et al., 1995; Miller, 1991), while 56 

other such as visual acuity or contrast sensitivity are only affected for high BACs (Casares-Lopez 57 

et al., 2020; Hill & Toffolon, 1990; Watten & Lie, 1996). Although these visual functions are 58 

involved in driving safety, not all of them are included in the standardized driver visual assessment 59 

tests. Such is the case with contrast sensitivity, which has been found to be a good predictor of 60 

driving performance (Ortiz-Peregrina et al., 2021; Wood, 2002; Wood & Owens, 2005). 61 

So, when vision is impaired, driving abilities could be affected as well. In this regard, it has 62 

been observed that visual impairment resulting from alcohol use is associated with a deterioration 63 

of the abilities related with driving performance, such as lane keeping, steering behavior or 64 

potential hazard detection (Casares-Lopez et al., 2020; Martino et al., 2021). When cognitive, 65 



sensorial and motor skills are impaired, drivers tend to adopt a dynamic strategy, known as driver 66 

self-regulation, to compensate for the loss of these abilities. Self-regulation practices provides 67 

information about driver’s self-confidence when facing a driving situation. In case of impaired 68 

vision, the most common compensatory mechanisms adopted include a reduction of speed, along 69 

with other visual tactical mechanisms, as is the increase of fixations and scanning of the driving 70 

scene (Patterson et al., 2019; Wood & Troutbeck, 1992). However, when it comes to substance 71 

use, the use of such strategies is not clear. Given that alcohol is a neurodepressant and reduce the 72 

responsiveness of drivers to road hazards, drivers could adopt certain strategies that make them 73 

feel safer. Even so, the use of these strategies may become more complex when DUIA, since 74 

alcohol also impairs the ability to recognize the risk of the task. Thus, different approaches have 75 

been observed according to the literature. Some authors hold that drivers under the influence of 76 

alcohol often underestimate the negative effects of alcohol on driving (Liu et al., 2021); 77 

consequently, a lack of strategies or even a reckless behavior is observed in this situation. On the 78 

other hand, a different approach states that drivers reduce their speed as a compensatory strategy 79 

when their visual attention is impaired, since they are aware of the danger (Wood & Troutbeck, 80 

1992). As a result, it is not clear whether driving speed is affected by alcohol consumption 81 

according to the literature. Most variables related to driving speed (mean speed, maximum speed, 82 

acceleration or time taken to complete the route) has shown to be insensitive to behavioral changes 83 

induced by alcohol consumption. A review on this topic concluded that mean speed is unaffected 84 

by alcohol consumption, but other variables, such as the standard deviation of speed, seem to be 85 

more sensitive (Irwin et al., 2017). Charlton and Starkey (2015) observed that participants drove 86 

longer over the speed limit only for high alcohol doses (0.08%). Similarly, for high alcohol doses, 87 



other authors found an increase in the mean speed, but only in low-complexity scenarios (Vollrath 88 

& Fisher, 2017; Martino et al., 2023). 89 

Although driver self-regulation can be practiced at different levels (e.g., avoiding driving, 90 

particularly in hazardous situations like substance use) (Gwyther & Holland, 2012; Okonkwo et 91 

al., 2007), there is little information about strategies related to operational control when driving 92 

under the influence of psychoactive substances (e.g. overcorrecting the position of the vehicle or 93 

reducing the speed). On this matter, a previous study on driver self-regulation mechanisms of 94 

drivers under the influence of cannabis revealed that cannabis use did not result in self-regulation 95 

practices (Ortiz-Peregrina et al., 2023).  96 

On the other hand, the interpretation of the observations related to alcohol impairing effects 97 

becomes more entangled, for there are many factors involved. Consequently, even though most 98 

studies point toward a deterioration of driving skills after consuming alcohol, results are not 99 

uniform. That is because the observed effects depend on the BAC level and, at the same time, the 100 

BAC rely on other factors (gender, age, body mass or drinking habits) that interact to induce a 101 

certain degree of impairment (Jones & Holmgren, 2009; Maudens et al., 2014; Thomasson, 2002). 102 

Also, driving performance is influenced by different factors that determine the quality of the 103 

driving and the risk of crashing, like driver’s ability and experience, or the road environment. 104 

Particularly, the complexity of the road has been demonstrated to have a strong impact on driving 105 

performance. In this sense, it has been stated that curved roads and the presence of increased traffic 106 

flow lead to a further reduction of speed (Ortiz-Peregrina et al., 2023; Oviedo-Trespalacios et al., 107 

2020). Also, in previous studies it has been shown that driving abilities are more impaired by 108 

alcohol when the characteristics of the road are more complex (Casares-Lopez et al., 2020; Vollrath 109 

& Fischer, 2017). 110 



Given the important impact of these driver self-regulation mechanisms on road safety, and 111 

the lack of consistency regarding the results on the influence of alcohol on driving speed, the aim 112 

of this study was to analyze how drivers adapt their speed under the effects of alcohol, and the 113 

impact of different factors on self-regulation of driving speed. For that, the influence of alcohol 114 

consumption itself, visual performance, other personal traits (gender, driver’s experience or the 115 

DUIA frequency), and the complexity of the road environment, was assessed.  116 

 117 

2. Methods 118 

2.1 Participants  119 

A total of 31 volunteers (16 females and 15 males according to their biological sex) were 120 

enrolled in the study (ages 20 to 49 years). Participants were informed about the procedures and a 121 

signed consent according to the Declaration of Helsinki was obtained from each of them. The 122 

inclusion criteria comprised: being a social drinker, being a regular driver with a valid driving 123 

license, not suffering from ocular pathologies, and not consuming drugs that could affect vision. 124 

In order to discard alcohol-related disorders, participants took the Alcohol Use Disorders 125 

Identification Test (AUDIT), obtaining a score of 8 or less (Babor et al., 2001). All the procedures 126 

described in this study were prospectively approved by the University of Granada Ethics Research 127 

Committee (921/CEIH/2019).  128 

2.2 Visual assessment 129 

Vision was assessed binocularly and monocularly when possible. For the monocular 130 

measurements, one eye was selected at random (Armstrong, 2013). 131 

Contrast sensitivity (CS) was evaluated at 3 m under monocular and binocular viewing 132 

conditions with the Pola Vista Vision contrast sensitivity test (DMD MedTech, Villarbasse, Torino, 133 



Italy). The test consists of sinusoidal grids with three possible orientations: right, left, or center. 134 

Eight different contrast levels were tested for six spatial frequencies (0.75, 1.5, 3, 6, 12, and 18 135 

cycles per degree (cpd)).  136 

The forward scattered light affecting retina, known as intraocular straylight (s), was tested 137 

under monocular viewing conditions using the C-Quant straylight meter (Oculus, Optikgeräte 138 

GmbH, Germany). This device provides the logarithm of the straylight (log(s)), a parameter that 139 

quantifies the veiling luminance over the retinal image resulting from the scattered light in the 140 

optical media (van den Berg, 2017). For that, the C-Quant employs the compensation comparison 141 

method (Coppens et al., 2006).  142 

2.3 Driving performance 143 

Driving performance was assessed using a fixed-base driving simulator with three high-144 

definition 27-inches screens, along with the software Simax Driving Simulator v.4.0.8 Beta 145 

(SimaxVirt S.L., Pamplona, Spain). More information about the simulator can be found elsewhere 146 

(Ortiz et al., 2018). Participants had to complete a 12.5 km route, driving through three different 147 

road types: 1) a 4.5 km dual carriageway with two lanes in each direction, 120 km speed limit (SL), 148 

and mainly straight layout; 2) a 4.7 km mountain road with one lane in each direction, 40 and 90 149 

km/h SL, and winding layout; 3) a 3.3 Km inner-city circuit with 40 and 50 km/h SL, and parked 150 

cars in some segments of the circuit. A total of 10 scenarios were selected across the route, featuring 151 

different characteristics resulting from varying combinations of road geometry (which refers to 152 

road layout and the presence/type of slope) and traffic complexity (including the presence of 153 

oncoming cars or other vehicles) (Ortiz-Peregrina et al., 2020). The characteristics of each scenario 154 

are represented in Figure 1. A representative length of 100 m was selected in each scenario for 155 

analyzing driving performance. 156 



From the 12.5 km general route and from each scenario, the speed adaptation was calculated 157 

as the difference between SL and the driving speed. This parameter provides information about the 158 

self-regulation of driving speed, indicating if drivers feel more or less confident when driving in a 159 

road scenario with specific characteristics (Oviedo-Trespalacios et al., 2017). Therefore, negative 160 

values of this variable indicate that the driving speed was higher than the SL, and positive values 161 

indicate that participants drove below the SL. 162 

2.4 Alcohol administration and procedure 163 

The alcohol selected for the study was a red wine (13.5 % of alcohol) to create an 164 

environment as similar as possible to real-life social drinking. Alcohol administration protocol was 165 

established based on previous studies that have used wine as alcoholic beverage (Casares-Lopez et 166 

al., 2020; Castro et al., 2014; Munsamy et al., 2016). All participants completed three randomized 167 

experimental sessions: a session with no alcohol consumption (baseline), a session after the intake 168 

of 300 ml of red wine (Alcohol 1, 32.4 g of alcohol approximately), and a session after the intake 169 

of 450 ml of red wine (Alcohol 2, 48.6 g of alcohol approximately). These experimental sessions 170 

were preceded by a training session in which participants learned how to use the driving simulator. 171 

Alcohol intake was controlled and took place at the laboratory 2h after lunch (between 4pm and 172 

8pm) over a 40-min period (Casares-Lopez et al., 2020; Casares-Lopez et al., 2022).  173 

In the baseline session, the breath alcohol concentration (BrAC, mg/l) was measured before 174 

starting the assessment of vision and driving performance using the Dräger Alcotest 6820 breath 175 

analyzer (Dräger Safety AG & Co. Lübeck, Germany) to ensure that no alcohol was present in the 176 

body. In the experimental sessions with alcohol consumption (Alcohol 1 and Alcohol 2), the device 177 

was used 30 minutes after finishing the dose to measure the BrAC reached. Three measurements 178 

were made during the experimental session to ensure that the BrAC stayed steady (BrAC level ± 179 



0.05 mg/l). The three BrAC values obtained were then averaged to get a single BrAC value for 180 

each participant.  181 

2.5 Statistical analysis 182 

The software SPSS V.26 (SPSS Inc., Chicago, IL) was used to perform the statistical 183 

analysis. The normality of the data was tested with the Shapiro-Wilk test. To compare the visual 184 

variables (CS and log(s)) and the speed adaptation in the three experimental conditions (baseline, 185 

Alcohol 1 and Alcohol 2), a Friedman test was performed, since normality could not be assumed. 186 

In addition, a generalized linear mixed model (GLMM) with repeated measures (road scenarios 187 

during the three experimental conditions) was performed to analyze the influence of different 188 

factors on the speed adaptation (self-regulation of speed). For that, different driver characteristics 189 

(driving experience, driving frequency, DUI-alcohol frequency, subjective perception of the 190 

influence of alcohol on driving performance and the biological sex), road features (road scenario), 191 

and the experimental condition (baseline, Alcohol 1, and Alcohol 2) were selected as factors, and 192 

the AUDIT score and the contrast sensitivity were selected as covariates. The significance level 193 

was set at 95% for all tests (p<0.05). 194 

 195 

3. Results 196 

3.1 Personal traits, visual function, and driving performance in the general route 197 

The demographic data of the sample are represented in Table 1. The mean score for driving 198 

experience indicates that most of them had more than 5 years of experience. The mean driving 199 

frequency showed that most of the participants (20 in total) had driven between 500 and 5000 km 200 

in the last year. When they were asked about the driving frequency under the influence of alcohol 201 

(DUI-Alcohol- frequency) in the past 12 months, most of them indicated that they had never driven 202 



in such circumstances. Finally, with regard to the subjective perception about the impairment when 203 

DUI-Alcohol, almost half of the participants thought that their driving skills were affected “quite 204 

a lot”. 205 

The mean BrAC of the sample in Alcohol 1 condition was below the legal limit for 206 

driving in Spain and most of the countries worldwide (0.25 mg/l), while the mean BrAC in 207 

Alcohol 2 condition was above the legal limit (Table 2). Considering the visual function, the 208 

monocular and binocular contrast sensitivity were reduced following alcohol consumption 209 

(χ2(2)=26.50; p<0.001 and χ2(2)=21.87; p<0.001, respectively), in such a way that significant 210 

differences were observed between baseline condition and Alcohol 1 and Alcohol 2 conditions 211 

(Table 2). Similarly, as shown in Table 2, the straylight increased under the influence of alcohol 212 

(χ2(2)=30.06; p<0.001), being such differences significant when comparing the baseline 213 

condition to Alcohol 1 and Alcohol 2 conditions. Regarding driving performance, the speed 214 

adaptation was different in the three experimental conditions (χ2(2)=8.295; p=0.016). In 215 

Alcohol 1 condition, the speed adaptation was more positive than in baseline condition, 216 

indicating that participants drove faster under the influence of a low dose of alcohol. For 217 

Alcohol 2, however, the speed adaptation was more negative, thus indicating that participants 218 

slowed more for a moderate-high dose of alcohol with respect to baseline condition and Alcohol 219 

1 condition. Differences were significant when comparing Alcohol 1 to Alcohol 2 condition, as 220 

indicated in Table 2.  221 

3.2 Speed management in different road scenarios 222 

Figure 2 shows the mean value and SD of the speed adaptation for each road scenario in 223 

the three experimental conditions. As can be observed in Figure 2.a (speed adaptation in the dual 224 

carriageway), participants drove faster, above the speed limit of 120 km/h, in the scenario 1 (dual 225 



carriageway, straight). In scenario 2 (dual carriageway, slight bend), the speed adaptation values 226 

indicate that drivers slowed down their speed, driving under 120 km/h. No differences were 227 

observed in self-regulation of speed between the different experimental conditions (baseline, 228 

Alcohol 1, and Alcohol 2) in scenarios 1 (χ2(2)=1.059; p=0.589) and 2 (χ2(2)=2.538; p=0.281).  229 

In the mountain road, for scenarios 3 and 4 (speed limit 90 km/h), participants drove at a 230 

speed below the limit (Figure 2.b). In scenarios 5 and 6 (speed limit 40 km/h), participants drove 231 

slightly below the limit. In the straight segments with speed limits of 40 and 90 km/h (scenarios 3 232 

and 5), participants self-regulated more for speed in Alcohol 2 condition compared to Alcohol 1, 233 

but differences were not significant (χ2(2)=2.600; p=0.273 and χ2(2)=0.521; p=0.771). In the sharp 234 

bend segments (scenarios 4 and 6), participants drove faster for both speed limits in Alcohol 2 235 

condition compared to Alcohol 1 and Baseline (Figure 2.b), being such differences significant in 236 

scenario 4 (χ2(2)=6.269; p=0.044), but not in scenario 6 (χ2(2)=5.000; p=0.082). As shown in 237 

Figure 2.b, in scenario 7, participants drove slower in Alcohol 2 condition compared to baseline 238 

and Alcohol 1 conditions, but in Alcohol 1 condition, participants drove faster than in baseline 239 

condition (χ2(2)=3.042; p=0.213). In scenario 8, participants drove below the speed limit only in 240 

Alcohol 2 condition, but differences with respect to baseline and Alcohol 1 conditions were not 241 

significant (χ2(2)=3.042; p=0.218). 242 

Finally, in the inner-city (scenarios 9 and 10), participants drove above the speed limit of 243 

50 km/h, particularly in scenario 10, the segment with no parked cars around (Figure 2.c). In both 244 

scenarios, participants in Alcohol 2 condition drove slower than in the baseline and Alcohol 1 245 

conditions, but not significantly (χ2(2)=0.118; p=0.943 and χ2(2)=0.622; p=0.733, respectively). 246 

3.3 The influence of alcohol use, road complexity, and personal traits 247 



A generalized linear mixed model (GLMM) was performed to analyze the influence of 248 

different factors on the speed adaptation (self-regulation of speed). The GLMM had a total of 930 249 

data points: 32 subjects x 3 conditions x 10 scenarios. The results of this analysis are shown in 250 

Table 3. Regarding the experimental condition, a significant effect was observed, indicating that 251 

participants in Alcohol 2 condition slowed down more than in the baseline and Alcohol 1 252 

conditions. The road scenario also had a significant influence on the speed adaptation; according 253 

to the estimates, in scenarios 1 and 2 (dual carriageway), participants drove slower than in the 254 

reference category (scenario 10). Also, in scenarios 5, 6, and 8 (mountain road), which presented 255 

more curves and slopes, participant drove slower. Finally, participants also slowed down more in 256 

scenario 9, corresponding to inner-city circuit (just like the reference category, scenario 10), since 257 

parked cars were present in this scenario.  258 

The driving experience also was a significant predictor of the driving speed, indicating that 259 

less experienced drivers drove faster. Contrary, the driving frequency had no significant influence 260 

on driving speed. The DUI-Alcohol frequency also influenced how drivers regulated their speed, 261 

in such a way that participants who drove once under the influence of alcohol in the last year, drove 262 

slower than those who drove thrice under these conditions. Their subjective perception about how 263 

alcohol affects driving also predicted the self-regulation of speed, indicating that participants who 264 

though that drinking alcohol does not affect driving at all, drove faster than those who are more 265 

aware about the negative influence of alcohol on driving. The drinking habits, assessed by means 266 

of the AUDIT, showed a significant influence on the speed adaptation, in such a way that 267 

participants with higher scores (a more frequent use of alcohol) slowed down more.  268 

With respect to visual function, binocular contrast sensitivity (CS) was a significant predictor 269 

of the driving speed, with higher values of CS being associated to higher speeds. Finally, when 270 



addressing the influence of biological sex, a significant effect was observed, indicating that males 271 

drove faster. 272 

 Discussion 273 

The purpose of this study was to assess the impact of alcohol intake (two different doses) 274 

on self-regulation of driving speed, as well as the influence of different factors (including alcohol 275 

consumption and visual function) on speed management. First, we assessed the how vision 276 

changed under the influence of alcohol, particularly contrast sensitivity and retinal straylight. 277 

These two visual functions are related, since intraocular scattered light reaching retina (responsible 278 

for the retinal straylight) causes a deterioration in image contrast (van den Berg, 2017). In this 279 

sense, it has been reported that, in the presence of forward scattered light, contrast sensitivity 280 

deteriorates (Palomo-Alvarez & Puell, 2015; Puell & Palomo-Alvarez, 2017). Visual outcomes 281 

indicated a deterioration of contrast sensitivity (monocular and binocular) following alcohol 282 

intake, which was greater for the highest amount of alcohol (Alcohol 2). Similar results have been 283 

reported before, particularly for high alcohol doses (Casares-Lopez et al., 2020; Pearson & 284 

Timney, 1998). Alcohol is a psychoactive substance that affects the autonomic nervous system, 285 

which control multiple visual functions, such as the accommodation process and the pupil size 286 

(Gilmartin, 1986; McDougal & Gamlin, 2015). Also, alcohol interferes with the optic nerve and 287 

the parvocellular pathway, which has been suggested to be responsible for the deterioration of the 288 

contrast sensitivity for low and high spatial frequencies, respectively (Zhuang et al., 2012). On the 289 

other hand, retinal straylight, due to the intraocular scattered light, increased following alcohol 290 

consumption, particularly for Alcohol 2 condition. Alcohol is known to alter the stability of the 291 

tear film. It has been suggested that these changes in the tear film, along with an increase of the 292 

pupil size, may be responsible for the deterioration of the retinal image quality and the increase of 293 



the intraocular scattering (Castro et al., 2014). Similarly, other authors have reported before an 294 

increase of night vision disturbances and intraocular scattering under the influence of alcohol, 295 

especially when the BrAC level is above the legal limit for driving (0.25 mg/l) (Casares-Lopez et 296 

al., 2021; Castro et al., 2014).  297 

Regarding driving performance, we found that participants adapted their driving speed 298 

more under the influence of a high amount of alcohol (Alcohol 2) compared to a lower amount of 299 

alcohol (Alcohol 1), but no differences were observed with respect to baseline condition. The 300 

influence of alcohol on other metrics related to driving speed, particularly lane keeping, is well 301 

established; lane keeping is one of the most sensitive variables to alcohol intake, in such a way 302 

that the distance driven outside the lane increase for low, high and moderate doses (Berthelon & 303 

Gineyt, 2014; Casares-López et al., 2020; Charlton & Starkey, 2015). The impact of alcohol on 304 

speed management, however, is not that clear. It has been shown that slowing down driving speed 305 

is a behavior often adopted as a compensatory mechanism when drivers feel less confident, which 306 

would indicate that participants under the influence of moderate-high BrAC levels would feel more 307 

unsafe than when driving under the effects of low-moderate BrAC levels. Even though a higher 308 

alcohol rate (BAC over the legal limit for driving) is associated to a worse driving performance 309 

(Casares-Lopez et al., 2020), participants demonstrated to be aware of the complexity of the 310 

situation when driving under a high dose of alcohol. Although no consensus seems to be reached 311 

on this issue in the literature, similar results have been reported by Vollrath and Fisher (2017), 312 

who observed that drivers under the effects of alcohol slowed down their speed. Alcohol tolerance 313 

may also be responsible for these findings. According to these authors, highly intoxicated drivers 314 

adopt this compensatory behavior to try to seem sober to observers and, consequently, they adapt 315 

their driving style to avoid road hazards (Vollrath & Fischer, 2017). 316 



A different approach holds that speed control is less sensitive to impairment at low-317 

moderate BrAC levels compared to other aspects of driving performance, such as lane keeping or 318 

the control of the steering wheel (Martin et al., 2013). In this sense, other authors have observed a 319 

lack of strategies to compensate for the complexity of the driving task, since no significant effects 320 

of alcohol on driving speed were found (Harrison & Fillmore, 2011). Also, a previous study that 321 

analyzed driving performance under the effects of alcohol for similar BrAC levels (BrAC<0.25 322 

and BrAC≥0.25 mg/l), revealed no significant differences in driving speed with respect to baseline 323 

condition (Casares-Lopez et al., 2020). On the other hand, different authors have reported an 324 

increase in driving speed under the effects of alcohol, indicating that drivers behave recklessly 325 

under these conditions. Thus, Charlton and Starkey found that participants drove more time above 326 

the speed limit for blood alcohol concentrations (BAC) of 0.05% and 0.08% (equivalent to BrAC 327 

levels of 0.25 and 0.40 mg/l, respectively), driving at faster speeds (Charlton & Starkey, 2015). 328 

Similarly, Yadav and Velaga observed an increase of the driving speed under the influence of 329 

different alcohol levels (BACs of 0.03%, 0.05%, and 0.08%, equivalent to BrAC levels of 0.15, 330 

0.25, and 0.40 mg/l, respectively) (Yadav & Velaga, 2020).  331 

 It is noteworthy that we observed an increase of the driving speed, but only when 332 

participants were under legal limit for driving (BrAC<0.25 mg/l). The absence of significant 333 

effects of alcohol on driving speed or the increase of speed observed under the influence of alcohol, 334 

as is the case, may indicate that drivers overestimate their driving abilities in such circumstances. 335 

This behavior could pose a problem, since vision and other motor and cognitive skills that are 336 

involved in driving performance are impaired at low BACs (Casares-Lopez et al., 2022; 337 

Hindmarch et al., 1992). 338 



These different approaches and contradictory results in the literature indicate that the 339 

management of speed under the influence of alcohol may depend not only on the amount of alcohol 340 

consumed, but also on other factors. Thus, the generalized linear mixed model performed in this 341 

study showed a significant influence of different factors on speed management. As expected given 342 

the results obtained in the pairwise comparisons, the experimental condition (i.e., alcohol 343 

consumption) had a significant influence on driving speed, but differences were observed only 344 

when comparing Alcohol 1 and Alcohol 2 conditions. The complexity of the road scenario also 345 

had significant influence on speed management. When comparing scenario 10, used as the 346 

reference category (city, no parked cars, 50 km/h SL) with the scenarios in dual-carriageway and 347 

mountain road, we observed that participants self-regulated more their speed in scenarios 348 

corresponding to straight (scenarios 1 and 5) and curved road segments (scenarios 2 and 6). 349 

Although previous works reported a further reduction of speed in curved roads (Oviedo-350 

Trespalacios et al., 2017; Vollrath & Fischer, 2017), such findings were not observed in this study. 351 

These results could be explained by the fact that the straight segments in the mountain road were 352 

located between two sharp bends. Also, there are other factors that have an influence speed choice 353 

in curved roads, such as signing (Kanellaidis, 1995). The lack of curve-warning signs in the road, 354 

as is the case of the scenarios analyzed in this study, may be responsible for the maintenance of 355 

the speed in straight and bend segments. In mountain road, participants self-regulated more for 356 

speed in scenarios with 40 km/h SL and less in scenarios with 90 km/h SL. Also, according to 357 

Figure 2, it can be observed that in scenarios with 50 and 90 km/h SL, participants drove above 358 

the SL. Similarly, other studies have observed a lack of SL compliance in roads with 50 km/h and 359 

90 km/h (Aberg et al., 1997; Haglund & Åberg, 2000).  These observations could indicate that the 360 

speed choice may also be associated with the speed limit in complex road scenarios, although this 361 



issue needs to be studied further. In this sense, some authors have stated that speed choice is 362 

associated with driver’s risk perception (influenced by the environment) rather than speed limits 363 

(Wilmot & Khanal, 1999); however, these two aspects are often related. Contrary, it is noteworthy 364 

that, despite the simplicity of the dual carriageway (120 km/h SL) with respect to the other two 365 

sections with lower SL (mountain road and inner-city), drivers self-regulated more for speed in 366 

scenarios 1 and 2 compared to the reference category (scenario 10), maybe because they feel more 367 

comfortable when driving under the SL. In fact other authors stated that, in normal conditions, 368 

drivers chose their speed according to their usual speeds, which are usually the speeds drivers feel 369 

more comfortable at, rather than the speed limits (Ahie et al., 2015). 370 

Factors other than the complexity of the road were also analyzed. Visual performance, 371 

particularly contrast sensitivity, also influenced the selection of driving speed. Thus, participants 372 

with better contrast sensitivity drove faster than those with a poorer contrast detection. Previous 373 

studied had showed the importance of this visual function on driving performance (Casares-Lopez 374 

et al., 2020; Kimlin et al., 2017; Owsley & McGwin, 2010), as contrast sensitivity allows to 375 

distinguish road marks and hazards, particularly when the conditions of the road are not favorable. 376 

Regarding self-regulation of speed, other authors have demonstrated that contrast sensitivity 377 

impaired by cannabis use has an impact on driving speed (Ortiz-Peregrina et al., 2023). On the 378 

other hand, as shown the pairwise comparisons analysis, contrast sensitivity is impaired by alcohol. 379 

Given the importance of this visual function for driving performance in general, and also for driver 380 

self-regulation, the deterioration of contrast sensitivity seems to contribute to the driver’s feeling 381 

of insecurity, leading to a decrease in driving speed as a compensatory strategy.  382 

According to the results obtained in the GLMM, the driving experience is also a factor 383 

influencing speed management, in such a way that more experienced participants adapted their 384 



driving speed more, selecting speed further below to the speed limit. These results may be closely 385 

related to speed estimation, given that it has been observed that less experienced drivers tend to 386 

underestimate the speed as driving speed increases (Wu et al., 2017). Also, the biological sex was 387 

a predictor of driving speed selected. Previous studies have shown that speed estimation is worse 388 

for females, and that males adjust their driving speed better than female (Wu et al., 2017). 389 

Contrary, our results indicated that females drove slower, driving closer to the SL. Similarly, other 390 

authors have reported that females are more cautious when driving, as they travel at lower speeds 391 

and impose more restrictions when their visual attention is impaired (Hiang & Ming, 2015; 392 

Okonkwo et al., 2007). Notwithstanding, it seems that gender differences observed in simulated 393 

driving may not be applicable to real driving, as suggested by Coluccia and Louse (2004), and 394 

thus, these results should be interpreted with caution.  395 

 396 

4. Conclusions 397 

Participants drove above the speed limit in the three experimental conditions: baseline, 398 

Alcohol 1 (low-moderate alcohol dose) and Alcohol 2 (moderate-high alcohol dose), particularly 399 

in Alcohol 1 session. The increase of the driving speed when driving under the influence of a low-400 

moderate dose of alcohol (Alcohol 1, mean BrAC<0.25 mg/l) could indicate that, in these 401 

conditions, participants feel more confident. This means that drivers are less aware of the risk, thus 402 

adapting their driving speed less (in this case, driving faster). However, it seems that alcohol intake 403 

by itself would not be determining factor in speed choice. The speed adaptation is influenced by 404 

factors other than alcohol consumption, including visual performance among them. Thus, 405 

participants with lower contrast, self-regulated more for speed. Regarding the road environment, 406 

we observed that the SL of the road scenario, along with other characteristics like the road layout, 407 



the traffic flow, or the presence of parked cars in the city, influence the selection of driving speed. 408 

Other factors, like driving experience, gender and DUIA frequency influenced driver self-409 

regulation. Therefore, it seems that contrast sensitivity is a good predictor of self-regulation 410 

strategies in terms of operational control (speed reduction). However, the involvement of alcohol 411 

use and visual performance on other self-regulation practices remains to be analyzed in the future. 412 

Also, a further study on the influence of specific road characteristics, particularly speed limits, 413 

needs to be conducted. 414 

 415 

Acknowledgements  416 

The authors thank Dräger Iberia (Madrid, Spain) and Local Police of Granada City (Granada, 417 

Spain) for lending us the Dräger Alcotest 6820 breath analyzer (Dräger Safety AG & Co. KGaA. 418 

Lübeck, Germany), and Pago de Almaraes wineries for providing us with the wine used in the 419 

study.  420 

 421 

References  422 

Aberg, L., Larsen, L., Glad, A., & Beilinsson, L., 1997. Observed vehicle speed and drivers' 423 

perceived speed of others. Applied Psychology: An International Review, 46(3), 287-302. 424 

https://doi.org/10.1111/j.1464-0597.1997.tb01231.x  425 

Ahie, L. M., Charlton, S. G., & Starkey, N. J., 2015. The role of preference in speed choice. Transp 426 

Res Part F Traffic Psychol Behav, 30, 66-73. https://doi.org/10.1016/j.trf.2015.02.007  427 

Armstrong, R. A., 2013. Statistical guidelines for the analysis of data obtained from one or both 428 

eyes. Ophthalmic Physiol Opt, 33(1), 7-14. https://doi.org/10.1111/opo.12009  429 

https://doi.org/10.1111/j.1464-0597.1997.tb01231.x
https://doi.org/10.1016/j.trf.2015.02.007
https://doi.org/10.1111/opo.12009


Babor, T. F., de la Fuente, J. R., & Saunders, J., Grant, M., 2001. AUDIT - The Alcohol Use 430 

Identification Test: Guidelines for use in primary health care. In: World Health Organization. 431 

Berthelon, C., & Gineyt, G. (2014). Effects of alcohol on automated and controlled driving 432 

performances. Psychopharmacology, 231(10), 2087-2095. https://doi.org/10.1007/s00213-433 

013-3352-x  434 

Casares-Lopez, M., Castro-Torres, J. J., Martino, F., Ortiz-Peregrina, S., Ortiz, C., & Anera, R. G., 435 

2020. Contrast sensitivity and retinal straylight after alcohol consumption: effects on driving 436 

performance. Sci Rep, 10(1), Article 13599. https://doi.org/10.1038/s41598-020-70645-3  437 

Casares-Lopez, M., Castro-Torres, J. J., Ortiz-Peregrina, S., Martino, F., & Ortiz, C., 2021. Changes 438 

in Visual Performance under the Effects of Moderate-High Alcohol Consumption: The 439 

Influence of Biological Sex. Int J Environ Res Public Health, 18(13), 15, Article 6790. 440 

https://doi.org/10.3390/ijerph18136790 441 

Casares-Lopez, M., Ortiz-Peregrina, S., Castro-Torres, J. J., Ortiz, C., Martino, F., & Jimenez, J. R., 442 

2022. Assessing the influence of cannabis and alcohol use on different visual functions: A 443 

comparative study. Exp Eye Res, 224, Article 109231. 444 

https://doi.org/10.1016/j.exer.2022.109231  445 

Castro, J. J., Ortiz, C., Pozo, A. M., Anera, R. G., & Soler, M., 2014. A visual test based on a 446 

freeware software for quantifying and displaying night-vision disturbances: study in subjects 447 

after alcohol consumption. Theor Biol Med Model, 11, Article S1. 448 

https://doi.org/10.1186/1742-4682-11-s1-s1  449 

Castro, J. J., Pozo, A. M., Rubino, M., Anera, R. G., & del Barco, L. J., 2014. Retinal-image quality 450 

and night-vision performance after alcohol consumption. J Ophthalmol, Article 704823. 451 

https://doi.org/10.1155/2014/704823  452 

https://doi.org/10.1007/s00213-
https://doi.org/10.1038/s41598-020-70645-3
https://doi.org/10.3390/ijerph18136790
https://doi.org/10.1016/j.exer.2022.109231
https://doi.org/10.1186/1742-4682-11-s1-s1
https://doi.org/10.1155/2014/704823


Charlton, S. G., & Starkey, N. J., 2015. Driving while drinking: performance impairments resulting 453 

from social drinking . Accid Anal Prev, 74, 210-217. 454 

https://doi.org/10.1016/j.aap.2014.11.001  455 

Cohen, M. M., & Alpern, M., 1969. Vergence and accommodation. Influence of ethanol on AC/A 456 

ratio. Arch Ophthalmol, 81(4), 518-&. 457 

https://doi.org/10.1001/archopht.1969.00990010520010  458 

Coluccia, E., & Louse, G., 2004. Gender differences in spatial orientation: A review. J Environ 459 

Psychol, 24(3), 329-340. https://doi.org/10.1016/j.jenvp.2004.08.006  460 

Coppens, J. E., Franssen, L., van Rijn, L. J., & van den Berg, T., 2006. Reliability of the 461 

compensation comparison stray-light measurement method. J Biomed Opt, 11(3), 9, Article 462 

034027. https://doi.org/10.1117/1.2209555  463 

Gilmartin, B., 1986. A review of the role of sympathetic innervation of the ciliary muscle in ocular 464 

accommodation. Ophthalmic Physiol Opt, 6(1), 23-37. https://doi.org/10.1016/0275-465 

5408(86)90115-8  466 

Goebel, J. A., Dunham, D. N., Rohrbaugh, J. W., Fischel, D., & Stewart, P. A., 1995. Dose-related 467 

effects of alcohol on dynamic posturography and oculomotor measures. Acta Otolaryngol, 468 

212-215.  469 

Gwyther, H., & Holland, C., 2012. The effect of age, gender and attitudes on self-regulation in 470 

driving. Accid Anal Prev, 45, 19-28. https://doi.org/10.1016/j.aap.2011.11.022  471 

Haglund, M., & Åberg, L., 2000. Speed choice in relation to speed limit and influences from other 472 

drivers. Transp Res Part F Traffic Psychol Behav, 3(1), 39-51. 473 

https://doi.org/https://doi.org/10.1016/S1369-8478(00)00014-0  474 

https://doi.org/10.1016/j.aap.2014.11.001
https://doi.org/10.1001/archopht.1969.00990010520010
https://doi.org/10.1016/j.jenvp.2004.08.006
https://doi.org/10.1117/1.2209555
https://doi.org/10.1016/0275-
https://doi.org/10.1016/j.aap.2011.11.022
https://doi.org/https://doi.org/10.1016/S1369-8478(00)00014-0


Harrison, E. L. R., & Fillmore, M. T., 2011. Alcohol and distraction interact to impair driving 475 

performance. Drug Alcohol Depend, 117(1), 31-37. 476 

https://doi.org/10.1016/j.drugalcdep.2011.01.002  477 

Hiang, T. S., & Ming, G. L., 2015. Speeding driving behaviour: Age and gender experimental 478 

analysis. 3rd International Conference on Mechanical Engineering Research (ICMER), 479 

Kuantan, Malaysia. 480 

Hill, J. C., & Toffolon, G., 1990. Effect of alcohol on sensory and sensorimotor visual functions. J 481 

Stud Alcohol, 51(2), 108-113. https://doi.org/10.15288/jsa.1990.51.108  482 

Hindmarch, I., Bhatti, J. Z., Starmer, G. A., Mascord, D. J., Kerr, J. S., & Sherwood, N., 1992. The 483 

effects of alcohol on the cognitive function of males and females and on skills relating to car 484 

driving. Hum Psychopharmacol, 7(2), 105-114.  485 

Irwin, C., Ludakhina, E., Desbrow, B., & McCartney, D. (2017). Effects of acute alcohol consumption 486 

on measures of simulated driving: A systematic review and meta-analysis. Accid Anal Prev, 487 

102, 248-266. https://doi.org/10.1016/j.aap.2017.03.001  488 

Jones, A. W., & Holmgren, A., 2009. Age and gender differences in blood-alcohol concentration in 489 

apprehended drivers in relation to the amounts of alcohol consumed. Forensic Sci Int, 188(1-490 

3), 40-45. https://doi.org/10.1016/j.forsciint.2009.03.010  491 

Kanellaidis, G., 1995. Factors affecting drivers choice of speed on roadway curves. J Safety Res, 492 

26(1), 49-56. https://doi.org/10.1016/0022-4375(94)00024-7  493 

Kimlin, J. A., Black, A. A., & Wood, J. M., 2017. Nighttime driving in older adults: Effects of glare 494 

and association with mesopic visual function. Invest Ophthalmol Vis Sci, 58(5), 2796-2803. 495 

https://doi.org/10.1167/iovs.16-21219  496 

https://doi.org/10.1016/j.drugalcdep.2011.01.002
https://doi.org/10.15288/jsa.1990.51.108
https://doi.org/10.1016/j.aap.2017.03.001
https://doi.org/10.1016/j.forsciint.2009.03.010
https://doi.org/10.1016/0022-4375(94)00024-7
https://doi.org/10.1167/iovs.16-21219


Liu, L., Chui, W. H., & Deng, Y. L., 2021. Driving after alcohol consumption: A qualitative 497 

analysis among Chinese male drunk drivers. Int J Drug Policy, 90, 6, Article 103058. 498 

https://doi.org/10.1016/j.drugpo.2020.103058  499 

Martin, J. L., Gadegbeku, B., Wu, D., Viallon, V., & Laumon, B., 2017. Cannabis, alcohol and fatal 500 

road accidents. Plos One, 12(11), 16, Article e0187320. 501 

https://doi.org/10.1371/journal.pone.0187320  502 

Martin, T. L., Solbeck, P. A. M., Mayers, D. J., Langille, R. M., Buczek, Y., & Pelletier, M. R., 503 

2013. A review of alcohol-impaired driving: The role of blood alcohol concentration and 504 

complexity of the driving task. J Forensic Sci, 58(5), 1238-1250. 505 

https://doi.org/10.1111/1556-4029.12227  506 

Martino, F., Castro-Torres, J. J., Casares-Lopez, M., Ortiz-Peregrina, S., Ortiz, C., & Anera, R. G., 507 

2021. Deterioration of binocular vision after alcohol intake influences driving performance. 508 

Sci Rep, 11(1), Article 8904. https://doi.org/10.1038/s41598-021-88435-w  509 

Martino, F., Castro-Torres, J. J., Casares-López, M., Ortiz-Peregrina, S., Granados-Delgado, P., & 510 

Anera, R. G. (2023). Effects of alcohol consumption on driving performance in the presence 511 

of interocular differences simulated by filters. Sci Rep, 13(1), 13, Article 17694. 512 

https://doi.org/10.1038/s41598-023-45057-8  513 

Maudens, K. E., Patteet, L., van Nuijs, A. L. N., Van Broekhoven, C., Covaci, A., & Neels, H., 514 

2014. The influence of the body mass index (BMI) on the volume of distribution of ethanol. 515 

Forensic Sci Int, 243, 74-78. https://doi.org/10.1016/j.forsciint.2014.04.036  516 

McDougal, D. H., & Gamlin, P. D., 2015. Autonomic control of the eye. Compr Physiol, 5(1), 439-517 

473. https://doi.org/10.1002/cphy.c140014  518 

https://doi.org/10.1016/j.drugpo.2020.103058
https://doi.org/10.1371/journal.pone.0187320
https://doi.org/10.1111/1556-4029.12227
https://doi.org/10.1038/s41598-021-88435-w
https://doi.org/10.1038/s41598-023-45057-8
https://doi.org/10.1016/j.forsciint.2014.04.036
https://doi.org/10.1002/cphy.c140014


Miller, R. J., 1991. The effect of ingested alcohol on fusion latency at various viewing distances. 519 

Percept Psychophys, 50(6), 575-583. https://doi.org/10.3758/bf03207543  520 

Munsamy, A. J., Hamilton-Hoskins, R. S., Bero, T., Ximba, P. P., Govender, D., Soni, M., & 521 

Majola, L., 2016. The effect of acute ingestion of alcohol at 0.05% and 0.10% blood 522 

respiratory alcohol concentration on heterophoria. Afr Vision Eye Health, 75(1), 7, Article 523 

UNSP a342. https://doi.org/10.4102/aveh.v75i1.342  524 

Okonkwo, O. C., Wadley, V. G., Crowe, M., Roenker, D. L., & Ball, K., 2007. Self-regulation of 525 

driving in the context of impaired visual attention: Are there gender differences? Rehabil 526 

Psychol, 52(4), 421-428. https://doi.org/10.1037/0090-5550.52.4.421  527 

Ortiz, C., Ortiz-Peregrina, S., Castro, J. J., Casares-Lopez, M., & Salas, C., 2018. Driver distraction 528 

by smartphone use (WhatsApp) in different age groups. Accid Anal Prev, 117, 239-249. 529 

https://doi.org/10.1016/j.aap.2018.04.018  530 

Ortiz-Peregrina, S., Oviedo-Trespalacios, O., Ortiz, C., & Anera, R. G., 2023. Self-regulation of 531 

driving behavior under the influence of cannabis: The role of driving complexity and driver 532 

vision. Hum Factors, 65(7), 1506-1524. https://doi.org/10.1177/00187208211047799  533 

Ortiz-Peregrina, S., Oviedo-Trespalacios, O., Ortiz, C., Casares-Lopez, M., Salas, C., & Anera, R. 534 

G., 2020. Factors determining speed management during distracted driving (WhatsApp 535 

messaging). Sci Rep, 10(1), Article 13263. https://doi.org/10.1038/s41598-020-70288-4  536 

Oviedo-Trespalacios, O., Afghari, A. P., & Haque, M. M., 2020. A hierarchical Bayesian 537 

multivariate ordered model of distracted drivers' decision to initiate risk-compensating 538 

behaviour. Anal Methods Accid Res, 26, 19, Article 100121. 539 

https://doi.org/10.1016/j.amar.2020.100121  540 

https://doi.org/10.3758/bf03207543
https://doi.org/10.4102/aveh.v75i1.342
https://doi.org/10.1037/0090-5550.52.4.421
https://doi.org/10.1016/j.aap.2018.04.018
https://doi.org/10.1177/00187208211047799
https://doi.org/10.1038/s41598-020-70288-4
https://doi.org/10.1016/j.amar.2020.100121


Oviedo-Trespalacios, O., Hague, M. M., King, M., & Washington, S., 2017. Effects of road 541 

infrastructure and traffic complexity in speed adaptation behaviour of distracted drivers. 542 

Accid Anal Prev, 101, 67-77. https://doi.org/10.1016/j.aap.2017.01.018  543 

Oviedo-Trespalacios, O., Haque, M. M., King, M., & Washington, S., 2017. Self-regulation of 544 

driving speed among distracted drivers: An application of driver behavioral adaptation 545 

theory. Traffic Inj Prev, 18(6), 599-605. https://doi.org/10.1080/15389588.2017.1278628  546 

Owsley, C., & McGwin, G., 2010. Vision and driving. Vision Res, 50(23), 2348-2361. 547 

https://doi.org/10.1016/j.visres.2010.05.021  548 

Palomo-Alvarez, C., & Puell, M. C. (2015). Capacity of straylight and disk halo size to diagnose 549 

cataract. Journal of Cataract and Refractive Surgery, 41(10), 2069-2074. 550 

https://doi.org/10.1016/j.jcrs.2015.10.04  551 

Patterson, G., Howard, C., Hepworth, L., & Rowe, F., 2019. The impact of visual field loss on 552 

driving skills: A systematic narrative review. Br Ir Orthopt J, 15(1), 53-63. 553 

https://doi.org/10.22599/bioj.129  554 

Pearson, P., & Timney, B., 1998. Effects of moderate blood alcohol concentrations on spatial and 555 

temporal contrast sensitivity. J Stud Alcohol, 59(2), 163-173. 556 

https://doi.org/10.15288/jsa.1998.59.163  557 

Puell, M. C., & Palomo-Alvarez, C. (2017). Effects of Light Scatter and Blur on Low-Contrast 558 

Vision and Disk Halo Size. Optometry and Vision Science, 94(4), 505-510. 559 

https://doi.org/10.1097/opx.0000000000001061  560 

National Highway Traffic Safety Administration (NHTSA) (2021). State alcohol-impaired-driving 561 

estimates traffic safety facts 2021 data. 562 

https://doi.org/10.1016/j.aap.2017.01.018
https://doi.org/10.1080/15389588.2017.1278628
https://doi.org/10.1016/j.visres.2010.05.021
https://doi.org/10.1016/j.jcrs.2015.10.04
https://doi.org/10.22599/bioj.129
https://doi.org/10.15288/jsa.1998.59.163
https://doi.org/10.1097/opx.0000000000001061


Thomasson, H., 2002. Gender differences in alcohol metabolism. In Recent developments in 563 

alcoholism (RDIA) Vol 12 (pp. 163-179). https://doi.org/10.1007/0-306-47138-8_9  564 

van den Berg, T. (2017). Scattering, straylight, and glare. In P. Artal (Ed.), Handbook of visual 565 

optics: Fundamentals and eye optics, Vol I, 349-362. Crc Press-Taylor & Francis Group.  566 

Voas, R. B., Torres, P., Romano, E., & Lacey, J. H., 2012. Alcohol-related risk of driver fatalities: 567 

An update using 2007 Data . J Stud Alcohol Drugs, 73(3), 341-350. 568 

https://doi.org/10.15288/jsad.2012.73.341  569 

Vollrath, M., & Fischer, J., 2017. When does alcohol hurt? A driving simulator study. Accid Anal 570 

Prev, 109, 89-98. https://doi.org/10.1016/j.aap.2017.09.021  571 

Watten, R. G., & Lie, I., 1996. Visual functions and acute ingestion of alcohol. Ophthalmic Physiol 572 

Opt, 16(6), 460-466. https://doi.org/10.1046/j.1475-1313.1996.96000208.x  573 

Wilmot, C. G., & Khanal, M., 1999. Effect of speed limits on speed and safety: A review. Transp 574 

Rev, 19(4), 315-329. https://doi.org/10.1080/014416499295420  575 

Wood, J. M., 2002. Age and visual impairment decrease driving performance as measured on a 576 

closed-road circuit . Hum Factors, 44(3), 482-494. 577 

https://doi.org/10.1518/0018720024497664  578 

Wood, J. M., & Owens, D. A., 2005. Standard measures of visual acuity do not predict drivers' 579 

recognition performance under day or night conditions. Optom Vis Sci, 82(8), 698-705. 580 

https://doi.org/10.1097/01.opx.0000175562.27101.51  581 

Wood, J. M., & Troutbeck, R., 1992. Effect of restriction of the binocular visual-field on driving 582 

performance. Ophthalmic Physiol Opt, 12(3), 291-298. https://doi.org/10.1111/j.1475-583 

1313.1992.tb00400.x  584 

https://doi.org/10.1007/0-306-47138-8_9
https://doi.org/10.15288/jsad.2012.73.341
https://doi.org/10.1016/j.aap.2017.09.021
https://doi.org/10.1046/j.1475-1313.1996.96000208.x
https://doi.org/10.1080/014416499295420
https://doi.org/10.1518/0018720024497664
https://doi.org/10.1097/01.opx.0000175562.27101.51
https://doi.org/10.1111/j.1475-


Wu, C. X., Yu, D. K., Doherty, A., Zhang, T. Y., Kust, L., & Luo, G., 2017. An investigation of 585 

perceived vehicle speed from a driver's perspective. Plos One, 12(10), 11, Article e0185347. 586 

https://doi.org/10.1371/journal.pone.0185347  587 

Yadav, A. K., & Velaga, N. R., 2020. Alcohol-impaired driving in rural and urban road 588 

environments: Effect on speeding behaviour and crash probabilities. Accid Anal Prev, 140, 8, 589 

Article 105512. https://doi.org/10.1016/j.aap.2020.105512  590 

Zador, P. L., Krawchuk, S. A., & Voas, R. B., 2000. Alcohol-related relative risk of driver fatalities 591 

and driver involvement in fatal crashes in relation to driver age and gender: An update using 592 

1996 data. J Stud Alcohol, 61(3), 387-395. https://doi.org/10.15288/jsa.2000.61.387  593 

Zhuang, X. H., King, A., McNamara, P., Pokorny, J., & Cao, D. C., 2012. Differential effects of 594 

alcohol on contrast processing mediated by the magnocellular and parvocellular pathways. J 595 

Vis, 12(11), 13, Article 16. https://doi.org/10.1167/12.11.16  596 

 597 

 598 

 599 

https://doi.org/10.1371/journal.pone.0185347
https://doi.org/10.1016/j.aap.2020.105512
https://doi.org/10.15288/jsa.2000.61.387
https://doi.org/10.1167/12.11.16


600 



 601 

 602 



Figure captions 603 

 604 

Figure 1. The different scenarios analyzed (1 to 10) in the three sections (dual carriageway, 605 

mountain road and inner-city circuit) and their characteristics. The warning signs represent the 606 

difficulty level of the road scenarios: 0 = low; 1 = medium; 2 = high. 607 

 608 

Figure 2. Mean speed adaptation and the SD in the different road scenarios (10 in total) for the three 609 

experimental conditions: baseline, Alcohol 1, and Alcohol 2. Panel “a” shows results from dual 610 

carriageway, panel “b” shows results from mountain road, and paner “c” shows restlts from inner-611 

city circuit. 612 
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 629 

Table 1. Age of the sample and scores of the AUDIT and different questions (mean value ± 630 
SD). The number of responses for each option of the question, as well as the percentages, are 631 
also included. 632 

Age  27.0 ± 6.7 

AUDIT score  4.1 ± 2.1 

Driving experience  3.0 ± 1.0 

        0 = Less than 1 year 
        1 = Between 1 and 3 years 
        2 = Between 3 and 5 years 
        3 = Between 5 and 10 years 
        4 = More than 10 years 

0 (0%) 
3 (10%) 
7 (23%) 
11 (35%) 
10 (32%) 

Driving frequency 1.5 ± 1.0 
        0 = Less than 500 km                                                                                                       
        1 = Between 500 and 1000 km 
        2 = Between 1000 and 5000 km 
        3 = More than 5000 km 

6 (19%) 
9 (29%) 
11 (35%) 
5 (16%) 

In the past 12 months, how often have you driven within two 
hours of drinking alcohol? (DUI-Alcohol frequency)  0.6 ± 0.9 

        0 = Never 
        1 = Once 
        2 = Twice 
        3 = Thrice 
        4 = More than 3 times 

19 (61%) 
8 (26%) 
2 (6.5%) 
2 (6.5%) 
0 (0%) 

Do you consider that your driving skills are negatively affected 
following alcohol consumption? If you have never driven under 
the effects of alcohol, please answer how you think it would 
affect your driving skills 

2.5 ± 1.0 

        0 = Does not affect at all 
        1 = Affects slightly 
        2 = Affects a bit 
        3 = Affects quite a lot 
        4 = Affects a lot 

2 (6.5%) 
2 (6.5%) 
9 (29%) 
14 (45%) 
4 (13%) 

 633 
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 640 

Table 2. Mean values (± SD) of the BrAC, the speed adaptation considering all the scenarios 641 
studied, and the visual variables in the three experimental conditions: baseline (B), Alcohol 1 642 
(A1), and Alcohol 2 (A2). The p-value resulting from the pairwise comparisons are also 643 
included. 644 

  Baseline (B) Alcohol 1 
(A1) 

Alcohol 2 
(A2) 

p-value 

BrAC (mg/l) -- 0.18 ± 0.08 0.29 ± 0.11 -- 

Monocular CS  125.26 ± 18.20 108.80 ± 19.09 102.16 ± 18.87 
B-A1: 0.003 

B-A2: <0.001 

A1-A2: 0.162 

Binocular CS 153.42 ± 11.87 140.46 ± 20.83 137.51 ± 21.63 
B-A1: 0.013 

B-A2: <0.001 

A1-A2: 0.547 

log(s) 0.87 ± 0.10 0.93 ± 0.14 0.98 ± 0.14 
B-A1: 0.005 

B-A2: <0.001 

A1-A2: 0.229 

Speed Adaptation 
(km/h) 8.80 ± 14.54 9.59 ± 14.44 7.17 ± 14.08 

B-A1: 1.000 
B-A2: 0.082 
A1-A2: 0.007 

 645 
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Table 3. Results of the generalized linear mixed model. The coefficients, the standard deviation (SD), the t-statistic, the p-value and the confidence 661 
interval (CI) are reported. For the comparisons between the different categories of each factor included in the model, the last category was selected 662 
as reference. 663 

 Coefficient SE t-statistic p-value 95% CI 
Experimental Condition      

Baseline 1.28 0.71 1.787 0.075 [-1.13, 2.68] 
Alcohol 1 2.24 0.63 3.541 0.001** [1.00, 3.48] 
Alcohol 2 - - - - - 

Road scenario      
Scenario 1: Dual carriageway, straight, 120 km/h SL -18.08 1.34 -13.448 <0.001** [-20.74, -15.42] 
Scenario 2: : Dual carriageway, Slight bend, 120 km/h 
SL 

-10.27 1.43 -7.168 <0.001** [-13.10, -7.43] 

Scenario 3: Mountain, straight, 90 km/h SL 13.47 1.21 11.088 <0.001** [11.06, 15.87] 
Scenario 4: Mountain, sharp bend, 90 km/h SL 8.85 0.93 9.503 <0.001** [7.01, 10.69] 
Scenario 5: Mountain, straight, 40 km/h SL -15.49 1.01 -15.316 <0.001** [-17.49, -13.49] 
Scenario 6: Mountain, sharp bend, 40 km/h SL -16.51 0.88 -18.700 <0.001** [-18.25, -14.76] 
Scenario 7: Mountain, straight, ascending, 90 km/h SL 1.24 0.97 1.272 0.205 [-0.69, 3.16] 
Scenario 8: Mountain, straight, descending, 90 km/h 
SL 

-13.81 1.15 -12.022 <0.001** [-16.08, -11.54] 

Scenario 9: City, straight, parked cars, 50 km/h SL -10.11 1.24 -8.149 <0.001** [-12.57, -7.66] 
Scenario 10: City, straight, no parked cars, 50 km/h SL - - - - - 

Driving experience      
Between 1 and 3 years 4.18 1.28 3.271 0.001* [1.67, 6.69] 
Between 3 and 5 years 3.40 1.22 2.773 0.006* [0.99, 5.80] 
Between 5 and 10 years -3.25 0.88 -3.684 <0.001** [-4.98, -1.52] 
More than 10 years - - - - - 

Driving frequency (in the last 12 months)      
Less than 500 km -1.60 1.53 -1.051 0.294 [-4.60, 1.39] 
Between 500 and 1000 km -1.37 1.38 -0.992 0.321 [-4.09, 1.34] 



Between 1000 and 5000 km -3.25 1.29 -3.694 0.367 [-1.37, 3.70] 
More than 5000 km - - - - - 

DUIA frequency (in the last 12 months)      
Never -0.32 1.58 -0.202 0.840 [-3.42, 2.78] 
Once -3.60 1.68 -2.150 0.032* [-6.89, -0.31] 
Twice 2.57 1.78 1.440 0.151 [-0.93, 6.06] 
Thrice - - - - - 

Subjective perception of the influence of alcohol on driving performance 
Does not affect at all 7.49 1.54 4.861 <0.001** [4.47, 10.51] 
Affects slightly 4.84 1.75 2.765 0.006* [1.40, 8.28] 
Affects a bit 3.37 1.15 3.302 0.003* [1.12, 5.62] 
Affects quite a lot 2.52 1.09 2.322 0.021* [0.39,4.65] 
Affects a lot - - - - - 

AUDIT score -1.07 0.18 -5.913 <0.001** [-1.43, -0.72] 
Binocular CS 0.03 0.02 2.322 0.021* [0.39, 4.650] 
Biological sex      

Male 3.64 1.07 3.404 0.001* [-1.539, 5.74] 
Female - - - - - 

Intercept 10.42 2.88 3.623 <0.001** [4.77, 16.07] 
Aikake information criterion 6308.10     
Bayesian information criterion 6450.91     

*p<0.05; **p<0.001 664 
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