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Abstract

:

Traffic crashes are among the leading causes of injuries and fatalities worldwide. The main assumption of this study is that traffic crash rates, injury severity, and driving behaviors differ by the driver’s gender. Utilizing ten years (2011–2020) of data from the Texas Crash Record and Information System database, this study investigates how some of the most prominent driving behaviors leading to crashes and severe injuries (distracted driving, speeding, lane departure, and driving under influence) vary by gender in San Antonio, Texas. The spatial distribution of crashes associated with these driving behaviors by gender is also investigated, as well as the influence of some environmental and temporal variables on crash frequency and injury severity. This study adopted bivariate analysis and logistic regression modeling to identify the effect of different variables on crash occurrence and severity by gender. Male drivers were more likely to be involved in a speeding/DUI/lane departure-related crash and subsequent severe injuries. However, female drivers were slightly more associated with distracted-driving crashes and subsequent injuries. Nighttime, interstate/highway roads, the weekend period, and divider/marked lanes as the primary traffic control significantly increased the crash and injury risk of male drivers. Driving behavior-related crashes were mostly concentrated on some interstate road segments, major intersections, and interchanges. The results from this study can be used by authorities and policy-makers to prioritize the use of limited resources, and to run more effective education campaigns to a targeted audience.
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1. Introduction


Road traffic crashes are the leading causes of injuries (about 50 million injuries worldwide), and the eighth leading cause of reported fatalities (about 1.35 million fatalities worldwide) every year worldwide; for children and young adults (aged between 5 and 29), they are the leading cause of death [1]. In 2020, a total of 205,498 people were injured in motor vehicle crashes in Texas, including one fatality every two hours and 15 min [2]. The ratio of male to female passengers who died in these crashes (354 male vs. 302 female fatalities) was much smaller compared to the ratio of male and female drivers in fatal crash incidents (1437 male vs. 510 female driver fatalities) [2]. Differences by gender in driving behavior and crash involvement have long been demonstrated in several studies [3,4,5,6,7]. Some studies suggest that males are more likely to be involved in fatal crashes whereas females are more likely to be involved in non-fatal crashes [3,8]. However, the fatality risk of female drivers in crashes with similar physical impacts is greater than that of male drivers [9]. The crash risk is slightly higher for male drivers due to impatience and lack of attention [6]. One study used multiple regression analysis with driver age, macho personality, and the power of the car as predictors, and concluded that young men placed greater emphasis on the speed and sportiness of cars, and were significantly more likely to exhibit aggressive driving behavior [10]. Moreover, the attitude towards traffic safety issues is significantly correlated with driving behavior. A study found that persons involved crashes started to take more risks while driving within just one year from their involvement in crashes [11]. One study used five years of data from Sweden, and concluded that fatal and serious injury crash risk significantly increased during the nighttime for young drivers; the risk was about twice as much for male drivers compared to female drivers during late night hours [12]. Other studies corroborated that male drivers tend to perceive risky driving behaviors to be less serious and less likely to result in accidents, and thus they are more likely to engage in risk-taking behaviors [13,14,15]. Although older females were 22% more likely to pass an on-road test, older male and female drivers did not show differences in their specific or total number of driving errors on the comprehensive driving evaluation [16]. While distracted driving, driving under the influence (DUI), speeding, and lane departure are some of the crash types emphasized in the Texas Strategic Highway Safety Plan [17], the effect of driver gender of on some of these crash types has not been extensively studied.



DUI could be defined as the offense of driving/operating a vehicle while being impaired by the influence of alcohol/drugs to a pre-defined level, which is known to result in the incapability of the driver to safely drive/maneuver a motor vehicle [18]. DUI has been demonstrated to be significantly associated with severe vehicle crashes [19]. In the United States, about 30% of all motor vehicle fatalities involve drivers with alcohol consumption over the legal limit while driving [20]. In 2020, about 25% of all fatalities from crashes in Texas were associated with driving under the influence of alcohol [2]. The gender gap in DUI convictions has been narrowing over the years, as suggested by a study that used data for the 1992–2008 period from the Mississippi Alcohol Safety Education Program [21]. Another study reported a similar gap-narrowing trend for DUI arrest rates in the United Sates over the 1982–2004 period using data from the Federal Bureau of Investigation, the Centers for Disease Control and Prevention, and the National Highway and Transportation Safety Administration (NHTSA) [22]. Although the gender gap in DUI continues to narrow, female DUI rates remain much lower than male rates, as concluded by a study that used data from 1985–2015 over the United States [23]. An increasing proportion of female DUI clients was observed in another study that used de-identified data (n = 19,619) from a large DUI program in Southern California for the 2009–2014 period [24]. However, the blood alcohol content (BAC) at arrest did not significantly vary by gender [24]. The vehicle control of young female drivers is more likely to be affected at a lower BAC level compared to male drivers, as concluded by a study that used simulated driving data of forty young drivers at four different BAC levels [25]. Except for the common recidivism risk factors for both genders (prior DUI arrest, driving behaviors, and the health consequences of alcohol/drug use), the recidivism risk factors (within 12 months) of driving under the influence (DUI) of alcohol/drugs for male drivers were criminal history and heavy alcohol consumption, while substance use disorder was a unique factor for female drivers [26]. Another study in Pennsylvania concluded that first-time DUI offenders processed through an accelerated rehabilitative disposition program were significantly less likely to be rearrested within the next four years [27]. Male drivers, especially young male drivers, were more likely to be involved in DUI crashes and fatalities [28,29,30,31,32]. Another study concluded that young male drivers (aged 16–20) had the highest relative risk of a fatal single-vehicle injury crash [33].



According to NHTSA, distracted driving includes all activities that might divert the attention of the driver from driving, and includes (but is not limited to) talking/texting on a cellphone or talking to people in a vehicle, eating/drinking, and operating the vehicle’s stereo or navigation system [34]. Studies have identified driver inattention as one of the key causes of motor vehicle crashes [35,36]. The driver’s gender does not affect distracted driving, as reported by a study that found no statistically significant difference in driving experience among drivers (measured as months since full licensure) [37]. Another study also concluded that gender was not statistically associated with distracted driving behavior, but text messaging while driving was statistically significantly associated with males [38]. Males are more likely to send text messages, use a navigation system, and use a cellphone compared to females, who are more likely to interact with children on the back seat or perform personal grooming while driving [39]. Moreover, male drivers were found to post more distracted driving-related contents of their driving on social media than females [40]. Some studies suggest that the perception of male and female drivers towards distracted driving legislation might differ. One study on 510 college-age adolescents concluded that female drivers are more likely to consider “texting while driving” an illegal action compared to their counterparts [41]. Females are more likely to comply with distracted driving rules, and the presence of hand-held cellphone use ban laws while driving was found to reduce hand-held cellphone use in female drivers [42]. Another study found that the odds of female adolescents supporting a law against texting while driving was almost twice that of male adolescents, and suggested that public health campaigns targeted at female adolescents might be more successful [43].



Speeding over the permissible limit of the road by the drivers is one of the key determinants of the likelihood of a traffic crash and injury severity [44,45]. Male drivers are more likely to speed for sensation seeking, and are more likely to be involved in speeding crashes compared to female drivers [46,47,48,49]. However, one study found a contradictory result, in which female drivers reported more frequent speeding intentions [50]. Some studies did not find any significant effect of gender on speeding [51]. The association of driver anger with relatively more frequent speeding behavior has been also reported [52]. One study compared the ticketing patterns of automated cameras and on-duty police using data from Lafayette, Louisiana, and concluded that females are significantly more likely to be given speeding tickets by police officers compared to their male counterparts [53]. Speeding crashes during rainy weather resulted in significantly different severe injuries for male and female drivers, and the pattern of injury severity of male and female drivers varied over time [54]. Another study concluded that young male drivers travelled at a higher average speed and accelerated faster when compared to female drivers [55].



A lane/roadway departure crash is a crash that occurs when a vehicle crosses the edge line/center line or leaves the traveled way [56]. One study analyzed 400 serious injury crashes in Victoria, Australia from 2014 to 2016, and concluded that male drivers were more likely to be injured in lane departure crashes compared to female drivers [57]. Although there is limited research on the effect of gender on lane departure crashes, the effect of lane departure warning systems in vehicles on the driving behavior (by gender) has been well studied. A study found that the use of lane departure warning systems in vehicles reduced the lane departure incidents of male drivers but increased such incidents for female drivers [58]. Male drivers were more likely to turn on a lane departure warning/prevention system while driving, and experienced comparatively more warnings compared to female drivers [59]. A third study concluded that male drivers received fewer lane departure warnings [60]. The use of an integrated crash warning system in a vehicle resulted in a significant reduction in lane-change near crashes for male drivers and road-departure near crashes for female drivers [61]. Novice male drivers were associated with statistically greater variability in lane keeping and maximum departure distance compared to their female counterparts [62]. One study in Louisiana used data of 122,978 crashes over 13 years, and concluded that male drivers are more likely to be involved in lane departure crashes [63]. However, another study in Louisiana found a monotonic decreasing trend for male drivers and an increasing trend for female drivers involved in lane departure crashes [64].



The main objective of this study is to understand how crash rates, injury severity, and driving behaviors differ by the driver’s gender in the City of San Antonio, Texas, with focus on the crash types emphasized in the Texas Strategic Highway Safety Plan. The spatial distribution of crashes associated with the driving behaviors leading to these crashes by gender is also investigated. The identification of high-risk crash locations for different crash types is expected to contribute to safer roadways. Very few studies were focused on the effect of gender on certain types of crashes, and the evaluation of the effect of the gender of the drivers on different crash types is expected to contribute to the existing literature. The City of San Antonio, Texas Department of Transportation, and other stakeholders should benefit from this study when making decisions about resource allocation and design modification/selection. Understanding the effect of driver gender on different crash types should assist the authority/stakeholders in running specialized campaigns to a targeted audience.




2. Study Data and Method


This study used data from the Crash Records Information System (CRIS) maintained by the Texas Department of Transportation (TxDOT) from January 2011 to December 2020. The CRIS database started to collect crash data in 2003, and includes all law enforcement officer-reported crashes that occurred within the State of Texas. Any crash that involves an injury or fatality of an involved person must be reported by the law enforcement officer to TxDOT within 10 days of the crash occurrence. Property damage-only crashes (of $1000 or more) are required to be reported to TxDOT as well, after investigation. Each recorded crash has a unique identifier, along with spatial, environmental, temporal, person-related, vehicle-related, and other relevant information. TxDOT provides yearly crash data in several files (crash, unit, person, primary person, charge, restriction, damage, and endorsement), and different files could be merged using the unique crash identifiers for analysis.



The primary crash contributing factor reported for each crash was used in the selection of alcohol, distraction, lane departure, and speeding crashes. Crashes with “had been drinking” or “under influence of drug/alcohol” as the primary contributing factor were classified as DUI crashes; crashes with “changed lane when unsafe” or “failed to drive in single lane” as the primary contributing factor were classified as lane departure crashes; crashes with “distraction in vehicle”, “driver inattention”, “fatigued or asleep”, or “cellphone use” as the primary contributing factor were classified as distraction-related crashes; and crashes with “failed to control speed”, “unsafe speed”, or “speeding” as the primary contributing factor were classified as speeding-related crashes. The injury severity of the involved persons was divided into two categories: KA (fatal or serious) injury and KAB (fatal, serious, or non- serious) injury.



In order to evaluate the density distribution of alcohol, distraction, lane departure, and speeding crashes by driver gender, heat maps were prepared using ArcGIS Pro (version 2.6) by incorporating a smoothly varying color scheme [65]. The representation of the crash data as a continuous surface and the crash count of locations as density estimations were accomplished using the kernel density method. The value of the density estimation is highest at the center (at the location of the crash occurrence) and gradually decreases away from center [66].



The following quartic kernel function is used in the KDE tool:


   K 2   ( p )  =  {      3  π  − 1      (  1 −  p T  p  )   2     i f    p T  p < 1      0    o t h e r w i s e       



(1)




where    K 2   ( p )    represents the kernel function (usually radially symmetric unimodal) for 2-dimensional  p ,  T  indicates the transpose of the matrix [67], and


  p =   t h e   d i s t a n c e   f r o m   t h e   c e n t e r   o f   t h e   k e r n e l   b a n d w i d t h    



(2)







The following formula predicts the density at any    (  x , y  )    location:


      D e n s i t y =  1     (  r a d i u s  )   2      ∑   j = 1  n   [   3 π  · p o  p j     (  1 −    (    d i s t a n c  e j    r a d i u s    )   2   )   2   ]  ,    ( F o r   d i s t a n c  e j  <     r a d i u s )     



(3)




where the values of   j    =   1 , … , n   represent the input point crashes;   p o  p j    represents the population field value of point  j ; and   d i s t a n c  e j    represents the distance between point  j  and the    (  x ,   y  )    location.



Although heat maps reveal overall crash density distribution, hot spot analysis is required in order to identify locations which are prone to severe injury crashes. This study used the Getis-Ord Gi* statistic in the hot spot analysis to identify hot spots and cold spots (statistically significant spatial clusters of high and low values) of alcohol, distraction, lane departure, and speeding crashes by gender. In this process, for each individual input feature, an output feature is produced with a z-score, p-value, and a confidence level bin with the underlying null hypothesis of complete spatial randomness of features. The presence of statistically significant clustered/dispersed features (based on the z-score, which represents the standard deviation, and the p-value, which represents the probability of randomness in clustering) would reject the null hypothesis. A very small p-value along with very high/low standard deviation suggests the miniscule probability of cluster production from random distribution. An overly smooth pattern is obtained with an excessively large search bandwidth, which makes the differentiation of local hot spots harder. Conversely, a spiky density pattern that shows individual hot spots is obtained from a narrow search bandwidth. Several studies adopted the “trial and error” method to resolve the problem [68,69].



This study explores the significance of the gender in different types of crashes using bivariate analysis and logistic regression analysis. Bivariate analysis is used as an exploratory tool in hypothesis testing in order to determine how the gender of involved persons affects each crash type. The chi-squared test was incorporated in the bivariate analysis to determine if there is any statistically significant difference by driver gender in different types of crash. While the chi-squared test is effective in determining how two variables are related to each other, it cannot take into account the possible confounding factors, and does not ensure a causal relationship. The benefits of logistic regression over bivariate analysis are that logistic regression enables the analysis of how gender affects one type of crash while controlling for other parameters, and that it evaluates the hierarchy of the effect of gender on different crash types. This study used RStudio for logistic regression analysis. The performance of the models was evaluated from the obtained parameters (e.g., null deviance, which represents how well the response could be predicted by the model with only the intercept; residual deviance, which expresses the effectiveness of the response prediction in presence of other predictors, and the respective degrees of freedom). The effectiveness of the regression model (with predictor variables included) in reducing the deviance is evaluated from the difference between the null and residual deviance. The odds ratio (the ratio of the odds of occurrence of an event in the presence and in the absence of the independent variable) was used in the determination of the strength of association. This paper incorporated the logit with the natural logarithm of the odds, as shown by Equation (4):


Logit (Y) = In (Y/1 − Y) = β0 + β1 × Z1 + … + βi × Zi



(4)




where Y represents the probability of the gender of involved person, Zi represents the independent variable, and βi represents the model coefficient.




3. Results and Discussion


3.1. Spatial Analysis


A total of 9873 crashes caused by driving under influence of alcohol/drugs occurred in San Antonio during the study period. These crashes involved 14,479 drivers: 9881 males and 4598 females. Crash coordinates were available for 8525 crashes (5881 male and 2644 female drivers). The crashes resulted in of 757 severe injuries (from 439 crashes), which included 542 male drivers (112 fatalities, 430 serious injuries) and 215 female drivers (43 fatalities, 172 serious injuries).



The DUI crash concentration was highest in the northern part just outside the city center for both male and female drivers. Major intersections in the downtown area have a higher concentration of DUI crashes (Figure 1 and Figure 2). Major intersections on the northern part of the city’s inner highway loop also have a relatively higher concentration of DUI crashes. Male-driver DUI crashes were more frequent along major roads just outside of city center. A substantially high proportion of DUI severe crashes for male drivers was observed at the city center. The number of severe crashes was substantially lower at the city center for female drivers. The pattern of female-driver DUI severe crashes in the downtown area is slightly different.



The proportion of male drivers in driving under the influence of alcohol or drug crashes was statistically significantly higher compared to female drivers in reference to all crashes as well as severe injury-causing crashes. About 2.3% of all male drivers and about 1.4% of all female drivers involved in crashes were driving under the influence of alcohol/drugs. Alcohol/drug-related crashes were responsible for about 5.4% of all severe male-driver crashes and about 3.7% of all female-driver crashes. Female drivers were 40% less likely to be involved in a DUI crash and about 32% less likely to be involved in severe injury-causing DUI crash. Riskier driving behavior while intoxicated and the relatively higher BAC of male drivers might contribute to the higher probability of crashes and severe injury of male drivers in DUI crashes. The proportion of male drivers was substantially higher in all age groups for driving under influence of alcohol or drugs crashes. The proportion of female drivers was relatively higher in the young (age 20–29) and middle-aged (age 30–49) age groups (Figure 3). For drivers aged 65 and older, the proportion of male drivers involved in driving under the influence of alcohol or drug crashes was the highest (about 77%).



A total of 148,787 crashes attributed to distracted driving involving a total of 264,045 drivers occurred during the study period. These crashes include 147,033 male and 117,013 female drivers, and resulted in 3903 severe injuries from 2025 crashes. The resulting injuries involved 2335 male drivers (387 fatalities, 2048 serious injuries) and 1568 female drivers (114 fatalities, 1454 serious injuries). Male drivers were significantly more likely to be involved in a fatal crash attributed to distracted driving compared to female drivers.



Distracted-driving crashes, especially those involving male drivers, have a high concentration at the city center. The difference in the spatial pattern of distracted-driving crashes based on gender is negligible. Distracted-driving crashes are concentrated at intersections near the city center and the intersections of highways and major roads (Figure 4 and Figure 5). Severe distracted-driving crashes were primarily concentrated in the downtown area at the city center and on the northwest and southeast parts of the city center. Segments of highways and major roads around the city’s outer loop also have high concentrations of severe crashes attributed to distracted driving. Severe crashes involving male drivers were more concentrated at major interchanges.



Female drivers were significantly more likely to be involved in distracted-driving crashes compared to their male counterparts when this crash type is expressed as a proportion of the total crashes for each gender. The proportion of severely injured female drivers associated with distracted driving was also substantially higher compared to male drivers. Female drivers were 6% more likely to be involved in distracted-driving crashes, and were 22% more likely to be involved in severe injury-causing distracted-driving crashes. Talking over a cellphone or talking with another person in the vehicle and the use of a cellphone are some of the identified reasons behind the increased risk of female drivers in distracted-driving crashes. The teen (age < 20 years) and older-age groups (age 50–64 years and age 65 years or older) had comparatively higher proportions of male drivers involved in distracted driving (Figure 6). For the young and middle-aged groups, female drivers were relatively more involved in distracted-driving crashes.



A total of 32,371 crashes (involving 55,153 drivers) caused by lane departure occurred in San Antonio during the study period. These crashes include 32,275 male drivers and 22,878 female drivers. Crash coordinates were available for 30,964 crashes. The crashes were responsible for 804 severe injuries (resulting from 444 crashes), including 530 male drivers (112 fatalities, 418 serious injuries) and 274 female drivers (34 fatalities, 240 serious injuries).



Segments of the inner highway loop and Interstate-10 on the northwest part of the city and the outer highway loop on the north part of the city have very high concentrations of lane departure crashes for both male and female drivers (Figure 7 and Figure 8). Segments of Interstate-35, just north of the downtown area, and part of Interstate-10 to the west of downtown area also experience very high concentrations of lane departure crashes. Some minor roads in the city center have very high lane departure crash densities. However, the severe injury crashes were mainly concentrated on the interstate roads (Interstate-10, Interstate-35, and Interstate-37) around the city center. Male and female lane departure crash heatmaps look almost identical, with relatively more severe lane departure crashes at the major interchanges for male drivers. Female drivers have a relatively higher proportion of severe lane departure crashes on the northeast part of the city center. The outer highway loop has relatively more female-driver severe lane departure crashes.



When all lane departure crashes are considered, male drivers are significantly more likely to be involved in a crash compared to their female counterparts. When only severe injury-causing lane departure crashes are considered, the higher likelihood of male driver involvement in crashes is statistically not significant. The likelihoods of a female driver being involved in any lane departure crash and in a lane departure crash resulting in a severe injury were about 8% and 30% lower compared to male drivers. About 58% of all lane departure crashes involved male drivers. For teen drivers (age < 20), the male to female driver ratio related to lane departure crashes was the closest to 1 among all age groups (Figure 9). The proportion of male drivers increases with age, and was the highest in the 50–64 years age group (about 62%).



A total of 33,140 crashes (involving 56,604 drivers) were caused by the speeding of vehicles over the permissible limit occurred during the study period. These crashes include 34,368 male drivers and 22,236 female drivers. Crash coordinates were available for 30,717 crashes. These crashes were responsible for 1888 severe injuries (involving 1141 crashes) including 1364 male drivers (377 fatalities, 987 serious injuries) and 524 female drivers (79 fatalities, 445 serious injuries).



Speeding crashes were primarily concentrated on major roads with relatively higher speed limits. Segments of the inner loop and Interstate-10 and the segment on Interstate-10 in between the inner and outer loops on the northwest part of the city have substantially high concentrations of speeding crashes. Male and female driver crashes exhibit similar patterns n in the overall crash heatmap (Figure 10 and Figure 11). The interstate roads around the city center (Interstate-10 on the west and south side, Interstate-35 on the north side, and Interstate-37 on the east side of the city center) have relatively higher proportion of male-driver speeding crashes. Female-driver crashes were more frequent at the interchanges. Interstate roads are relatively less congested and are of better quality, and drivers might tend to overspeed on these roads more frequently compared to roads with a lower speed limit. Female-driver severe crashes were also more concentrated at the interchanges. Severe crashes involving male drivers were more frequent along some routes (on the inner loop between Interstate-10 and Interstate-35 on the east part of the city, on Interstate-10 in the northwest part, and on the Interstate road segments outside the city center.




3.2. Bivariate Analysis


A total of 484,014 crashes occurred on San Antonio roadways during the study period, involving 787,191 primary persons. Information regarding gender was available for 763,528 persons (432,530 male and 330,998 female). These crashes resulted in a total of 15,599 severe injuries (2618 fatalities, 12,981 severe injuries). Male drivers were among 9878 fatalities/severe injuries (7966 severe injuries, 1912 fatalities), while female drivers were among 5721 fatalities/severe injuries (5015 severe injuries, 706 fatalities).



The results from bivariate analysis (chi-squared test) are represented in Table 1. The results suggest that male drivers are significantly more likely to be involved in a crash under dark lighting conditions, whereas female drivers have a higher probability of being involved in a crash in daylight lighting conditions. A similar proportion is observed for dark and daylight lighting conditions when only fatal and serious injury crashes are considered. In the presence of full or partial daylight (daylight/dawn/dusk lighting conditions), female drivers were 24–35% more likely to be involved in a crash, and were about 28–60% more likely to be involved in a severe-injury crash compared to male drivers.



Consistent with previous studies, male drivers were more likely to be involved in speeding crashes, and suffer more severe injuries from speeding crashes compared to female drivers. Speeding crashes associated with male and female drivers were about 8.0% and 6.7% of all male and female crashes, respectively. Speeding crashes were responsible for 14.1% and 9.4% of all severe injuries involving male and female drivers, respectively. The likelihood of involvement in a speeding crash was 17% lower for female drivers. When only severe injury-causing crashes are considered, the likelihood of involvement of female drivers in a speeding crash was about 37% lower.



The teenage group has the highest proportion of male drivers (65%) among all age groups, followed by the 65 years and older group (Figure 12). Overall, about 60% of all speeding crashes involved male drivers.



Female drivers are significantly more likely to be involved in a crash on roads with straight-level alignment. The likelihood of involvement in a crash on straight-level roadways was about 18% greater for female drivers. For all other road alignment types, the likelihood of a crash was greater for male drivers. Statistically significant differences in the crash frequency and injury severity of male and female drivers was observed for different roadway speed limits. When the roadway speed limit was greater than 45 mph, the observed crash frequency involving male drivers was significantly lower than expected. However, the rate of severe injuries suffered by male drivers on roadways with greater than a 45 mph speed limit was significantly higher than expected. This suggests that female drivers are more likely to be involved in crashes on roads with a higher speed limit, but those crashes tend to be significantly less severe compared to male driver crashes on those roads. Female drivers were about 17% less likely to be involved in a crash on roadways with a speed limit greater than 45 mph, and about 20% less likely to sustain a severe injury on those roadways compared to male drivers. Male drivers are associated with relatively more reckless driving and speeding, which might be the reason behind there being more severe crashes involving male drivers on roads with a higher speed limit.



Crash frequency and crash severity varied significantly by gender for different road classes. Male drivers were more likely to be involved in crashes on interstate and US/State Highways, but the crash severity of male drivers was only significantly higher on interstate highways. The likelihood of severe crashes for female drivers was highest on the city streets and Farm-to-Market roads. This observation is consistent with the association of the roadway speed limit and gender of driver. Interstates have the highest speed limit, and crashes tend to be more severe compared to those on city streets [70]. Female drivers were about 14% less likely to be involved in any crash type on interstates compared to male drivers. The maneuvering tasks on interstates are relatively easier due to one-way traffic and lesser variation in the traffic environment. This might imply that female drivers feel more comfortable in uniform traffic conditions while male drivers are comparatively more adept at handling road environment variations.



Male drivers were relatively less frequently involved in crashes during the daytime, and the difference between the expected and observed crashes was statistically significant. The risk of severe injury of male drivers was significantly higher during the nighttime period. Female drivers, on the other hand, were more susceptible to severe injury during a daytime crash, and they were statistically more frequently involved in daytime crashes than expected. Female drivers were about 30% less likely to suffer from a crash, and about 40% less likely to sustain a severe injury from a nighttime crash compared to their male counterparts. The increased risk of severe injury of male drivers during the nighttime might be attributed to certain driving behaviors of male drivers (e.g., reckless driving, risk taking, driving under influence of alcohol or drugs, and speeding).



Female drivers experienced significantly more crashes and severe injuries than expected during the weekdays. About 20.7% of all crashes involving female drivers occurred in the weekend period, which resulted in about 26.0% of all severe injuries suffered by female drivers. On the other hand, about 23.3% of all crashes involving male drivers occurred during the weekend period, which resulted in about 30.6% of all severe injuries suffered by male drivers. Female drivers were 14% less likely to suffer from a crash, and were 20% less likely to sustain a severe injury during the weekend period compared to male drivers. The higher proportion of DUI and speeding crashes during the weekend period (which involves a relatively higher proportion of male drivers) might be the reason behind the increased crash frequency and crash severity risk for male drivers.



The primary traffic control of the roadway was a significant factor that affected the crash frequency and injury severity of male and female drivers. When the traffic was primarily controlled by stop/yield signs, crosswalks, or signal lights, female drivers were at significantly greater risk of being involved in or being severely injured by a crash. On the other hand, when the traffic was primarily controlled by dividers or marked lanes, the male drivers were more susceptible to a crash and any subsequent severe injury resulting from the crash. This might emphasize the difference in driving skill by gender. Male drivers might be more adept in handling the vehicle when the traffic is primarily controlled by stop or yield signs, signal lights, and crosswalks, while female drivers might maneuver the vehicle in a safer way when the traffic is primarily controlled by dividers or marked lanes. Compared to male drivers, female drivers were 16% more likely to be involved in a crash when traffic was controlled by stop/yield signs, signal lights, or crosswalks, and the likelihood of a severe injury increased by 45%.



The roadway surface condition is another factor that significantly affected crash frequency by gender. When the road surface condition was ice/snow/standing water/wet, male drivers were significantly more likely to be subjected to a crash. Female drivers were subjected to fewer crashes than expected under such adverse conditions. This suggests that female drivers are more cautious while driving in adverse surface conditions, and that they can handle such adverse conditions better than male drivers in terms of avoiding a crash. The likelihood of female drivers being involved in a crash in adverse surface conditions was about 8% lower than male drivers. The risk of severe injury crashes on adverse road surfaces was slightly increased for female drivers. However, the increase was not statistically significant.



Weather conditions significantly affect the crash frequency by gender of the driver. Similarly to adverse surface conditions, female drivers were more adept in terms of avoiding a crash under inclement weather conditions, and the observed crash count involving female drivers under adverse weather conditions was significantly lower than the expected crash count. Female drivers were about 9% less likely to be involved in a crash compared to male drivers under inclement weather conditions, but their severe injury risk was slightly greater than that of male drivers.




3.3. Logistic Regression Analysis


The logistic regression model was developed using environment, temporal, road, and drive-related variables. While bivariate analysis discretely identifies the most important predictors, the logistic regression model takes all variables into consideration at the same time in order to identify the most important predictors. Two logit models were constructed: one for all crashes, and the other for severe-injury crashes. The coefficient estimates are represented in log-odds terms along with respective reference categories, standard error, significance, and odds ratio (Table 2). The effect of the gender of the driver on each categorical variable could be inferred from the sign and value of the respective estimated coefficient. A negative estimated coefficient is indicative of a decrease in the odds of a female-driver crash or an increase in the odds of a male-driver crash. Conversely, a positive coefficient of the coefficient indicates an increase of the female-driver crash odds or a decrease in the male driver crash odds. For example, when all crashes are considered, the weekend period is associated with a negative coefficient (−0.12) and the weekday period is the reference category. This implies that a change from the weekday period to weekend period decreases the log-odds of a female driver crash or increases the log-odds of a male driver crash by 0.12. Similarly, when only severe injury crashes are considered, the coefficient associated with the weekend period (−0.148) implies that a change from the weekend to weekday period would increase the log-odds of a male driver crash by 0.148. The significance of any variable is expressed with asterisk signs, and (***), (**), and (*) respectively indicate that the p-value is less than 0.001, 0.01, and 0.05 (i.e., the variable significantly affects the crash frequency/severity by gender). The quantification of the strength of association is expressed with an odds ratio. For example, the significance level associated with the weekend period (***) implies a statistically significant association with crash frequency by gender, and the value of the odds ratio (0.89) implies that female drivers are less likely to be involved in a crash during the weekend period (Table 2). When only severe crashes are considered, the likelihood of a female driver sustaining a severe injury is about 0.86 times than that of a male driver.



The logistic regression analysis results are generally consistent with the bivariate analysis findings. However, the strength of association and statistical significance were different for several variables. Nonetheless, the directions of the effects of different variables on crash frequency/severity by gender were similar in both models. Unlike the bivariate analysis (for which all of the selected variables significantly affected crash severity by gender), road alignment, weather conditions, surface conditions, and intersection status did not significantly affect the crash severity by gender. While bivariate analysis determines the effect of a variable on crash frequency/severity as a stand-alone variable, logistic regression determines the effect of one variable in the presence of the other variables, and the difference in the results between the two models reflects this phenomenon. The difference in results between the two models is evident for severe crashes as well. All of the variables considered were found to significantly affect the crash frequency by gender as standalone variables in the bivariate analysis when all crashes are considered. However, logistic regression did not determine the weather conditions, surface conditions, road alignment, and the presence/absence of an intersection to significantly affect crash frequency when all crashes were considered. Except for road alignment, surface conditions, lane departure, and weather conditions, all other variables significantly affected crash severity by gender in the bivariate analysis. In addition to these variables, road class, driving under the influence of alcohol/drugs, and the presence/absence of an intersection were also deemed to be not significantly associated with crash severity by gender in the logistic regression model. The crash occurrence time, speeding, traffic control, and ethnicity of driver were the most significant predictors in the prediction of severe crashes by gender.



The magnitude of the effect of several variables on crash frequency/severity by gender was also substantially different in the two models. While the ORs of a female driver being involved in any crash or in a severe crash under daylight lighting conditions were 1.35 and 1.61, respectively, compared to dark lighting conditions in the bivariate analysis, the magnitudes were considerably modest in the logistic regression model (1.10 and 1.21, respectively, for all crashes and severe crashes). In general, the magnitude of the odds ratio of any variable (for all crashes or for severe crashes only) was considerably lower in the logistic regression model when the effect of the variable is evaluated in the presence of other variables compared to its effect as a standalone variable.





4. Conclusions


This study examined speeding, alcohol, lane departure, and distracted-driving crashes, and their dependence on the driver’s gender in the city of San Antonio, Texas; it also analyzed the effect of environmental, temporal, human, and crash-related variables on crash frequency and crash severity using 10-year crash data. Bivariate analysis and logistic regression were used to evaluate the effect of selected variables individually and in presence of other variables on crash risk and severity. The analysis revealed that the most prominent predictors of male-driver crashes and severe injuries were speeding, DUI, lane departure, dark lighting conditions, the weekend period, nighttime, and interstate/highway roads. For any of the selected variables, the magnitude at which a variable affected crash frequency or crash severity by gender was substantially less pronounced in the logistic regression model compared to bivariate analysis. The consideration of the effects of other variables while evaluating the effect on any specific variable might be the reason behind the relatively low OR values in the logistic regression model.



Female drivers were less likely to be involved in a crash during adverse road surface and weather conditions, possibly due to their more careful driving approach in those conditions. However, both bivariate analysis and logistic regression suggest that they were more likely to sustain a severe injury from those crashes compared to male drivers. Female drivers might be less adept at following traffic signals and maneuvering on stop/yield signs, as they were more likely to suffer from a crash when the traffic was primarily controlled by signals/signs. However, they performed better than male drivers in terms of avoiding crashes when traffic was controlled by a divider or marked lanes. Female drivers were also less likely to be involved in a crash on interstate roads/highways, and were more likely to suffer from a crash on city streets. These might be indicative of the better performance of female drivers in conditions with less variation or which require less maneuvering.



Previous studies found that male drivers are more likely to engage in activities leading to the distraction of the drivers, and female drivers are more likely to comply with rules that discourage distracted driving [38,42]. However, the results from our study suggest that female drivers were significantly more likely to suffer from a distraction crash and severe injury compared to male drivers. Male drivers are more likely to speed and be involved in speeding crashes and subsequent severe injuries. This observation is consistent with the relationships with other variables such as the road speed limit and road class, where roads with speed limit greater than 45 mph and interstate/highway roads increased the likelihood of a male-driver crash/severe injury.



Nighttime (8 pm to 6 am) and dark lighting conditions are known to be associated with more severe crashes [36]. The proportion of crash-associated male drivers was significantly greater than their female counterparts during nighttime and under dark lighting conditions, which might explain the increased crash severity risk of male drivers under those conditions. Additionally, male drivers are overrepresented in DUI crashes. DUI crashes are relatively severe, and a substantial proportion of DUI crashes occur in late night hours under dark lighting conditions [71], thus increasing the injury severity of male drivers. The likelihood of a lane departure crash and subsequent injury was greater for male drivers, which is consistent with previous research [57]. Compared to other age groups, the proportion of young (<20 years) male and female drivers was substantially higher for speeding and lane departure-related crashes, respectively. Older male drivers (aged 65 or older) were involved in a higher proportion of DUI and distraction-related crashes. These observations could be helpful in designing age group-specific safety campaigns.



The difference in the spatial distribution of distracted driving, speeding, lane departure, and DUI crashes by gender was negligible. However, severe crashes related to these driving behaviors exhibited some differences by gender. In the case of lane departure and distracted-driving severe crashes, male drivers were more common victims of severe injuries at the interchanges, whereas female drivers were more likely to suffer from a speeding severe injury at interchanges. Overall, the interstate road segments near the city center, and the segments on city inner and outer highway loops were associated with the highest concentration of driving behavior-related crashes.



The authors acknowledge a few limitations of this study. The reported injury severities were not cross-checked with hospital data or other external sources, and were dependent on the judgement of the reporting law enforcement officers, which can be subject to error. Crash data analyses could be prone to sample selection bias (the people involved in crashes might not accurately represent the general road user population), and the data used for this study are no exception. Coordinates for some crashes were missing in the data, and the heatmaps were prepared with the available crash coordinates only (93% of all crashes). In the case of hit and run, fled scene, and other incidents for which the crash severity could not be determined, the crash severity was reported as unknown for those persons. Another limitation is that traffic volume data were not available for the spatial analysis. Finally, the authors are aware that driving patterns certainly differ by gender, e.g., females tend to drive less during late-night hours, which might explain some of the results
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Figure 1. Heat map of all DUI crashes in San Antonio involving female drivers (2011–2020). 
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Figure 2. Heat map of all DUI crashes in San Antonio involving male drivers (2011–2020). 
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Figure 3. DUI crash count and crash proportion by the age and gender of the driver. 
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Figure 4. Heat map of all distracted-driving crashes in San Antonio involving female drivers (2011–2020). 
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Figure 5. Heat map of all distracted-driving crashes in San Antonio involving male drivers (2011–2020). 
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Figure 6. Distracted-driving crash count and crash proportion by the age and gender of the driver. 
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Figure 7. Heat map of all lane departure crashes in San Antonio involving female drivers (2011–2020). 
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Figure 8. Heat map of all lane departure crashes in San Antonio involving male drivers (2011–2020). 
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Figure 9. Lane departure crash count and the crash proportion by the age and gender of the driver. 
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Figure 10. Heat map of all speeding crashes in San Antonio involving female drivers (2011–2020). 
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Figure 11. Heat map of all speeding crashes in San Antonio involving male drivers (2011–2020). 
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Figure 12. Speeding crash count and crash proportion by the age and gender of the driver. 
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Table 1. Bivariate analysis results for all crashes and severe crashes.
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All Crash

	
KA Crash




	
Variable

	
Reference

	
df

	
p-Value

	
Chi-Squared

	
OR

	
p-Value

	
Chi-Squared

	
OR






	
Lane Departure_Yes

	
Lane Departure_No

	
1

	
2.20 × 10−16

	
84.6

	
0.92

	
9.51 × 10−2

	
2.8

	
0.70




	
Alcohol_Yes

	
Alcohol_No

	
1

	
2.20 × 10−16

	
807.5

	
0.60

	
5.00 × 10−6

	
20.8

	
0.68




	
Distraction_Yes

	
Distraction_No

	
1

	
2.20 × 10−16

	
152.8

	
1.06

	
5.00 × 10−6

	
26.1

	
1.22




	
Speeding_Yes

	
Speeding_No

	
1

	
2.20 × 10−16

	
411.7

	
0.83

	
2.20 × 10−16

	
69.9

	
0.63




	
Weekend

	
Weekday

	
1

	
2.20 × 10−16

	
775.9

	
0.86

	
9.38 × 10−10

	
37.5

	
0.80




	
8 p.m.–6 a.m.

	
6 a.m.–8 p.m.

	
1

	
2.20 × 10−16

	
3487.2

	
0.70

	
2.20 × 10−16

	
190.0

	
0.60




	
Intersection_Yes

	
Intersection_No

	
1

	
2.20 × 10−16

	
420.8

	
1.11

	
4.03 × 10−10

	
39.1

	
1.24




	
Speed Limit > 45 mph

	
Speed Limit ≤ 45 mph

	
1

	
2.20 × 10−16

	
1168.1

	
0.83

	
2.28 × 10−8

	
31.2

	
0.80




	
Road Class: Other

	
Interstate/US & State Highway

	
1

	
2.20 × 10−16

	
605.3

	
1.12

	
8.10 × 10−4

	
11.2

	
1.12




	
Road Alignment: level

	
Grade/Hillcrest

	
1

	
2.20 × 10−16

	
69.1

	
1.06

	
0.13

	
2.4

	
1.07




	
Lighting Condition:

Daylight

	
Dark

	
1

	
2.20 × 10−16

	
3099.6

	
1.35

	
2.20 × 10−16

	
136.1

	
1.61




	
Weather Condition: Inclement

	
Clear

	
1

	
2.20 × 10−16

	
128.8

	
0.91

	
0.77

	
0.1

	
1.02




	
Surface Condition: Wet/Inclement

	
Dry

	
1

	
2.20 × 10−16

	
124.6

	
0.92

	
0.50

	
0.5

	
1.04




	
Traffic Control: stop/yield/signal/crosswalk

	
Divider / marked lane

	
1

	
2.20 × 10−16

	
662.3

	
1.16

	
2.20 × 10−16

	
89.3

	
1.45
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Table 2. Logistic regression results for all crashes and severe crashes.






Table 2. Logistic regression results for all crashes and severe crashes.





	
Variable

	
Reference

	
All Crashes

	
Severe Crashes




	
Estimates

	
Std Error

	
OR

	
Estimates

	
Std Error

	
OR






	
intercept

	

	
−0.598 ***

	
0.031

	

	
−0.788 ***

	
0.181

	




	
Daylight

	
Dark

	
0.097 ***

	
0.011

	
1.10

	
0.190 **

	
0.067

	
1.21




	
Speeding

	
No_Speeding

	
−0.125 ***

	
0.012

	
0.88

	
−0.341 ***

	
0.069

	
0.71




	
Other Roads

	
Highway/Interstate

	
0.038 ***

	
0.007

	
1.04

	
−0.019

	
0.050

	
0.98




	
Weekend

	
Weekday

	
−0.120 ***

	
0.007

	
0.89

	
−0.148 **

	
0.046

	
0.86




	
Speed Limit > 45

	
Speed Limit ≤ 45

	
−0.131 ***

	
0.009

	
0.88

	
−0.158 *

	
0.062

	
0.85




	
Not_distracted

	
dstracted

	
−0.041 ***

	
0.006

	
0.96

	
−0.111 *

	
0.049

	
0.90




	
8 p.m.–6 a.m.

	
6 a.m.–8 p.m.

	
−0.211 ***

	
0.012

	
0.81

	
−0.274 ***

	
0.072

	
0.76




	
Level Road Alignment

	
Hillcrest/Grade Road Alignment

	
0.002

	
0.008

	
1.00

	
−0.039

	
0.052

	
0.96




	
Inclement weather

	
Clear weather

	
−0.024

	
0.017

	
0.98

	
0.080

	
0.129

	
1.08




	
Adverse surface condition

	
Dry surface condition

	
−0.019

	
0.014

	
0.98

	
0.113

	
0.107

	
1.12




	
Intersection_Yes

	
Intersection_No

	
−0.002

	
0.007

	
1.00

	
−0.015

	
0.054

	
0.96




	
Not_DUI

	
DUI

	
0.269 ***

	
0.024

	
1.31

	
0.113

	
0.107

	
1.12




	
No_lane_departure

	
Lane Departure

	
0.067 ***

	
0.012

	
1.07

	
0.186

	
0.100

	
1.20




	
Signal light/stop/yield/crosswalk

	
Divider/marked lane

	
0.079 ***

	
0.007

	
1.08

	
0.251 ***

	
0.055

	
1.29








Note: Significance code: *** means p < 0.001; ** means p < 0.01; * means p < 0.05.
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