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Abstract

:

The objective of this study was to identify the most salient driver faults that cause crashes on some Jordanian rural and suburban roadway segments, to examine crashes with distracted driving as the driver’s fault, and to investigate the differences between crashes caused by distracted driving. Data for more than 10,200 crashes on nine roadway segments (five rural and four suburban) were accessed from the relevant government agency, but only n = 2472 were used for analysis after controlling for crashes specified as being caused by drivers’ distracted driving. IBM SPSS version 22 was used to perform descriptive analysis and independent samples’ t-tests. The results revealed that distracted driving was the second most common driver fault to cause crashes and the second main cause of fatalities and injuries on both rural and suburban roadways. Distracted driving on rural highways appears to be more fatal, whereas it caused more crashes with severe injuries on suburban roads. The variables at junction, road grade, number of lanes, weather condition, crash type, and number of vehicles involved were found to be statistically significant but with a small effect size. The following categories showed high percentages of distracted driving crashes on rural and suburban roadways: males, drivers 25–39 years old, non-holidays, weekdays, tangent sections, two-way divided roads, not at junction, level roads, two-lane roads, clear weather, dry surface, daylight, and automobile vehicles showed high percentages of distracted driving crashes on rural and suburban roadways. Differences between crashes on rural and suburban roadways caused by distracted driving were found to be small.
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1. Introduction


Safe driving entails a complex combination of behaviors in which the driver is required to successfully perform a number of complex activities concurrently [1]. Such activities include (but are not limited to) route detection and tracking, speed and lateral position controlling, collision avoiding, road laws obeying, and vehicle systems status monitoring [2]. Drivers are often observed as engaging in activities that will likely divert their attention away from the main crucial activity required for safe driving [1]. Pashler [3] pointed out that humans normally have limited capability to carry out more than two tasks in parallel.



The definitions of distracted driving reported in the literature vary. Distracted driving occurs when the recognition of the information required for safe driving is delayed due to something such as an individual, an event, or an activity inside or outside the vehicle, forcing the driver to divert his attention away from the driving task [4,5]. Distraction can undermine driving performance and impact driver behavior in different ways and to various degrees. Dingus et al. [6] maintained that driver distraction and slips of attention have a significant influence on road crashes and other related road safety issues. Distraction reduces the performance of the driver and is an important factor in the occurrence of traffic accidents [7,8]. Louw et al. [9] indicated that over 90% of reported traffic accidents were the outcome of human error and caused by issues related to the acquisition of visual information. Moreover, drivers can be held responsible for causing 90% of critical traffic conditions [6,10]. Khattak et al. [11] indicated that human factors still contribute to 93% of crashes, whereas recognition errors (including distraction) are found to be the driving error contributing to the highest percentage of crashes.



Regan et al. [12] defined driver inattention as “…insufficient, or no attention, to activities critical for safe driving”. They also listed several forms of driver inattention such as biological factors that block the driver from noticing crucial information for safe driving; misprioritized attention of drivers (i.e., drivers’ attention focused on one side of driving while excluding another); and driver distraction, which is considered as one form of driver inattention where a competing or a secondary task (which can be driving-related or non-driving-related) diverts the attention of the drivers away from crucial safe driving tasks.



Goodsell et al. [1] conducted a comprehensive review of studies on driver distraction and listed four major moderating factors that might influence the occurrence of driver distraction. The first moderating factor is driver characteristics (age and driving experience). The second moderating factor is the level of demand of the driving task. Weather, traffic, and road conditions were found to influence the demand of driving tasks [13]. The third moderating factor is the level of demand for attention of the competing activity (i.e., visual–manual vs. auditory–vocal). The fourth moderating factor is the drivers’ ability to change their behavior to keep satisfactory driving performance in the face of competing tasks (also known as self-regulation) [14].



Shortfalls of driving performance due to engagement in competing tasks have been found to include the following: poor lane keeping and speed control, increase in reaction time, skipping traffic signals, inadequate headway distances, risky gap acceptances, reduction in situational awareness, and visual scanning of the roadway [15,16,17,18]. Many of these shortfalls in driving performance are correlated with a substantial risk of crashes [6]. For example, poor speed control, when examined separately from other causal factors such as driver distraction, might increase crash risk by 12.8 times, and short headway distances can increase crash risk by 13.5 times [6].



Young et al. [13] indicated that driver distraction might be affected by the demand of the driving task, which in turn may be influenced by factors such as weather, traffic, and road conditions. Generally, more demanding tasks impair driving performance more. Accordingly, it is expected that distractions in different areas and road types may vary.



Driving tasks might be affected by road aggressiveness [19]. Spanish drivers’ perceptions of aggressive behavior and the most aggressive acts performed when driving were studied by Alonso et al. [19]. Their results show that both infractions and dangerous behaviors correspond to aggressive driving, which definitely becomes a source of distraction. It has also been found that drivers who tend to have several accidents give less importance to elements that can affect the driving task such as distraction.



Xuedong et al. [20] indicated that crash rates in rural sections are regularly lower than those in urban ones. They also indicated that rural areas have lower crash risk when compared to urban places. Additionally, it was found that an increase in traffic volume and section length would increase the frequency of crashes and lower the chances of the occurrence of severe crashes. Research indicates that fatality rates in rural areas are higher than in urban locations [21,22,23]. Similarly, it is expected that suburban roadways will have similar characteristics of crash potential. Suburban roadways are transitional high-speed roadways between low-speed urban streets and high-speed rural highways. They have the characteristics of both rural (i.e., high-speed) and urban (i.e., with curb and gutter used for drainage) roadways [24]. Territorial variables (built environment and physical severance) can affect the occurrence of accidents, even due to distraction. In their study on traffic crashes on rural roads with older pedestrians, Casado-Sanz et al. [25] indicated that a small number of studies in the literature have discussed territorial variables (built environment and physical severance). Casado-Sanz et al. [25] aimed at determining the significant factors that increase the probability of a fatal outcome in the case of a crash involving at least one seriously injured individual at rural crosstown roads. The results revealed that the physical severance index (territorial variable) was very significant and suggested that the probability of a fatal outcome on a lateral rural crosstown road is almost two times higher than that at the baseline condition of a central rural crosstown road.



In Jordan, the rapid growth in population was accompanied by an increase in vehicle ownership. According to Jordan’s Department of Statistics [26], there were about 10.5 million inhabitants in 2019. Additionally, Driver and Vehicle License Department (DVDL) [27] records show that the number of licensed drivers in 2019 exceeded 2.5 million, and that there were around 1.6 million registered vehicles. The majority of Jordan’s population (90.33%) live in urban or suburban areas (areas are classified as follows: urban when the population > 10,000 inhabitants, and suburban when the population falls between 5000 and 10,000 inhabitants [28]). Consequently, a rapid growth in population and vehicle ownership has contributed, among other factors, to the increasing number of crashes.



Accident statistics clearly show that when compared to developed countries, Jordan suffers from a relatively low level of traffic safety, which results in great socio-economic losses. The Annual Report of Traffic Accidents in Jordan [29] showed that 161,511 traffic accidents occurred in Jordan in 2019, of which 10,857 were human injury accidents that resulted in 643 fatalities at an estimated financial cost of around USD 454 million. When compared with accidents worldwide, Jordan ranked in the top four countries in the year 2017 in relation to deaths per 10,000 vehicles. In the year 2019, human-related factors were responsible for 98.2% of accidents in Jordan that resulted in human injuries. Driver fault (not taking the necessary precautions) accounted for a high percentage (around 40%) of injuries and deaths in 2019 [26].



Due to the significant impact of distraction on driver performance and the great losses resulting from it, this study aimed to identify the most salient driver faults that cause crashes on nine segments of Jordan’s rural and suburban roadways using the available crash data. The study also sought to examine crashes with distracted driving as the driver’s fault and to investigate the differences between crashes caused by distracted driving on rural and suburban roadways. Knowing which road factors influence distracted driving on rural and suburban roadways can help researchers, traffic experts, and authorities to identify the most effective measures that may reduce driver distraction and target different driver groups with the best practices that fit their driving behaviors and keep them attentive. Likewise, the best practices can be implemented on different roadway types, under varying weather conditions, and at different times of the year.




2. Methodology


2.1. Crash Data


The data used in this study were extracted from traffic accident records obtained from the Jordan Traffic Institute for the years 2014 to 2018. The available data provide information about more than 10,200 crashes on nine roadway segments (five rural and four suburban), which connect different areas with Amman (capital city of Jordan). The information includes crash date and time; driver’s age, gender, and fault; pavement surface type and condition; lanes’ direction, number, horizontal alignment, and grade; weather and lighting conditions; crash type and speed of vehicles involved; severity; and location coordinates. Some of the driver age records were incomplete (missing or mistakenly entered). The retention of cases with outliers (out-of-range values) can distort the results of the analyses; hence, such cases were either corrected or deleted [30]. It is worth mentioning here that distracted driving was listed among drivers’ faults, but the records mentioned nothing about what caused the distraction. Therefore, it is assumed that distracted driving may be attributed to any of the known distraction types (visual, manual, cognitive, and auditory) or a combination of them. Although some of the drivers’ faults can be interrelated—for example, distraction can lead to degraded lane keeping, speed control problems, missed traffic signal, etc.—the results presented here depend solely on the provided information, and thus, there is no way to find such a link between the driver’s faults. Therefore, the total sample size analyzed in this study was restricted to those cases that the police clearly indicated as being caused by distracted driving (n = 2472). Among the 2472 crashes that were caused by distracted driving, 910 (36.8%) occurred in suburban areas, and 1562 (63.8%) took place in rural areas. The details of the collected data and their categories are discussed in the next section.




2.2. Data Analysis


The IBM SPSS version 22 statistical software package was used to perform independent samples t-tests to determine whether there were statistically significant differences between drivers. The analysis conducted in this work consisted of two levels. In the first level, an analysis of drivers’ faults was conducted by using descriptive statistics to discover the most common driver faults responsible for causing crashes on rural and suburban roadways. In the second level, on the other hand, an independent samples t-test analysis was used to examine the characteristics of distracted driving crashes and investigate the differences between crashes caused by distracted driving on rural and on suburban roadways based on human- and location-related factors.





3. Analysis and Results


3.1. Drivers’ Faults Analysis


The analysis of the available accident data for both rural and suburban roadway segments for the years 2014–2018 is shown in Table 1 below. The analysis revealed that three of the drivers’ faults listed in Table 1 were responsible for almost 73% of all reported crashes. Lane departure (25.95%), distracted driving (24.19%), and tailgating (22.79%) were the top driver faults causing crashes. In fourth and fifth places came traffic rules violation (9.6%) and wrong-way driving (8.21%). The remaining driver faults, listed in Table 1, were responsible for less than 10% of reported crashes. Moreover, the analysis of the severity of crashes showed that the most frequently occurring driver’s faults (lane departure and distracted driving) were the causes of crashes with the highest severity. These driver faults were responsible for almost 81% of the total reported fatalities, 77% of severe injuries, 63% of moderate injuries, 67% of slight injuries, and almost 46% of property damage only (PDO) crashes. Reckless driving was ranked as the third major fault causing fatalities with almost 7%, and control loss and traffic rules violation were also responsible for nearly 7% of reported fatalities.




3.2. Distracted Driving Analysis


As stated earlier, distracted driving was found to be the second highest ranking drivers’ fault responsible for crashes on rural and suburban roads, and it was the second most hazardous cause of fatalities and injuries. Available records show that the number of crashes with distracted driving listed as the driver’s fault is 2472, which represents 24.19% of all crashes. Distracted driving as a driver’s fault was responsible for 22.7% of fatalities, 22.7% of severe injuries, 21.6% of moderate injuries, 24.4% of slight injuries, and 22.4% of PDO crashes. The characteristics of these crashes are discussed based on statistics acquired from the available data. Differences between crashes on rural and suburban roads caused by distracted driving were investigated based on three different factors: human- and time-related factors, presented in Table 2; road- and environment-related factors, presented in Table 3; and crash-type- and vehicle-related factors, shown in Table 4. Among the 2472 crashes with distracted driving listed as the driver’s fault, 910 (36.8%) occurred in suburban areas and 1562 (63.8%) took place in rural areas. The severity of crashes in rural and suburban roads is presented in Figure 1. Distracted driving in rural areas seemed to be more fatal, whereas that on suburban roads led to more severe injuries.



Table 2 shows the characteristics of crashes caused by distracted driving as the drivers’ fault according to human- and time-related factors. According to the table, males were responsible for almost two-thirds of the crashes on both rural and suburban roadways. The differences in crash percentages between rural and suburban areas for males and females indicate that females were more distracted on rural roadways than males were, who appeared to be more distracted on suburban roadways where driving tasks are more demanding. Table 2 shows that drivers in the age group of 25–39 years were responsible for 64.2% of crashes, while drivers in the age group of 40–54 years caused only 22.7% of distracted driving crashes on both rural and suburban roadways. The percentages of crashes between age groups for rural and suburban areas show no major difference, except a slight increase in percentage in suburban areas for drivers of the age group 40–54.



The analysis in Table 2 shows that the majority of crashes (96%) occurred on “no holiday” days. The percentages of crashes between “holiday” and “no holiday” show no major differences between rural and suburban roadways. Distracted driving crashes during weekdays are almost three times more frequent than those that occur on weekends. Unlike suburban roadways, rural roadways seem to have slightly more distracted driving crashes during weekdays, although suburban roads show more crashes during weekends. Table 2 also shows that around 69% of distracted driving crashes occurred at midday and evening on both rural and suburban roadways. Morning and night-time crashes caused by distracted driving seem to be slightly more common on suburban roadways. Meanwhile, rural roadways show a higher percentage of crashes due to distracted driving around midday.



The characteristics of crashes caused by distracted driving as the drivers’ fault according to road- and environment-related factors are shown in Table 3. More than 98% of these crashes took place on tangent sections on both rural and suburban roads. A higher percentage of crashes caused by distracted driving on two-way divided roads took place on suburban roads, whereas a higher percentage of crashes were seen on one-way and two-way undivided rural roads. The analysis shows that the majority of crashes (87.62%) took place at “no junction” roadway sections in both rural and suburban areas. The percentage of “at junction” crashes was slightly higher on suburban roads.



Table 3 shows that the majority of distracted driving crashes occurred on level grades, under dry surface conditions, in clear weather, and on two-lane roads for both rural and suburban areas. Rural roads witnessed more crashes at level grades, while suburban roadways saw more crashes on descending sections. No major difference was noticed in terms of the surface condition between urban and suburban areas. A higher percentage of crashes with distracted driving was noticed on two-lane rural roadways, while a higher percentage of crashes was seen on three-lane suburban roads. Suburban roads witnessed more crashes with distracted driving noted as the driver’s fault during clear weather and daylight hours, whereas more crashes were seen on rural roadways when lighting conditions were dark.



The characteristics of crashes caused by distracted driving as the driver’s fault according to crash-type- and vehicle-related factors are shown in Table 4. Collision, with a percentage of 83.62%, was the most often occurring crash type in both rural and suburban areas. Crash types caused by distracted driving seem to occur in different percentages in rural and suburban roadway sections. Collision and run-off-road (ROR) crashes occurred in higher percentages on rural roads, whereas more pedestrian crashes were seen on suburban road sections. Crashes that involved more than one vehicle were seen in higher percentages in suburban road sections.



Distracted driving crashes that occurred at speeds of 40–80 km/h were the most observed among all speed categories. The highest percentage of crashes on suburban roads occurred at speeds of 40–80 km/h, while for rural roads, the highest percentage of crashes occurred at speeds of 60–100 km/h. Crashes at speeds of higher than 100 km/h seemed to occur on rural roads only. Rural roads witnessed a higher percentage of crashes caused by distracted driving involving automobiles, medium vehicles, and tractor vehicles. On the other hand, crashes on suburban roads involved more light and heavy vehicles.



After comparing the differences between crashes resulting from distracted driving on rural and suburban roads based on crash percentages, a statistical analysis was conducted to assess whether these differences are statistically significant. Table 5 shows the results of the independent samples t-test for rural and suburban roadways. Six variables were found to be statistically significant: at junction, road grade, number of lanes, weather condition, crash type, and number of vehicles involved. For these variables with statistically significant differences, the effect size was calculated using Eta square and classified using Cohen’s [31] guidelines, where 0.01 = small effect, 0.06 = moderate effect, and 0.14 = large effect. From the foregoing, and as shown in the table below, the six variables with statistically significant differences ended up having only a small effect. This indicates that the reported differences do not have a strong effect.



Moreover, the independent samples test was also conducted to explore whether differences exist between genders in terms of distracted driving. The results shown in Table 6 below indicate that differences only exist under three conditions, namely road surface conditions, weather conditions, and lighting conditions. However, the effect size calculations revealed that the differences were very small, as reflected by the fact that no values crossed Cohen’s [31] guideline classifications for a small effect size (0.01).





4. Discussion


The driver fault analysis conducted in this study proves the significant influence of distraction on driver performance and the great losses resulting from it. The analysis revealed that distracted driving was responsible for causing nearly one-fourth of the reported crashes included in this study. Moreover, the analysis of the severity of crashes showed that distracted driving was responsible for 22.7% of all reported fatalities, 22.7% of severe injuries, and 22.4% of PDO crashes. These results are in line with previous findings [6,7,8,9,10,11] indicating that human error was responsible for a very high percentage of crashes, and distraction had a significant influence on road crashes. These results also prove that humans continue to have limited capability to perform more than two tasks in parallel, as reported by Pashler [3].



The analysis of distracted driving on rural and suburban roads was performed based on three different groups of factors: human- and time-related factors, road- and environment-related factors, and crash-type- and vehicle-related factors. Distracted driving in rural areas seemed to be more fatal, whereas suburban roads witnessed more severe injuries. The higher frequency of fatalities on rural roads could be attributed to the fact that traffic on rural roads runs at higher speeds, resulting in more severe and fatal crashes. This finding is in line with those of Eberhardt et al. [21], Kmet et al. [22], and Gonzalez et al. [23], who indicated that fatality rates in rural areas are higher than those in urban locations.



The analysis of distracted driving based on human factors revealed that males were responsible for almost two-thirds of the crashes on both rural and suburban roadways. This percentage is reasonable considering that the number of licensed male drivers in Jordan is almost twice that of licensed female drivers [23]. The differences between genders in terms of distracted driving were investigated using an independent samples t-test. Statistically significant differences with a small effect size were found between male and female drivers under three conditions, namely road surface conditions, weather conditions, and lighting conditions. As reported by Young et al. [13], distractions and road and environmental factors are expected to make the driving task more demanding, thus leading to impaired driving performance.



Differences were noted between drivers’ age groups in that younger age groups were causing crashes due to distracted driving almost three times more often than older groups. This finding is in line with that of Regan et al. [12], who suggested that older and/or more experienced drivers are more skillful at conducting multiple activities while driving, unlike younger and/or less experienced drivers. The slight difference in percentages of crashes between age groups for rural and suburban areas can be attributed to the more demanding driving tasks on suburban roads due to higher traffic volumes and extra accessing maneuvers.



Road aggressiveness is one important human factor that was not included in the crash records. Alonso et al. [19] indicated that drivers who tend to have several accidents give less importance to elements that can affect the driving task. The number and types of traffic violations (accident history) of drivers can be used to indicate the road aggressiveness factor. Therefore, the availability of the driver’s accident record in the crash report can be very helpful in studying driving behaviors and can contribute to a better understanding of driver distraction for reducing road crashes.



The study of the effect of time-related factors on distracted driving showed that the majority of crashes occur on “no holiday” days and during weekdays, which can be attributed to the higher exposure to risky situations resulting from higher traffic volumes that occur on roads on regular working days. Rural roadways showed a slightly higher occurrence of distracted driving crashes during weekdays, although suburban roads showed more crashes during weekends. Morning and night-time crashes were slightly more frequent on suburban roadways; this could be due to the higher traffic volumes on suburban roadways during these times. Meanwhile, rural roadways showed a higher percentage of crashes due to distracted driving at midday; this could also be attributed to the active movement of traffic on rural roads during this time.



Young et al. [13] indicated that distraction on different areas and road types may vary. Weather, traffic, and road conditions influence the demandingness of the driving task. Therefore, the characteristics of crashes caused by distracted driving according to road- and environment-related factors were investigated. The result of the independent samples t-test revealed that four variables were statistically significant with a small effect size: at junction, road grade, number of lanes, and weather condition. The percentage of at-junction crashes was slightly higher on suburban roads, which could be attributed to the higher demandingness level of the driving task due to higher traffic volumes. The majority of distracted driving crashes were seen on level grades, under dry surface conditions, in clear weather, and on two-lane roads for both rural and suburban areas. Suburban roads witnessed more crashes with distracted driving as the drivers’ fault during clear weather and daylight times, whereas more crashes were recorded on rural roadways when the lighting conditions were dark. This is consistent with Stutts et al. [32], who found that those who were distracted at the time of their crashes were less likely to be traveling on multi-lane roadways and were less likely to have crashed at an intersection or other road junction.



Casado-Sanz et al. [25] suggested using the physical severance index in future research, which considers the distribution of urban land as a relationship between the difference in the built areas on both sides of the road and the total built area. Territorial variables (built environment and physical severance) can affect the occurrence of accidents. Since the available data provide the coordinates of crashes, it might be possible to consider such territorial variables in future studies.



The analysis of the crashes caused by distracted driving as the drivers’ fault according to crash-type- and vehicle-related factors showed that collision was the most common crash type in both rural and suburban areas. The crash types and the number of vehicles involved were statistically significantly different between rural and suburban roads. Collision and run-off-road (ROR) crashes occurred in higher percentages on rural roads, whereas more pedestrian crashes were seen on suburban road sections. The high percentage of pedestrian crashes in suburban areas makes sense, as pedestrians are seen in urban and suburban areas more often and are only occasionally seen on rural roadways. Crashes that involved more than one vehicle were seen in higher percentages in suburban road sections, which could be explained by the existence of traffic-congested sections in suburban areas. The number of distracted driving crashes involving one vehicle was higher in rural areas due to less traffic and higher speeds.



As presented in the previous section, the highest percentages of crashes on suburban roads occurred at speeds of 40–80 km/h, while for rural roads, the highest percentages of crashes occurred at speeds of 60–100 km/h. Crashes at speeds of higher than 100 km/h seemed to occur on rural roads only. This is consistent with earlier findings by Thomason [24], who reported the same result about suburban roadways and rural highways. As for vehicle type, we noticed that both automobiles and light vehicles comprised more than 80% of vehicles involved in the reported crashes. Rural roads witnessed a higher percentage of crashes caused by distracted driving involving automobiles, medium vehicles, and tractor vehicles. A similar finding was reported by Stutts et al. [32], who indicated that distracted drivers were more likely to be driving during non-daylight hours and were more likely to be driving a pickup truck, van, or sport utility vehicles.



One of the major limitations of the present study is that the obtained data lack, in some respects, important details that, if they existed, would deliver more thorough and useful results about distraction. Therefore, it is recommended that accident reports be carefully designed to include all specific details, such as the type of distraction factor (visual, manual, cognitive, and auditory) that caused the driver’s distraction. Providing such details in the crash report would help eliminate confusion caused by interrelated information and would deliver complete information that will be significantly helpful to this field of research. It is also suggested that crash reports should include information on the number of accidents that drivers were previously involved in. Having this factor available can help researchers examine the effect of aggressive driving, as recommended by Alonso et al. [19], on all kinds of crashes, including distraction.




5. Conclusions


The aim of this study was to highlight the risk of driver distraction, which is one of the major driver’s faults, in causing traffic crashes that cost great losses of lives and resources. Most drivers’ faults that cause crashes on rural and suburban roadways were identified. Crashes caused by distracted driving were examined, and the differences between crashes on rural and suburban roadways were investigated. Based on the findings of this study, the following can be concluded:



Comprising almost one-fourth of the reported crashes (24.19%), distracted driving was the second most frequent driver fault causing crashes on both rural and suburban roadways.



	(1)

	
Distracted driving was the second most hazardous fault causing fatalities and injuries on both rural and suburban roadways, comprising an average of nearly 22% of all reported fatalities and injuries.




	(2)

	
Distracted driving on rural highways appeared to be more fatal, whereas suburban roadways witnessed more severe injuries.




	(3)

	
Six variables were found to be statistically significant but with small effect size values: at junction, road grade, number of lanes, weather condition, crash type, and number of vehicles involved.




	(4)

	
Statistically significant differences between gender groups only exist under three conditions: road surface conditions, weather conditions, and lighting conditions.




	(5)

	
High percentages of distracted-driving-related crashes on rural and suburban roadways were noticed among the following categories: males, drivers aged 25–39 years, non-holidays, weekdays, tangent sections, two-way divided roads, not at junction, level roads, two-lane roads, clear weather, dry surface, daylight, and automobile vehicles.




	(6)

	
Differences between crashes on rural and suburban roadways caused by distracted driving showed that a higher percentage of crashes occurred on rural roadways when the driver was female, the driver was 25–39 years old, the time was midday, the road was two-way and undivided, it was not at a junction section, there were two lanes, the driving speed was above 80 km/h, and light vehicles were involved.




	(7)

	
Differences between crashes on rural and suburban roadways caused by distracted driving showed that a higher percentage of crashes occurred on suburban roadways when the driver was male, the driver was 40–54 years old, the time was morning and night, the road was two-way and divided, it was at a junction, there were three lanes, there was clear weather, the driving speed was 40–60 km/h, and automobiles and medium vehicles were involved.




	(8)

	
Collision and ROR crash types were seen on rural roadways in a higher percentage, whereas more pedestrian crashes were observed on suburban roadway sections.







Considering the above-mentioned results, it is recommended that practitioners and policy-makers establish specialized programs and awareness campaigns intended to educate drivers on several factors that affect their driving abilities and emphasize and stimulate mindful driving with a sufficient cognitive and visual emphasis on driving initiatives and the traffic environment. It is also recommended that this same dataset be used in the future for model development to obtain a deeper understanding about factors that contribute to distracted driving and simulate the impact of distracted driving on the injury or crash severity of a given crash.
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Figure 1. Severity of crashes with distracted driving listed as driver’s fault on rural and suburban roads. 
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Table 1. Percentage and severity of crashes based on drivers’ faults.
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	Drivers’ Faults
	% of All Crashes
	Fatal
	Severe Injury
	Moderate Injury
	Slight Injury
	PDO





	Lane departure
	25.95
	95
	202
	67
	919
	2089



	Distracted driving
	24.19
	37
	85
	35
	522
	1963



	Tailgating
	22.79
	3
	13
	10
	215
	2211



	Traffic rules violation
	9.6
	5
	16
	0
	164
	901



	Wrong-way driving
	8.21
	2
	9
	2
	69
	799



	Reckless driving
	2.63
	8
	10
	12
	65
	219



	Control loss
	2.44
	6
	10
	5
	68
	207



	Ignoring road signs
	1.63
	1
	1
	0
	17
	152



	Overtaking
	0.71
	1
	14
	22
	33
	60



	Commercial vehicle loads
	0.55
	0
	0
	0
	2
	55



	Speeding
	0.44
	1
	7
	4
	22
	31



	Red light running
	0.29
	0
	2
	0
	17
	24



	Improper stopping
	0.28
	0
	3
	2
	10
	21



	Reckless at curves
	0.24
	4
	0
	3
	15
	16



	Vehicle defect
	0.03
	0
	2
	0
	5
	1



	Brake failure
	0.02
	0
	0
	0
	0
	2
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Table 2. Distracted driving crashes on rural and suburban roadways according to human- and time-related factors.
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Factor

	
Category

	
Percent of Total Distracted Driving Crashes on




	
Rural and Suburban

	
Rural

	
Suburban






	
Gender

	
Females

	
32.81

	
33.93

	
30.77




	
Males

	
67.19

	
66.07

	
69.23




	
Age

	
Below 25

	
5.4

	
5.81

	
4.76




	
25–39

	
64.2

	
64

	
63.11




	
40–54

	
22.7

	
22.61

	
24.46




	
Above 60

	
7.7

	
7.58

	
7.67




	
Holiday

	
No

	
96.04

	
96.29

	
95.6




	
Yes

	
3.96

	
3.71

	
4.4




	
Time of the day

	
Evening

	
32.4

	
32.46

	
32.31




	
Morning

	
13.03

	
12.04

	
14.72




	
Midday

	
36.93

	
38.35

	
34.51




	
Night time

	
17.64

	
17.15

	
18.46




	
Day

	
Weekday

	
75.32

	
75.67

	
74.73




	
Weekend

	
24.68

	
24.33

	
25.27
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Table 3. Distracted driving crashes according to road- and environment-related factors.
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Factor

	
Category

	
Percent of Total Distracted Driving Crashes on




	
Rural and Suburban

	
Rural

	
Suburban






	
Alignment

	
Curve

	
1.7

	
1.54

	
1.98




	
Tangent

	
98.3

	
98.46

	
98.02




	
Direction

	
One-way

	
6.19

	
8.06

	
2.97




	
Two-way divided

	
66.07

	
62.04

	
73.07




	
Two-way undivided

	
27.74

	
29.9

	
23.96




	
At junction

	
No

	
87.62

	
88.67

	
85.82




	
Yes

	
12.38

	
11.33

	
14.18




	
Grade

	
Ascending

	
7.36

	
7.36

	
7.36




	
Descending

	
4.41

	
3.33

	
6.27




	
Level

	
88.23

	
89.31

	
86.37




	
No. of lanes

	
1

	
0.65

	
1.02

	
0




	
2

	
87.62

	
98.98

	
68.13




	
3

	
11.73

	
0

	
31.87




	
Surface

	
Dry

	
95.45

	
94.81

	
95.7




	
Wet

	
4.55

	
5.19

	
4.3




	
Weather

	
Clear

	
95.1

	
94.24

	
96.7




	
Dust

	
0.73

	
1.03

	
0.22




	
Fog

	
0.57

	
0.7

	
0.33




	
Rain

	
2.99

	
3.2

	
2.53




	
Snow

	
0.04

	
0.06

	
0




	
Storm wind

	
0.57

	
0.77

	
0.22




	
Lighting

	
Dark

	
2.87

	
3.65

	
1.54




	
Daylight

	
68.07

	
67.35

	
69.23




	
Night with insufficient lighting

	
9.07

	
8.52

	
10




	
Night with sufficient lighting

	
14.24

	
14.6

	
13.62




	
Sunrise

	
0.57

	
0.83

	
0.22




	
Sunset

	
5.18

	
5.05

	
5.39
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Table 4. Distracted driving crashes according to crash-type- and vehicle-related factors.
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Factor

	
Category

	
Percent of Total Distracted Driving Crashes on




	
Rural and Suburban

	
Rural

	
Suburban






	
Crash type

	
Collision

	
83.62

	
89.18

	
74.07




	
Pedestrian

	
14.24

	
7.87

	
25.16




	
ROR

	
2.14

	
2.95

	
0.77




	
Vehicles involved

	
1

	
25.81

	
29.58

	
19.34




	
2

	
68.28

	
65.81

	
72.31




	
3

	
5.14

	
3.84

	
7.14




	
4 or more

	
0.77

	
0.77

	
1.21




	
Vehicle speed

	
<40

	
4.05

	
3.91

	
4.29




	
40–<60

	
35.32

	
26.18

	
50.99




	
60–<80

	
32.36

	
32.52

	
32.09




	
80–100

	
16.46

	
33.87

	
12.63




	
>100

	
11.81

	
3.52

	
0




	
Vehicle type

	
Automobile

	
50.93

	
52.56

	
48.13




	
Heavy vehicle

	
5.7

	
4.29

	
8.13




	
Light vehicle

	
32.61

	
27.78

	
40.88




	
Medium vehicle

	
8.74

	
12.36

	
2.53




	
Motorcycle

	
0.28

	
0.45

	
0




	
Tractor vehicle

	
1.74

	
2.56

	
0.33
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Table 5. Independent samples t-test: rural vs. suburban roadways.
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	Variables
	F
	t
	df
	Sig. (2-Tailed)
	Effect Size





	Holiday
	2.804
	−0.838
	2470
	0.402
	-



	Time of day
	4.133
	−0.059
	1830.403
	0.953
	-



	Weekday/weekend
	1.098
	0.527
	2470
	0.599
	-



	Horizontal alignment
	2.680
	0.819
	2470
	0.413
	-



	Direction
	44.532
	−0.392
	2196.874
	0.695
	-



	At junction
	16.922
	−2.020
	1756.910
	0.044
	0.001



	Road grade
	35.640
	2.821
	1601.583
	0.005
	0.001



	No. of lanes
	10,307.452
	20.620
	909.000
	0.000
	0.01



	Surface condition
	7.561
	−1.419
	2112.542
	0.156
	-



	Weather condition
	17.967
	−2.256
	2203.157
	0.024
	0.001



	Lighting condition
	0.643
	−0.069
	2470
	0.945
	-



	Crash type
	137.264
	6.956
	1770.340
	0.000
	0.003



	No. of vehicles involved
	31.675
	5.507
	2094.276
	0.000
	0.002
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Table 6. Independent sample t-test: males vs. females.
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	Variables
	F
	t
	df
	Sig. (2-Tailed)
	Effect Size





	Holiday
	9.101
	1.439
	1413.70
	0.150
	-



	Time of day
	0.136
	−0.245
	2470
	0.806
	-



	Weekday/weekend
	7.885
	1.396
	1656.194
	0.163
	-



	Horizontal alignment
	1.369
	0.584
	2470
	0.559
	-



	Direction
	3.639
	−0.529
	2470
	0.597
	-



	At junction
	0.036
	0.095
	2470
	0.924
	-



	Road grade
	2.244
	0.731
	2470
	0.465
	-



	No. of lanes
	14.353
	1.933
	1755.32
	0.053
	-



	Surface condition
	80.096
	5.155
	2385.556
	0.000
	0.002



	Weather condition
	68.251
	4.812
	2400.721
	0.000
	0.002



	Lighting condition
	15.670
	2.224
	1774.341
	0.026
	0.001



	Crash type
	0.044
	0.104
	2470
	0.917
	-



	No. of vehicles involved
	1.393
	−0.056
	2470
	0.956
	-
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