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Abstract

:

The topic of the use of mobile devices and headphones on pedestrian crossings is much less explored in comparison to the use of the mobile phone while driving. Recent years have seen many discussions on this issue, especially in foreign countries. The Slovak Republic, however, has not been giving it enough attention (and it is not mentioned in the National Road Safety Plan for the Slovak Republic from 2011 to 2020). This paper aims to draw attention to this issue. It presents basic outputs of a pilot study on pedestrian safety, with a focus on the use of mobile devices and headphones at selected non-signalized pedestrian crossings in three Slovak cities. Overall, 9% of pedestrians used headphones or mobile devices at observed pedestrian crossings (4% of them used headphones, 1% used headphones and at same time used their mobile phone, 2% made phone calls and 2% used their mobile phones). While these numbers can be considered relatively low, the study proved that during weekdays every 2 min someone was using the crossing without fully focusing on crossing the road safely. Another main finding was that although the safety risk at pedestrian crossings is increased by factors such as rush hour traffic or reduced visibility, pedestrian behavior related to the use of mobile phones and headphones does not change. A safety assessment was also carried out at the crossings. The results show that pedestrian behavior is not affected by the level of safety of the crossing (e.g., visibility of the crossing for drivers). The results of the presented analysis suggest that action is needed to change that. Due to the lack of information about accidents involving pedestrians using mobile phones and headsets when crossing the road, no relevant statistical data could be analyzed. The dataset collected can be used as a basis for further investigation or comparisons with other countries of the relevant indicators. In future work, we would like to include a pedestrian–driver interaction factor focusing on driver speed behavior in relation to pedestrians (who are on or are about to step onto a pedestrian crossing) and identify critical situations caused by improper behavior of drivers and/or pedestrians. This will help to understand speed adjustment problems related to pedestrian crossings.
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1. Introduction


Pedestrians, along with cyclists and motor cyclists, are vulnerable road users. These are road users who are often seriously injured or killed in road accidents because they are unprotected against the speed and mass and they do not have effective safety features compared to other road users. The vulnerability of particular groups can be expressed through a vulnerability index. For example, in the case of a collision with a vehicle, we can calculate the pedestrian–vehicle crash vulnerability index by dividing the number of serious injuries of car passengers by the number of seriously injured pedestrians. The higher the resulting value of the vulnerability index, the greater the vulnerability of a given group of road users [1].



Pedestrians represent an important group of road users and one of the most vulnerable groups. According to the most recent statistics, vulnerable road-users account for 70% of road deaths in urban areas. Pedestrians represent 21% of total fatalities. Within urban areas, pedestrians account for the largest share of victims: inside urban areas, almost 40% of the fatalities are pedestrians [2]. They account for a large proportion of road traffic casualties and their vulnerability index is also the highest.



Pedestrian crossings are considered by the general public as a safe place for pedestrians. Unfortunately, according to the statistics, most pedestrian accidents happen on pedestrian crossings. For this reason, a growing attention is paid to the issue of pedestrian behavior not only at the level of transportation research but also at the level of sociological and psychological research.



It is well known that the development of today’s society has brought a large increase in the number of mobile phones and headphones users. These devices are becoming an integral part of our lives, regardless of gender and age. This fact is confirmed by the results of an analysis carried out by International Data Corporation IDC’s “Analyze the Future”. According to the study published in the source [3], mobile phone sales worldwide reached 342 million during the second quarter of 2018. In addition to calling, mobile phones are also widely used for various multimedia activities, such as playing games, chatting, using social networks, etc. This has a serious impact on the attention of their users and can lead to origination of dangerous situations while walking. Several observations have confirmed that pedestrians who type text messages on their phones while walking pay low attention to their surroundings and usually do not perceive trajectory of other people. This can lead to collisions or near collisions. The emergence of such situations is particularly dangerous when crossing a road, as there is another risk factor present—a collision with a motor vehicle. In addition to reduced attention, the risk increases as a result of the isolation of the pedestrian from the sounds in the environment through the use of headphones. This can be extremely dangerous, for example, in the case of an ambulance or a fire truck with alarm siren sound approaching a pedestrian crossing at high speed [4].



The importance of processing the topic of the use of mobile devices and headphones on pedestrian crossings also lies in the fact that this issue is much less explored in comparison to mobile use while driving. Recent years have seen discussions on this issue, especially in foreign countries. The Slovak Republic, however, has not been giving enough attention to these problematics. This is also confirmed by the fact that this issue is not mentioned in the National Road Safety Plan for the Slovak Republic from 2011 to 2020. In order to adopt the Vision Zero Commitment to reduce the number of people killed on the roads, relevant measures need to be taken in each risk area.



The aim of the article is to draw attention to the importance of this topic. The paper presents the basic outputs of the pilot field research on the safety of pedestrians as vulnerable road users, with a focus on the use of mobile devices and headphones at selected non-signalized pedestrian crossings in three Slovak cities. A safety assessment was also carried out at these pedestrian crossings. The importance of assessing the correct construction of pedestrian crossings lies in the fact that in the case of risky behavior of pedestrians, incorrectly constructed pedestrian crossings increase the risk of an accident. The basis for conducting this assessment was a methodology created by the Gdansk University of Technology, which was previously applied to undertake a very complex safety assessment of pedestrian crossings in the city of Warsaw (more information can be found in source [5]).



1.1. Pedestrian Accidents at the European Level


In 2018, a total of about 25,100 people were killed in road accidents across the EU. That means there are 49 deaths per 1 million inhabitants, which is the lowest value in the world. In comparison with 2010, mortality reduction is at 21%, but in comparison to 2017, there has been a decrease of 1%. It is therefore not very likely that 2020 will achieve the goal of halving the number of traffic casualties compared to 2010. In 2017, 25,300 people lost their lives on European roads. Pedestrians accounted for 21% of this number, representing 5313 people. In comparison to other road users, the decrease in mortality of vulnerable road users was about 5% lower during the period 2010–2017. It is alarming that pedestrians accounted for 40% of all people who were killed in a city car accident in 2017. Table 1 shows the number of pedestrians killed in selected EU countries during the period 2007–2017 [6,7,8].




1.2. Pedestrian Accidents in the Slovak Republic


The Presidium of the Police Forces of the Slovak Republic evaluated the traffic safety situation in Slovakia in 2019. A total of 245 people lost their lives on the roads this year, which is 16 more than in 2018. During this year, 75 pedestrians died on the roads, representing 31% of all road accident fatalities. Vulnerable road users together make up 45% of all deaths that occurred on Slovakian roads.



The development of the number of pedestrian accidents in the Slovak Republic is shown in Figure 1. The graph shows that in 2008 a total of 184 pedestrians died on Slovak roads, while in 2019 it was 75 pedestrians. What is alarming, however, is the increase in the number of pedestrians killed since 2017. The presented value is at the same level as the value 8 years ago. A similar development can be observed for the number of pedestrians killed at pedestrian crossings. Since 2016, the number of pedestrian deaths in these statistics has been increasing every year and the current value is at the level of 2015 or even 2009. Due to the upward trend in these statistics, it is necessary to focus on reducing risk factors that lead to high pedestrian mortality. One of these factors is the use of mobile devices and headphones at pedestrian crossings.





2. Literature Review


In the following text, the main findings from the literature are presented that are related to the safety of pedestrians in relation to the use of mobile phones and headphones.



Pedestrian Use of Mobile Phones and Headphones


The importance of the issue of using mobile phones and headphones by pedestrians is confirmed by the number of available articles and documents that indicate the presence of this problem. The use of mobile phones and headphones is mentioned as an important cause of pedestrian accidents for example in the document Pedestrian safety [11]. Several studies point out that, in contrast to the use of mobile phones while driving, for which a number of studies have already been carried out, little attention is paid to pedestrians who use their mobile phones, e.g., for listening to music when crossing the street.



The first research about the problematics started in the USA in 2005. With time, more and more authors are focusing on this issue. In 2019, Greeks Perra Vasilik Maria and Basbas Socrates summarized the theoretical knowledge about this topic on the basis of articles and reports from three scientific databases [12]. The main conclusions are the following: Use of mobile phones or headphones by pedestrians similarly as in the case of drivers of vehicles leads to four types of distractions. It is a cognitive distraction—the pedestrian does not pay enough attention to the correct evaluation of the current situation because they are focusing on the activity they are performing on the mobile phone; a visual distraction—rather than watch the current traffic situation, the pedestrian looks at their mobile device leading to so-called “blindness of attention”; an auditory distraction—the pedestrian does not detect and evaluate the surrounding sound stimuli (e.g., approaching vehicle) due to the use of headphones; a physical distraction—it arises because the pedestrian is focused on other manual activities than just walking.



The issue of the use of mobile phones and headphones for pedestrians has been examined from different perspectives in several sources. The results of these studies lead to the following conclusions: Traffic accidents of pedestrians using a mobile phone most often occur in the age category of persons under 31 years [13]. Texting and using the internet while crossing the road are most common activities for pedestrians in age category 18–30 [14]. The use of mobile phones to listen to music is most common among pedestrians aged 18–44 [15,16]. From a gender perspective, young men are more likely to use mobile phones while walking than young women [17]. Researchers reported in sources [18,19,20] has led to the conclusion that the use of mobile phones by pedestrians causes that they are walking slower, and their reacting time increases [17,21].



The use of mobile phones can also lead to unusual behavior and strange reactions of pedestrians directly at pedestrian crossings. In the source [22], the authors state that pedestrians entered the pedestrian crossing despite approaching vehicle and stopped directly in front of it at the time when the vehicle also stopped. Research presented at the source [17] has found that pedestrians using mobile phones at pedestrian crossings often enter the crossing too late or are approaching it slowly or sneaking.



Interesting results were presented in studies aimed at comparing the degree of risk that arises for pedestrians when dispersed by individual activities during crossing the road. Sources [23] and [24] have concluded that the safety risk is lower for pedestrians who use a mobile phone than for pedestrians who listen to music through headphones but do not use a mobile device at all when crossing the road. The findings presented in sources [25] and [26] led to the conclusion that there is a higher safety risk for pedestrians who write test messages when crossing the road compared to pedestrians who make phone calls or listen to music through headphones. The results of the research presented in source [27] confirm that the use of personal music equipment is not directly related to the increase in safety risk in pedestrians. Reading text messages is also dangerous, as it leads to distraction and momentary ignorance of events in the environment. [28]. From these conclusions it is clear that the way a mobile phone is used has a direct impact on the degree of safety risk of pedestrian.



Several quite extensive studies have been conducted about the use of mobile phones and other electronic devices by pedestrians on pedestrian crossings in towns in different countries (e.g., Seattle—USA, Hobart, Queensland—Australia, Lincoln—United Kingdom). To describe the main findings, we selected two: field studies from the cities of Wuhan (China) and Sydney (Australia).



In the city of Wuhan, the topic was studied in 2016. In the city, three pedestrian crossings were selected at intersections that are not controlled by traffic lights. Four cameras were installed at each crossing for video recording of the traffic situation at the intersection. Data were recorded for one day from 7:00 to 9:00 in the morning and from 16:00 to 18:00 in the afternoon. Based on the recorded videos, the following information was evaluated: 1. Gender of pedestrians; 2. Age of pedestrians—pedestrians were roughly divided into three age groups: pedestrians under the age of 30, middle-aged pedestrians from 30 to 60, seniors over 60 years old; 3. Time of crossing the road and the speed of crossing; 4. Number of times pedestrians looked around to see if they can walk safely across the road; 5. Mode of mobile phone use—pedestrians were divided into four groups: pedestrians not using a mobile phone, pedestrians looking at the mobile phone display, pedestrians calling and pedestrians listening to music on their headphones.



An evaluation of the video recordings showed that a total of 1241 pedestrians used the pedestrian crossings at the time of the recording. Of this number, 1052 pedestrians (84.8%) did not use mobile phones and 189 pedestrians (15.2%) used a mobile phone in a certain way when crossing the road, from which 39 pedestrians (3.1%) were making a call, up to 138 pedestrians (11.1%) were looking at the mobile screen and 12 pedestrians (1%) were listening to music. Table 2 shows mobile use statistics for this city from a variety of observed perspectives.



Data from Table 2 show that mobile phones were used on pedestrian crossings more by men than women, in the case of listening to music the ratio is balanced. Comparing the age structure of pedestrians, it can be stated that young pedestrians listened to music and watched mobile screens more often than adults. The ratio for making phone calls is just the reverse. Chinese seniors did not use mobile devices at all during the recording.



Given the fact that pedestrian behavior was recorded by the cameras, it was possible to derive other interesting statistics, for example, the effect of mobile phone use on pedestrian speed when crossing the road or the number of pedestrian checking-views on the surrounding traffic. As can be seen from Table 3, pedestrians who crossed the road while looking at the mobile phone screen reached a crossing speed 0.7 m/s slower than the speed of pedestrians who did not use mobile phones. That means that, if we consider an average passage length of 7 m, the time of crossing the road by pedestrians that use mobile devices is approximately 0.4 s longer than in the case of pedestrians who do not use mobile devices. From the table it is also evident that pedestrians who are distracted by using mobile phones are more inattentive when crossing the road and make fewer glimpses to check the surrounding traffic [29].



An important survey, related to pedestrian safety, was conducted by NRMA (National Road and Motorists Association) in Sydney. The research was carried out in April and May 2019 at four intersections controlled by traffic lights. It lasted 36 h and 26,390 pedestrians were observed. Of this number, up to 9494 people (36%) used mobile phones or headphones on the pedestrian crossings. As the observation was carried out at intersections with traffic lights, the method of crossing the road was also evaluated. In total, up to 2872 pedestrians (10.9%) crossed the road in violation of traffic rules, of which 1976 were not using electronic devices, with 896 using them. This means that every hour an average of almost 80 pedestrians crossed the road violating the law in some way (e.g., at a “Stop” signal). If we focus on pedestrian use of electronic devices, every hour on average almost 25 pedestrians crossed the road distracted by this activity and, in addition, violated the traffic rules. The results of the study also showed that violations of the law when crossing the road are more often in the afternoon (the ratio between morning and afternoon hours is from 15% to 8%). With the high intensity of traffic in cities such as Sydney, these are alarming numbers. [30]



The research involved video recording of the area of the three selected pedestrian crossings with traffic lights and was conducted in 2018 in Poland [4]. The results indicate that of the entire population almost 5% of pedestrians wear headphones. Regarding mobile phone usage, this percentage fluctuated around 10% of all people using the analyzed pedestrian crossings. It was also found that pedestrians use mobile phones much more often on pedestrian crossings with traffic lights than on pedestrian crossings without traffic lights.



Findings from the presented studies provided the motivation for conducting similar research in Slovakia. In 2019, a pilot study was conducted on this topic in three major cities. The data obtained from this research are presented below.





3. Materials and Methods


A pilot study on mobile phone use was conducted at six pedestrian crossings in three different cities during the period from October to December 2019. In total, the research was conducted for 81 h, of which 45 h were on weekdays and 36 h on weekends. The study was conducted in three Slovak cities: Žilina, Bratislava and Ružomberok.



The individual crossings were chosen to reflect different age categories of pedestrians. All of the crossings are also characterized by high traffic volumes. Each month, four hours of survey were conducted at particular crossings. Two hours of survey (one hour in the morning and one hour in the afternoon) were performed on weekdays, and two hours at the weekends (also one hour in the morning and one hour in the afternoon). Thus, a total of 12 h of survey were conducted at each crossing for three months, a total of 36 h at three crossings in the city of Žilina and 24 h at two crossings in Ružomberok.



In Bratislava, due to the possibilities of observers, the survey was carried out using a different methodology than in the other two cities. Seven hours of survey were conducted each month to cover each day of the week. On weekdays, the survey was conducted from 06:50 to 07:50, and at the weekends from 10:00 to 11:00. The total number of survey hours in this city was 21.



The survey was conducted by recording data in a census sheet, where pedestrians were grouped according to their estimated age. The weather and visibility conditions were also recorded.



Subsequently, pedestrians were divided into groups according to whether they used mobile devices and headphones when crossing the street:




	
Not using mobile phones;



	
Using headphones (earpiece in at least one ear);



	
Headphones and mobile (typing text or looking at the mobile display);



	
Telephoning (including speakerphone);



	
Phone check—quick use of the mobile phone on the pedestrian crossing.








The study also included a safety assessment aimed at evaluating the design and quality of the technical conditions at the examined pedestrian crossings. The assessment was performed on the basis of a methodology developed by the Gdansk University of Technology for assessing risks to pedestrian safety [31]. The safety assessment of pedestrian crossings included five areas:




	
Crossing equipment—assessment in terms of equipment for people with disabilities and people with reduced mobility (e.g., reduction in the pavement surface, equipment for visually impaired pedestrians).



	
Visibility of pedestrian crossing from the perspective of drivers—evaluation of the correct design of crossings, parking distance from the crossing and the position of the vehicle parking (e.g., on the road, in a roadside lane, etc.), location and distance of public transport stops, presence of buildings, trees, poles and other obstacles that are disrupting the visibility of pedestrians by drivers. Visibility was measured in real conditions.



	
Traffic signs—the presence of road signs (vertical and horizontal) related to pedestrian crossing markings. Speed limits, condition, type, completeness and the quality of its construction and the correct location were also assessed.



	
Crossing geometry—assessment of the crossing in terms of how it protects pedestrians waiting on the side of the road, presence and width of pedestrian refuge islands, length of pedestrian crossing.



	
Other conditions at the crossing—aspects such as limiting the speed of oncoming vehicles, quality of the pedestrian crossing surface (e.g., presence of rainwater inlets in the area of the crossing, curbside gutters, condition of crossing markings) and the quality of the pavement before the crossing, etc., were evaluated.








By combining the results of observation of pedestrian behavior at concreate pedestrian crossings with findings of safety assessments at these crossings, we can conclude that the safety level of a crossing is not important to pedestrians. Their behavior related to the use of mobile phones and headphones is not influenced by factors such as the visibility of a pedestrian crossing from the perspective of drivers. This is quite alarming because visibility is undoubtedly a crucial factor that influences crossing safety. More information about this finding is provided at the end of fourth chapter.



The results of this assessment are elaborated in detail in a separate piece of work [32] and will not be discussed at length in this paper.




4. Results


In this chapter, we present the most important overall results of the research and the survey results in individual cities.



4.1. Overall Survey Results


The total number of people observed was 20,285 pedestrians. The graph in Figure 2 shows the summary results of the field research.



From the total number of pedestrians observed (20,285), 91% did not use the mobile phone at all at pedestrian crossings, 9% of pedestrians used headphones or mobile devices, which in absolute terms represents 1903 pedestrians, 4% used headphones, 1% used headphones and their mobile phone at the same time, 2% of pedestrians made phone calls and 2% of pedestrians also used the mobile phone at pedestrian crossings. On average, 23 pedestrians used headphones and mobile phones for each hour of the survey.



However, the survey shows a difference between weekdays and weekends. On weekdays, 13,433 pedestrians used the pedestrian crossings in 45 h of research. Of this number, 1373 of pedestrians used headphones or mobile phones, which represents 10.2% of all pedestrians. The result after recalculation to one hour of research during a weekday is interesting. Every hour, an average of 30 pedestrians used their mobile phones or headphones on pedestrian crossings, so every 2 min there was a person at the crossing whose attention was not fully focused on crossing the road safely. These numbers decreased at the weekends. A total of 6852 people used observed crossings on Saturdays and Sundays during 36 h of our research, of which 530 used headphones and mobile phones (7.7% of all observed pedestrians). On average, 14 people used headphones or a mobile phone on pedestrian crossings every hour.



The graph presented in Figure 3 shows the age structure of pedestrians using mobile devices and headphones. The majority are adults, followed by adolescents. A small part consists of children and the smallest percentage is made up of seniors. Parents who used a pedestrian crossing together with their young children are included in the group of adults. In Bratislava and Ružomberok, the majority of pedestrians who were using mobile phones and headphones were adults while in Žilina the devices were most commonly used by adolescent pedestrians. This statistic may be influenced by different estimates of pedestrian age, as the survey was conducted by multiple observers. The result can be also influenced by the location of specific pedestrian crossings, since, e.g., there are more adolescents near schools compared to other parts of the city.



From the total number of 20,285 pedestrians, 55% were women and 45% were men. Figure 4 shows the distribution of headphone and mobile phone use by pedestrian gender. Of the total number of 902 pedestrians who used headphones at the crossings, 508 (56.32%) were men and 394 (43.68%) were women. In the other categories, however, women predominated, with the biggest difference being for pedestrians who were making phone calls. Of the total number of 446 pedestrians who were telephoning, 289 (64.8%) were women, compared to 157 (35.2%) men.




4.2. Survey Results in Individual Cities


Research results in individual cities can be summarized as follows:




	
Bratislava








In the capital of Slovakia, a total of 7497 pedestrians crossed the pedestrian crossing during the survey. Of this number, 6593 (87.9%) did not use mobile phones or headphones and 904 pedestrians (12.1%) used these devices. The difference between a working day and a weekend was identified as follows: during weekdays, an average of 44 people used a mobile phone or headphones at pedestrian crossings from the total number that used the crossing every hour, and on weekends this number dropped to 40 pedestrians. Of the 904 pedestrians using the devices, more than half used headphones and about a quarter used a mobile phone while crossing the road, 14% made phone calls and 5% used a mobile phone and headphones at the same time. When comparing the gender aspect, the result is very similar to the overall statistics. The headphones were used more by men than women (specifically 257 men and 239 women), in other categories women dominated, while a significant difference is recorded mainly in the category phone calls, where up to 91 women performed this activity while crossing the road, compared to 35 men. Regarding the age, 69% of all pedestrians who used mobile phones or headphones were adults, and this age group predominated in all categories of device use.



	
Žilina






In comparison to Bratislava in the other two cities that were included in this research, pedestrians have used mobile phones and headphones to a much lower extent. In the city of Žilina, a total of 7523 people were observed at pedestrian crossings. Of these, 675 of them (8%) used electronic devices while crossing the road. The difference between a weekday and the weekend was even more pronounced than in Bratislava. On weekdays, almost 27 pedestrians used mobile phones or headphones at crossings in an average of one hour, and on average only 10 people demonstrated this behavior on weekends. Of the 675 pedestrians who used electronic devices, less than half used headphones. In contrast to the capital, a group of telephoning pedestrians observed in Žilina was in second place (31%), less than a fifth used a mobile phone and 4% used mobile phones and headphones at the same time. Regarding the gender distribution, men dominated in the category of headphones (ratio of 195:121), women again made significantly more phone calls (ratio 133:77) and the other two categories were approximately balanced. The use of equipment was prevalent in young people at all three observed crossings in Žilina, which is a significant difference compared to the capital of Slovakia, where mobile phones and headphones were used mainly by adult pedestrians. One of the crossings was mainly used by a group of teenagers and children as it is located close to a primary and secondary school. In total, 28% of young people and 9% of children used mobile phones and headphones at this crossing. Young pedestrians in Žilina used headphones the most, reaching in this category significantly higher numbers compared to other age categories. Conversely, adults dominated in telephoning in an equally significant proportion.



When we compare individual pedestrian crossings in Žilina, we find that 10.1% of pedestrians used equipment at the crossing close to the university, 9.7% of pedestrians on the crossing that is close to primary and secondary schools and 6.6% of pedestrians at the crossing located in front of the railway station. However, these relative expressions are influenced by the total number of pedestrians who used the crossing. After recalculating these numbers to one hour of survey, the highest risk pedestrian crossing was at the railway station, where a collision occurred during the survey. A pedestrian looking at their cell phone display stepped onto the road and forced a car driver to brake abruptly.



	
Ružomberok






A total of 4590 people used the observed pedestrian crossings in Ružomberok. Of this number, 324 pedestrians used the devices when crossing the road, which represents 7.1% of the people. Similarly, to other cities, there was a difference in the use of facilities between working days and weekends: on average, almost 19 pedestrians used mobile phones or headphones every hour on weekdays, compared to eight pedestrians on weekends. In this town, telephoning dominated among pedestrians who accounted for 34% of all people using mobile devices, followed by pedestrians using the mobile phone (30%). The third most numerous group was pedestrians who used headphones (28%), which is a difference compared to the results from the previously mentioned cities. Even in Ružomberok, the least pedestrians (8%) used mobile phones simultaneously with headphones. Just as in Bratislava, men used headphones more frequently here as well, women dominated in other categories, similarly to the overall results of the survey (the largest predominance in this category was recorded in making telephone calls). In Ružomberok, adult pedestrians used the equipment most often and made up more than half of the people using the equipment. A high percentage (almost 40%) is represented by adolescents, the age category of children and seniors makes up a negligible part. Adolescents mostly used headphones, while adults made up the vast majority of pedestrians making phone calls and using mobile phones when crossing the road.




4.3. Influence of Traffic Intensity and Visibility Level of Pedestrian Crossing on Pedestrians’ Behavior


An interesting finding was observed when comparing traffic intensity and pedestrians’ behavior. Figure 5 describes correlation between the traffic intensity (volume of vehicles that passed observed pedestrian crossings) and the percentage of pedestrians who used a mobile phone and/or headphones (from all the persons observed at pedestrian crossings) during the implementation of the present study.



According to these results, the volume of traffic does not affect the behavior of pedestrians. There was no trend identified in the percentage of mobile phone/headphones users with increased traffic. In several cases, the figure even shows that the percentage of pedestrians using mobile phones/headphones increased with higher traffic volumes.



Different signs were used to demonstrate the situation observed in individual cities (Bratislava—square sign, Ružomberok—round sign and Žilina—triangular sign). On average, 12.06% of pedestrians used mobile phones/headphones in Bratislava, 8.97% of pedestrians used phones/headphones in Žilina and 7.05% of pedestrians used phones/headphones in Ružomberok. These numbers seem to increase with the size of the city (in terms of territory and population). This trend is confirmed also by the studies carried out abroad that were mentioned in previous part of paper (e.g., Sydney and the City of Wuhan).



As different behaviors were observed during working days and weekends, the data were also divided according to this criterion (blue color—working days, red color—weekends). According to observations made on working days: on average, 8.8% of pedestrians used mobile phones/headphones in Bratislava, 6.46% of pedestrians used mobile phones/headphones in Žilina and 4.97% of pedestrians used mobile phones/headphones in Ružomberok. According to observations made on weekends: on average, 3.2% of pedestrians used mobile phones/headphones in Bratislava, 2.39% of pedestrians used mobile phones/headphones in Žilina and 2.09% of pedestrians used mobile phones/headphones in Ružomberok. The growing trend, which depends on the size of the city, can also be observed on these desegregated data.



Another interesting finding resulted from combining the results of observation of pedestrian behavior at concrete pedestrian crossings with findings of safety assessments at these crossings. Part of this assessment was the evaluation of an adequate safety solution of a pedestrian crossing in terms of its visibility and the visibility of its users. This procedure was focused mainly on the aspects associated with the geometry of the road and roadside elements. It was evaluated if the visibility was not obscured or restricted by objects or elements such as, for example: parked vehicles, trees, overgrown vegetation or street furniture. In addition, particular visibility problems for children, wheelchair users and other pedestrians with mobility impairments were included into this evaluation. Where relevant, the aspect of pedestrian crossing locations in relation to the distances needed to ensure a safe intersection has also been taken into account. The presence and condition of the horizontal and vertical traffic signs were also taken into consideration, together with additional lighting of pedestrian crossing.



Visibility level of the crossings was evaluated using scale from 1 (lowest) to 6 (highest). The aspects considered for determination of this level were the following ones:




	
Presence and condition of the horizontal and vertical traffic signs (visibility, clarity, recognizability and correct position of traffic signs);



	
Presence of the objects and elements obstructing visibility in the area of “good visibility” of pedestrian crossing (this area was established using the methodology and formulas provided in source [33]);



	
Location of pedestrian crossing in relation to the distances needed to ensure a safe intersection (these distances were established using the formulas provided in source [34]);



	
Lightening aspect of pedestrian crossing (it was evaluated on the basis of methodology described in source [35]).








Figure 6 describes the relation between the level of visibility assigned to each pedestrian crossing and the percentage of pedestrians who used mobile phones/headphones during observations on weekdays (diamond sign) and weekends (round sign). Similar results were identified at pedestrian crossings with different visibility levels (e.g., from 10.8 to 12.1% of mobile/headphones users were observed at pedestrian crossings with visibility levels 3, 4 and 5). From the presented results, we can conclude that the level of visibility of individual pedestrian crossing from the driver’s point of view does not affect the behavior of pedestrians.



Although the number of measurements was not high enough to be the results statistically significant, they can be considered interesting and can be the basis and motivation for the implementation of a larger study.





5. Discussion


The results of the pilot field research, that were presented in this paper, confirm the importance of paying attention to the problem of using mobile devices and headphones on pedestrian crossings. In the future, we expect an increase in the seriousness of this problem. This is closely linked to the area of legislative bans on the use of phones and handsets by pedestrians when they are crossing the road.



In recent years, this issue has resonated with several countries around the world. In October 2017, a law was adopted in the Hawaiian capital of Honolulu banning pedestrians from using mobile phones and other devices (such as tablets) when crossing the road. An exception is an emergency call to 911. The fine for the first offence is USD 15, for repeated violations pedestrians may be fined USD 75–95. Based on the growing number of injured pedestrians using these devices, the US National Security Council has introduced a special category for this group of road users in its statistical reports in order to monitor developments in this area [36]. A similar law has been adopted in some other smaller US cities.



In May 2019, the same law was proposed in New York City. It included writing messages and emails or surfing the internet. The proposed fines were even higher than in the case of Honolulu: for the first offences the fine was at the level of USD 25–50 and USD 250 for repeated offences. Senator John Liu commented on the subject: “It is difficult not to notice all those people who are tapping on their mobile phones while walking, and it is even worse to watch them as they continue to walk across the road.” [37,38]. However, the proposed law also found opponents who argued that the use of mobile devices at pedestrian crossings is not a common cause of injury or death, and the Hawaiian law is not based on any research. According to Honolulu statistics, pedestrian accidents have even doubled since the law was adopted. Subsequently, in August 2019, the Department of Transport in New York City drew up a report which claims that distraction of pedestrians is not among the main factors of pedestrian road accidents. This municipal authority has been dealing with this issue for a long time. In 2017, the city even conducted a study at three signalized intersections, according to which 13% of pedestrians used the device and 87% of people crossed the road without the use of mobile phones or other devices. A similar survey was conducted in New York in 2018 by the University of Northern Arizona. According to the results, 9% of pedestrians were texting on their mobile phones when crossing the road. However, according to statistics for the entire USA, for the period 2010–2015, only 0.2% of pedestrians suffered fatal accidents caused by the use of electronic devices, and a minimum of similar cases was recorded in the city. In addition, the New York City Transportation Department is engaged in a variety of educational activities (such as the Cross this Way campaign, which focuses on the dangers of using mobile devices by pedestrians, so they decided to focus on speed [39]. Based on these facts, the law has eventually not been adopted.



The same problems have been addressed on the other side of the globe, in Australia. In this country, in 2018, the Pedestrian Council put forward a proposal to the government to fine pedestrians using electronic devices while crossing the road with fines of up to USD 200. This sanction should also apply if a pedestrian crosses a road at a signalized crossing when the light is green. Certain fines for pedestrians have already been introduced, e.g., a penalty of up to USD 80 has been imposed for crossing the road outside the pedestrian crossing. Harold Scruby, chairman of the Pedestrian Council, argued that the fine for pedestrians for using mobile phones and headphones at the crossings must be high, otherwise it would not force people to be careful when crossing the road. He also added that pedestrians using mobile phones or headphones also endanger other road users by forcing drivers to suddenly change direction [40]. Similar to the United States, Australia did not find support in all countries, but information on a possible law for this group of pedestrians appeared as early as in 2020.



Within the European Union, in 2018, Lithuania adopted a law banning the use of mobile devices when crossing the road. Fines for non-compliance are lower compared to the above-mentioned states, the upper rate being EUR 40. With this measure, the state responded to the high percentage of pedestrians killed in traffic accidents in the country. In terms of statistics, Lithuania was above the EU average [41].



Discussions regarding the legislative solution to the problem are not new in the Slovak Republic either. Act No 8/2009 in its original proposal contained a prohibition for pedestrians to use mobile phones, electronic devices for listening to music, or other technical devices that are distracting their attention when they are crossing the road [42]. This original proposal was not supported by the deputies and the president vetoed it. This ban no longer appeared in the new law.



From the information presented above, it is clear that the most appropriate solution should be to adopt some kind of regulation at the level of the European Union, which would then be transposed by individual countries into their legislation. This procedure should be a benchmark for other countries around the world.




6. Conclusions


The pilot study and applied methodology were inspired by research carried out in the field of the use of electronic devices by pedestrians abroad. This was an excellent basis for the validation of the study methodology and guarantee of study quality.



The importance of this study is based on the fact that it was Slovakia’s first field research on this topic. The time scale of the survey and the overall sample of pedestrians observed helped to provide relevant results on the basis of which further investigations or comparisons with other countries can be drawn.



The overall results can be summarized as follows: In total, 9% of the observed pedestrians used headphones or mobile devices at pedestrian crossings (4% used headphones, 1% used headphones and at the same time used their mobile phones, 2% of pedestrians made phone calls and 2% of pedestrians also used the mobile phone). However, the survey showed an interesting difference between a working day and a weekend. On weekdays, the number was 10.2% of all pedestrians and 7.7% on weekends. Regarding the gender distribution, the men were predominant in the use of headphones (56.32% of pedestrians were men and 43.68% were women). In the other categories, however, women predominated, with the biggest difference in the category of pedestrians who were telephoning (64.8% were women and 35.2% were men).



After recalculating the survey results for one hour, it was established that on average there were 23 pedestrians on the crossing using headphones and mobile phones. On weekdays every hour, an average of 30 pedestrians used their mobile phones or headphones at the crossing. This means that every 2 min there was a person at the crossing whose attention was not fully focused on crossing the road safely. The difference between a working day (30 pedestrians/h) and a weekend (14 pedestrians/h) was quite significant. It is also interesting that in Bratislava on a weekday, on average, up to 44 pedestrians every hour were on the crossings using mobile phones and headphones.



Another interesting finding of this study was that even when the safety risk at pedestrian crossings was heightened due to rush hour traffic and reduced pedestrian visibility (e.g., getting dark or in bad weather), the behavior of pedestrians related to the use of mobile phones and headphones did not change. This trend was observed in all three cities.



Finally, the crossings assessed featured a low level of safety design. It is important to note that if a pedestrian is inattentive because they are using a mobile phone or headphones at a pedestrian crossing which is, in addition, improperly designed from the safety point of view, the risk is doubled, and the probability of an accident is high.



Combining the results of observation of pedestrian behavior at concrete pedestrian crossings with findings of safety assessments at these crossings we can conclude that pedestrians do not consider factors such as good visibility of the pedestrian crossing from the point of view of drivers. That is quite alarming as the visibility is undoubtedly a crucial factor influencing crossing safety.



In relation to the survey results in individual cities, we can conclude that most pedestrians used mobiles and headphones in Bratislava (the biggest city), the smallest part was observed in Ružomberok (the smallest city), with a difference of 5% between these cities. Based on these results, it can be argued that the problem of pedestrians using electronic devices is more widespread in cities with larger populations. This is also confirmed by the results of surveys from China and Australia, where surveys were conducted in cities such as Wuhan and Sydney, and where pedestrians using electronic devices accounted for 15.2% and 36% of all pedestrians, respectively. The survey in Sydney was carried out on signalized pedestrian crossings, which reduces the risk of a pedestrian accident if the traffic rules are followed. However, the results of the survey showed that a large number of pedestrians crossed the road in a way that violated the rules, which means that there is a high probability of an accident also at intersections with traffic lights. A significant number of these pedestrians were pedestrians using mobile devices or headphones, which multiplies the risk of an accident, because the driver of an oncoming vehicle at light-controlled intersections does not expect an obstacle on the road and the attention of a pedestrian breaking the law is distracted.



It is evident that the problem of pedestrians who use electronic devices at pedestrian crossings needs to be properly addressed. This has been confirmed by the number of examples of measures that have been taken abroad. It is interesting that in Slovakia, a bill banning pedestrians using electronic devices when they are crossing the road appeared in 2008. However, it was not approved and since then little attention has been paid to this issue. A large part of the National Road Safety Plan for the Slovak Republic from 2011 to 2020 is dedicated to the measures that should increase the safety of pedestrians, but the issue of the use of electronic devices by pedestrians is not mentioned in this document. In Slovakia, however, we can see a significant increase by more than 50 percent in pedestrian mortality over the last two years. In addition, in view of the effort to meet the international “zero accident vision” by 2050, it is essential that relevant measures are taken to increase pedestrian safety in every single problem area. The impact of the use of electronic devices on pedestrian safety certainly belongs to such problem areas, because according to the results of our research, almost one-tenth of pedestrians that are involved in road traffic accidents are people whose attention is distracted by the use of modern technical equipment.



It is also important to note that the study was conducted in the autumn and winter suggesting that the detected numbers of pedestrians who were using mobiles and headphones at pedestrian crossings can be lower than otherwise due to the use of warm clothing by pedestrians during these seasons (e.g., in cases when the observer was unable to detect the use of wireless headphones on a pedestrian if the pedestrian wore a cap).



Although the results of this study cannot be considered statistically significant, due to restricted number of measurements performed, they can be considered interesting and can be the basis and motivation for the implementation of a larger study.



From our point of view, there are two issues that we would like to take into account in the future work related to our study. We would like to include the factor of interaction between pedestrian and driver with a focus on the driver speed behavior related to pedestrians (who are already on, or are about to step onto, the pedestrian crossing) and identify critical situations caused by improper behavior of drivers and/or pedestrians. This will help to reveal speed adaptation problems related to pedestrian crossings. For this purpose, the research will be conducted by video recording and applying artificial intelligence (that will be used, e.g., for counting the number of pedestrians and identifying behaviors that are relevant for the observation).
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Figure 1. Evolution of pedestrian fatalities in the Slovak Republic during the period 2008–2019. 
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Figure 2. Total distribution of the use of mobile devices and headphones by pedestrians at observed pedestrian crossings in three Slovak cities. 
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Figure 3. Distribution of the age structure among pedestrians using mobile devices and headphones at observed pedestrian crossings. 
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Figure 4. Distribution of the use of mobile devices and headphones by gender among pedestrians at observed pedestrian crossings (blue—men, red—women). 
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Figure 5. Relation between traffic intensity and percentage of pedestrians using mobile phone/headphones at observed pedestrian crossings. 
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Figure 6. Relation between the visibility level of pedestrian crossings and percentage of pedestrians using mobile phone/headphones at observed pedestrian crossings. 






Figure 6. Relation between the visibility level of pedestrian crossings and percentage of pedestrians using mobile phone/headphones at observed pedestrian crossings.



[image: Safety 07 00017 g006]







[image: Table] 





Table 1. Evolution of the number of pedestrian fatalities in selected EU countries during the period 2007–2017.
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	2007
	2008
	2009
	2010
	2011
	2012
	2013
	2014
	2015
	2016
	2017





	Czech Rep.
	232
	238
	176
	168
	176
	163
	162
	130
	150
	130
	129



	Austria
	108
	102
	101
	98
	87
	81
	82
	71
	84
	73
	73



	Hungary
	288
	251
	186
	192
	124
	156
	147
	152
	149
	152
	170



	Poland
	1951
	1882
	1467
	1236
	1408
	1157
	1140
	1116
	915
	868
	861



	Germany
	695
	653
	591
	476
	614
	527
	561
	527
	545
	500
	489



	Great Britain
	663
	591
	524
	415
	466
	429
	405
	464
	427
	463
	-



	France
	561
	548
	496
	485
	519
	489
	465
	499
	466
	553
	480



	Sweden
	58
	45
	44
	31
	53
	50
	42
	52
	28
	42
	37



	Finland
	48
	53
	30
	35
	41
	29
	34
	36
	32
	29
	-



	Denmark
	68
	58
	52
	44
	33
	31
	33
	22
	27
	36
	20



	Italy
	627
	646
	667
	621
	589
	576
	551
	578
	602
	570
	600



	Slovakia
	217
	204
	113
	126
	-
	-
	-
	-
	-
	-
	-



	EU
	8342
	7865
	6828
	6140
	6232
	5647
	5503
	5506
	5265
	5320
	5313



	% change
	-
	−5.7
	−13.2
	−10.1
	1.5
	−9.4
	−2.6
	0.0
	−4.4
	1.0
	0.0







Table is based on EU statistics from sources [6,7,8,9]. The 2017 data for Poland are taken from Polish police statistics [10].
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Table 2. Results of video recording of pedestrian use of mobile devices and headphones on pedestrian crossings in Wuhan, China.
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Way of Using MB

	
Gender

	
Age




	
Men

	
Women

	
0–30

	
30–60

	
60 and More






	
Not using MB

	
n

	
530

	
522

	
560

	
473

	
19




	
%

	
50.4

	
49.6

	
53.2

	
45

	
1.8




	
Telephoning

	
n

	
21

	
18

	
16

	
23

	
0




	
%

	
53.8

	
46.2

	
41

	
59

	
0




	
Looking at the display

	
n

	
73

	
65

	
96

	
42

	
0




	
%

	
52.9

	
47.1

	
69.6

	
30.4

	
0




	
Listening to music

	
n

	
6

	
6

	
9

	
3

	
0




	
%

	
50

	
50

	
75

	
25

	
0








Data are taken from the field research presented in the source [28] (MB—mobile phone).
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Table 3. Influence of mobile phone (MB) and headphone use on pedestrian behavior.
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	Way of Using MB
	Pedestrian Crossing Speed (m/s)
	Number of Pedestrians





	Not using MB
	1.18
	2.236



	Telephoning
	1.14
	1.589



	Looking at the MB display
	1.11
	1.813



	Listening to music
	1.12
	1.791







Data taken from the field research presented in the source [29] (MB—mobile phone).
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