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Abstract

:

Speeding is one of the most relevant risk behaviours for serious and fatal road traffic accidents, particularly among young drivers, being the cause of approximately every third road traffic accident. Due to this background, many road traffic safety campaigns are aimed at reducing speeding among young drivers. However, the effects of campaigns aimed at complying with speed limits for young drivers have significantly fewer effects than other campaigns. For these reasons, an experimental study was conducted to examine how young drivers react to the speeding campaign, which was shown to them on a smartwatch while driving in a driving simulator. Speeding results were compared for three scenarios: no campaign, a billboard campaign and a smartwatch campaign. The experiment involved 102 participants with an average age of 21 years. The results showed that participants were six times more likely to comply with the speed limit if a campaign was shown on a smartwatch than when shown on billboards.
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1. Introduction


Excess and inappropriate speed is one of the main contributors to road traffic crashes and road traffic injuries. It is often reported that approximately one-third of fatal crashes are related to excess or inappropriate speed [1,2,3,4,5]. Because speed at the time of collision is the key determinant of the kinetic energy the human body sustains in a crash, speed is a risk factor for absolutely all injury accidents. The effect of speed is found to be greater for serious-injury and fatal road traffic accidents than for minor-injury road traffic accidents and property damage [6]. Speed not only influences the risk of a crash, but also largely determines the injury’s severity if a crash occurs [5,6,7,8]. This fact especially refers to road traffic accidents between motor vehicles and vulnerable road users (pedestrians, cyclists, e-scooter drivers etc.).



In the United States, at least one driver was speeding in 26% of road traffic fatalities [9]. In the state of Queensland (Australia), 20.4% of crashes in 2018 involved a speeding driver or rider [10], while in the state of New South Wales at least 39% of fatal road traffic injuries in 2019 were found to be related to speeding [10]. Among the European countries that monitor levels of speed compliance on urban roads countrywide, between 35% and 75% of vehicle speed observations are higher than the legal speed [11]. Speeding is a key factor in around 30% of fatal road crashes in Europa [10,11]. Preliminary data from 2020 indicate that the proportion of deaths due to speeding increased during the early months of the COVID-19 pandemic, due to reduced roadway traffic and a reduction in law enforcement activity [12,13]. For every 1% increase in a driver’s average speed, their risk of fatal injury increases by 4% [14]. In addition, speeding has significant impacts on the economy and the environment. In the United States, the economic costs of speed-related crashes were about $50 billion per year [9,15].



Speed has been found to have a very large effect on road traffic safety, probably larger than any other known risk factor, especially among young drivers. Examining the cause of speeding among young drivers, as well as creating preventive measures to comply with speed limits, is a great challenge for research, especially in recent years [9,16,17]. A study conducted by Truelove et al. (2021) examined which factors most influence the fear of speeding in a sample of 200 young drivers (aged between 17 and 25). The variables included were fear of physical loss, material loss and perceived social sanctions, as well as the perception that it is safe to engage in the behaviour without being involved in a crash, etc. The most important factor was the fear of high fines [10].



Many countries are struggling to improve road traffic safety through speed management. One of the important measures related to speed management is the campaign. Delhomme et al. (2009) report evidence that road traffic campaigns at local levels are more effective than campaigns at the national level [18]. The means of transmitting the campaign are very important for the success of the campaign [19]. The specificity of this fact is especially reflected in road traffic, because campaign messages shown on television (while the driver is at home and will not drive for the next few days) do not have the same effect as campaign messages communicated to drivers while driving (e.g., radio, billboards etc.). A road traffic safety campaign will only be effective in terms of behavioural change and road traffic accident reduction if it addresses the underlying motivational determinants of risk behaviour and reaches the target audience by suitable communication efforts [20,21]. Single-theme campaigns significantly reduced the number of road traffic accidents by approximately 10%, while multi-theme campaigns did not. Campaigns with police enforcement, and police enforcement plus education, reduced accidents by 13% to 14%, which is statistically significant. On the other hand, personally-directed campaigns showed the largest effect of all campaign types, with an impact of nearly 40% [18]. A study conducted in 2019 in Slovenia analysed education campaigns for young drivers and concluded that the campaign had a positive effect on the behaviour of young people, and that more personal contact based on empathy, emotions and mutual understanding may be more efficient in increasing awareness of young drivers [22].



Only limited success, with an average effect of 9% reduction in road traffic accidents, was found in a meta-analysis of 67 studies evaluating the effect of road safety campaigns [20,21]. Compared to drunk driving, for example, speed has been found to be quite resilient to change through public campaigns. In a meta-analysis of the effects of a road traffic safety campaign, Phillips & Torquato (2009) found that drunk driving campaigns were generally associated with significantly greater effects than speeding campaigns. They reported an average 18% crash reduction in drunk driving campaigns and a negligible 4% crash reduction for speeding campaigns [23]. On the other hand, some authors share the opinion that the effect of the campaign cannot be reliably measured by the number of road traffic accidents in a territory before and after the launch of the campaign [24,25,26].



Developing countermeasures to reduce speeding is worth the efforts required for public traffic safety. As young drivers today like to use modern technologies (smart phones, smartwatches) [27,28], it is necessary to examine the application of new technologies (smart watches) to improve traffic safety. For these reasons, an experimental study was conducted using the driving simulator, which aimed to examine how young drivers react to the speeding campaign, which was shown to them on billboards and smartwatches.




2. Materials and Methods


In this paper, an experiment was conducted in the Laboratory for Traffic Psychology and Ergonomics (Faculty of Transport and Traffic Engineering—the University of Belgrade) in order to examine the potential differences between the means of displaying campaigns (billboards and smartwatches).



102 respondents participated in the experiment. One group of respondents consists of young drivers who have a driver’s license, while the second group consists of respondents who are currently attending driver training program in driving schools. Participants did not receive any compensation for participation. Furthermore, all ethical measures, rights and discretion of the respondents were respected during the research. Each participant was tested individually, and underwent preliminary trials.



2.1. Conducting an Experiment


For the purposes of this experiment, a driving simulator was used to examine the effects of a speeding campaign on compliance with speed limits for young drivers and candidate drivers who are in the process of training in driving schools. The participants were given clear instructions about the simulator before the experiment, and had a test drive in order to use the set-up comfortably. All participants were given instructions about the use of the driving simulator (changing gears with a manual transmission, giving direction indicators, seat belts, etc.). Respondents were not provided with information on the purpose of the research, to avoid the impact on the results obtained. In addition to the simulator, smartwatches were used for the purposes of the experiment, which the participants received for use before the experiment in order to get used to using them. The participants had the task to drive the given routes on the driving simulator and behave the same way as they would behave in a real traffic environment. For the purposes of the experiment three similar routes were created in urban and rural traffic conditions. With the random number generator, each of the routes could have a “No campaign” scenario, a “Billboard campaign” scenario and a “Smartwatch campaign” scenario. Regardless of the route, participants always drove the first scenario without a campaign, while the other two scenarios (“Billboard campaign” and “Smartwatch campaign”) were generated in a random order. The appearance of the campaign on billboards and on the smartwatch is shown in Figure 1 and Figure 2. The message of the campaign was “Mind on the road—Slow down” (Serbian—“Um na drum—Uspori”).



After driving in the simulator, participants completed an online questionnaire. The questionnaire also contained demographic questions about gender, age and issues related to the possession of a driving license (category of driving license, the number of years holding a driver’s license), as well as questions about the frequency of driving, and about how much the driving simulator used in the experiment faithfully simulates real road traffic situations.




2.2. Characteristics of Driving Simulator and Smartwatch


The driving simulator incorporates three 4200 plasma displays that give the participants a 180° horizontal and 50° vertical field of view of the simulated environment. Each display has resolution of 1360 × 768 pixels and a refresh rate of 60 Hz [4,29,30,31,32,33].



The smartwatch used in the experiment is a Samsung Galaxy Watch 3 (black), dimensions 46.2 × 45 × 11.1 mm (1.82 × 1.77 × 0.44 in), size 1.4 inches and resolution 360 × 360 pixels (~364 ppi density). The driving simulator had a five-speed manual transmission.



For the purposes of this experiment, the driving simulator and the smartwatch are software-paired, so that while driving in specific situations (on a certain part of the road, along the route), the participants receive a campaign message about speed on a smartwatch.




2.3. Collecting and Processing Data


All data on driving characteristics from the driving simulator were collected by the data extraction program which was developed. At the same time, driving data of each particular driving scenario for each participant was recorded, and can be reproduced for analysis. On the other hand, data from the questionnaire were collected and exported in an Excel application.



Statistical analysis was carried out in the statistical software package IBM SPSS Statistics v. 22. Normality of distribution was tested by inspection of histograms and the Kolmogorov-Smirnov test. Since the data for all measured variables distribution were no normally distributed, we used non-parametric methods. To assess the significance of differences, the Mann-Whitney U test, Kruskal–Wallis test and Friedman test were used. We used binary logistic regression for predicting the outcome variables.





3. Results


This chapter contains analysis of the results collected during the experiment in order to show the potential differences in the effects of speeding campaigns when the message is placed using a billboard versus on smartwatch. In order to facilitate the presentation of the results, the following terms and abbreviations have been defined:



Percentage of non-compliance with the speed limit (PncSL)—the average value of the ratio of the number of speed limits exceeded and the total number of speed limits in one driving scenario for all participants;



Percentage of speeding time (PST)—the average value of the ratio of driving time at a speed higher than the limited and the total driving time in one scenario for all participants;



Average Maximum Speeding (AMS)—the average maximum speed of all participants for all speeding;



Average speeding (AS)—the average driving speed above the speed limit for all restrictions and all participants.



3.1. Demographic Data


The experiment involved 102 participants with an average age of 21 years (min-16, max-25, SD-2,37), which indicates that the emphasis is on young drivers and drivers who are in the process of training in driving schools. The share of men in the population that participated in the assessment of vehicle speed was 68.9%, while females participated in 31.4% of the total population. Of the total number of participants, 35.5% are in the process of training in a driving school, while 64.7% of participants have a driver’s license (from the entire number of participants who have a driver’s license, 88.9% have a driver’s license for category B). From the total number of participants, 46.6% drive a motor vehicle every day, 16.7% several times a week, while fewer than 1% of participants are not active drivers. The largest proportion of participants lives in an urban area (79.4%), while 20.6% of participants live in a rural area.




3.2. Gender Differences


Male participants did not respect the speed limit in 30.48% of situations, while female participants did not respect the speed limit in 20.3% of situations while driving on a given route where a speeding campaign was not presented. When billboard was displayed while driving, the percentage of speeding decreased in participants of both genders. Male participants exceeded the speed limit in 23.02% of the set limits, while female participants exceeded the speed limit in 18.4% of cases. The lowest percentage of speeding while driving was recorded by participants when the campaign message was sent on a smartwatch. In such a situation, male participants exceeded the speed limit in an average of 14.13% of cases, while female participants exceeded the speed limit in 12.5% of cases (Figure 3a). Statistically significant gender differences exist for the first two situations (Z = −4.137; p < 0.001, Z = −2.719; p = 0.007 for no campaign and for billboard campaigns, respectively), while statistically significant gender differences do not exist for the campaign message in smartwatches (Z = −0.221; p = 0.825).



Males drive at a speed higher than the limit 16.68% of the time while driving in a scenario where there is no campaign, while females drive at speeds exceeding the limit 14.77% of the time. In the scenario where participants were shown a speed campaign on billboards, male participants drive 14.15% of the time at a speed higher than the limited one, while female participants drive 12.4% of the time. When it comes to the percentage of time that participants drive at speeds higher than allowed for the scenario where the message is sent to respondents via a smartwatch (Figure 3b), 10.92% of the time male participants drive faster than allowed, while female participants drive faster than allowed 9.19% of the time. There are no statistically significant gender differences for these data.



The average maximum speeding (AMS) for male participants is 23.19 km/h, while for female participants it is 15.6 km/h, in the scenario without a campaign. In the scenario when the campaign was shown on billboards, male participants recorded an average maximum speed of 23.01 km/h and female participants of 18.4 km/h. When participants were shown the campaign on a smartwatch, the AMS of male participants is 12.71 km/h, while the AMS of female participants is 7.03 km/h (Figure 3c). For all three scenarios, there are statistically significant gender differences (Z = −3.704; p < 0.001, Z = −2.543; p = 0.011, Z = −4.498; p < 0.001, respectively for the scenario without a campaign, the billboard campaign and a campaign on a smartwatch).



The average speed above the limited speed for the scenario of driving without a campaign, for male participants is 10.63 km/h, while for female participants is 6.98 km/h. When analysing the average speed above the limited speed for the scenario with the campaign on billboards, for male participants it is 8.69 km/h, while for female participants it is 6.58 km/h. In the scenario when the campaign is presented on a smartwatch, the average driving speed above the speed limit for male participants is 7.26 km/h, while for female participants it is 5.43 km/h (Figure 3d). When it comes to the average speed above the speed limit, the results of the Mann-Whitney test show statistically significant gender differences (Z = −3.723; p < 0.001, Z = −2.645; p = 0.008, Z = −2.757; p = 0.006, respectively for a no-campaign scenario, a billboard campaign and a smartwatch campaign).




3.3. Differences between Drivers with a Driver’s License and Drivers in the Process of Training in Driving Schools


Participants who have a driver’s license do not respect the speed limit in 30.64% of cases, while participants who are in the process of training at a driving school do not respect the speed limit in 21.60% of cases while driving on a route without a campaign. When respondents drive along the route at which the campaign is shown on billboards, participants who have a driver’s license do not respect the speed limit in 22.56% of cases, unlike participants who are in the process of training (19.75%). The smallest difference between these two categories of participants in respecting the speed limit is when the campaign is shown on a smartwatch (13.89% and 13.47% of non-compliance with the speed limit, respectively for drivers and drivers in the process of training) (Figure 4a). The results of the Mann-Whitney test show statistically significant differences between participants who have a driver’s license and participants in the process of training only for a scenario with no campaign (Z = −3.733; p < 0.001).



In the scenario where the campaign is absent, participants who have a driver’s license drive at a speed higher than the limit 16.45% of the time, while participants who are in the process of training drive at a speed higher than the limit 15.39% of the time. In the scenario when participants were shown a speed campaign on billboards, participants who have a driver’s license drive faster than the limit 14% of the time, while participants who are in the process of training do so 12.87% of the time. For the scenario in which the message is sent to the participants via smartwatch, participants who have a driver’s license drive faster than allowed 10.86% of the time, while participants who are in the training process drive faster than allowed 9.49% of the time (Figure 4b). For these results, there are no statistically significant differences between participants who have a driver’s license and participants in the process of training at a driving school.



Participants who have a driver’s license exceed the maximum speed limit by 23.88 km/h on average, while participants who are in the process of training exceed the speed limit by 14.78 km/h on average, in the scenario when they were not shown the campaign. The average maximum speed exceeded for participants who have a driver’s license, in the scenario when the campaign is shown on billboards, is 23.19 km/h, while for participants in the process of training it is 15.6 km/h. When participants are shown the campaign on a smartwatch, the AMS of participants who have a driver’s license is 12.71 km/h, while the AMS of participants in the process of training is 7.03 km/h (Figure 4c). For all three scenarios, there are statistically significant differences (Z = −4.464; p < 0.001, Z = −3.853; p < 0.011, Z = −3.455; p = 0.001, respectively for the scenario without a campaign, the billboard campaign and the campaign on a smartwatch).



The average driving speed above the speed limit, for the scenario of driving without a campaign, is 10.95 km/h for participants who have a driver’s license, while for participants in the process of training it is 6.80 km/h. When analysing the average speed above the speed limit, for the scenario with the campaign on billboards, for participants who have a driver’s license exceeding it amounts to 9.22 km/h, while for participants who are in the process of training it amounts to 5.83 km/h. In the scenario when the campaign is shown on a smartwatch, the average driving speed above the speed limit is 7.62 km/h for participants with a driver’s license, while it amounts to 4.97 km/h for participants in the training process (Figure 4d). When it comes to the average speed above the speed limit, there are statistically significant gender differences between participants who have a driver’s license and respondents who are in the process of training in driving school, for all three driving scenarios (Z = −4.445; p < 0.001, Z = −3.872; p < 0.001, Z = −3.164; p = 0.002, respectively).




3.4. Campaign Perception—Billboards vs. Smartwatch


When participants were not shown the campaign, they do not respect the speed limit in 27.45% of traffic situations. On the other hand, if participants are shown speeding campaigns on billboards, the percentage of non-compliance with speed limits is significantly reduced (21.57%), while participants do not respect the speed limit in 13.62% of traffic situations if their speed campaign is displayed on a smartwatch (Figure 5a). The results of the Friedman test also show that there are differences between the impact of the campaign and the way the speed campaign is presented (χ2 = 112.027; p < 0.001).



In the scenario in which the participants were not shown the campaign, they drive 16.08% of the time at a speed higher than the limited one. When participants are shown a campaign on billboards, 13.6% of the time they drive faster than the limited speed, while in situations where participants are shown a campaign on a smartwatch, they drive 10.38% of the time faster than allowed (Figure 5b). There are also statistically significant differences between the three scenarios (χ2 = 144.799; p < 0.001).



Participants record the highest maximum average speed in situations where campaigns are not shown (AMS—20.67 km/h). When participants are shown the campaign on billboards, they record an average maximum speed of 17.63 km/h, while when the campaign is shown on a smartwatch, they record a maximum average speed of 10.93 km/h. The differences between these three scenarios are confirmed by the results of Friedman’s test (χ2 = 135.312; p < 0.001).



Participants record the highest average speed above the limit in the scenario in which no campaign is shown (9.49 km/h), followed by in situations where campaigns are displayed on billboards (8.03 km/h), while participants recorded the lowest average speed above the limit when the campaign was on a smartwatch (6.69 km/h). There are statistically significant differences between the three scenarios (χ2 = 66.503; p < 0.001).




3.5. Logistic Regression Model—Billboards vs. Smartwatch


For predicting the impact of the smartwatch on compliance with the speed limits of young drivers, logistic regression analyses were used (χ2 = 60.639, df = 1, p < 0.001), which accurately classified 71.3% of cases. When participants are presented with a speed limit campaign using a smartwatch, they are 6.068 times more likely to respect the speed limit than if the campaign is displayed on a billboard, and 21.801 times more likely to respect a speed limit than if the campaign is absent.





4. Discussion


When analysing compliance with the speed limit for both genders, in the no-campaign scenario, male participants did not respect the speed limit in 30.48% of situations, while female participants did not respect the speed limit in 20.83% of situations. The percentage of non-compliance with speed decreases for both genders in the scenario when the campaign was shown on billboards (men—23.02%, women—18.4%), while respondents of both genders exceeded the speed limit in the scenario when their campaign message was displayed on a smartwatch (men—14.13%, women—12.5%). These results are consistent with a study conducted by Etika et al. (2021), showing that male drivers are more willing to exceed the speed limit than females. When analysing PST, AMS and AS, a similar conclusion can be drawn, that male participants drive in longer time intervals above the speed limit, have a higher top speed over the speed limit and have higher average overspeed values, unlike female participants. The presented results are in line with many studies, which showed that male participants are prone to risky behaviour in road traffic and speeding [34,35,36]. However, the use of a smartwatch in a campaign to respect speed limits has an impact on safe behaviour in road traffic for both genders. These results show that young drivers of both genders are happy to use and “believe” in new technologies, in this case a smartwatch which gives great opportunities to use it for campaigns in the field of transport. Although it is known that female drivers are more receptive to road traffic safety campaigns aimed at respecting speed limits and that female drivers accept the campaign while driving [24], the effects of the campaign shown on the smartwatch are visible in both genders, and even in some situations has a greater effect on the behaviour of male participants.



The analysis of the obtained results related to compliance with the speed limit for drivers with a driver’s license and drivers who are in the process of training in a driving school, from which it can be concluded that drivers who already have a driver’s license do not respect the speed limit and have higher speed limits (maximum and average), unlike drivers who are in the process of training at a driving school. These results are in line with numerous studies, that drivers are more careful during training at a driving school [2,29,37,38]. However, the implementation of the campaign, being shown to participants on a smartwatch, had effects on both drivers who have a driver’s license and drivers who are in the process of training at a driving school.



An analysis of the results when participants are divided by gender, and whether they have a driver’s license or are in the process of training in a driving school, leads to the conclusion that speed campaigns shown on a smartwatch have an effect in terms of safer behaviour in all groups. Some authors singled out the division of a group of young drivers into different homogeneous groups as a recommendation for creating a campaign aimed at young drivers [21,35,39]. The results presented in this study support the fact that smartwatches have become a medium that makes young drivers a homogeneous group, as well as the means which campaign content can be placed, and that this content affects a change in the behaviour of young drivers, which in turn improved the safety of young people in road traffic, but also other categories of road traffic participants (indirectly).



The results of the presented study show that the participants drive an average of about 30 km/h over the speed limit. These results are consistent with the results of a study conducted by Preece et al. (2018), which showed that young drivers most often exceed the speed limit by more than 10 km/h [40], while only 28% of young drivers admit that they exceed the speed limit while driving [41,42]. By applying the campaign on smartwatches, the average speeding was reduced to about 10 km/h. Some authors believe that participants drive at higher speeds in the driving simulator than they would in a real environment [43,44,45], primarily due to the lack of consequences of a road traffic accident in the driving simulator. Based on the stated facts, it can be assumed that the effect of the smartwatch campaign in real road traffic situations could be even greater. The unequivocal effects of using a smartwatch as a means of presenting a campaign are shown by the results that a large percentage of young drivers improved their behaviour between the two scenarios, when they drove without a campaign and when the campaign was shown on a smartwatch. Displaying the campaign message to drivers on the smartwatch while driving reminds them to change their behaviour. The results of our study are in line with the findings that campaigns can affect the mention of driver speeding behaviour by about 40% [18,46,47].




5. Conclusions


Based on the data collected and analysed, the conclusions of this research are as follows:




	-

	
There are statistically significant gender differences in the perception of the campaign depending on the driving scenario (a higher percentage of male participants than female do not respect the speed limit);




	-

	
The campaign shown on the smartwatch shows the effects on both, female and male participants;




	-

	
There is a statistically significant difference in the perception of the campaign between participants who have a driver’s license and those who are in the process of training in driving schools (participants who have a driver’s license do not respect speed limits at a higher percentage);




	-

	
When respondents are presented with a speed limit campaign using a smartwatch, this can increase the number of people respecting the speed limit by 6.068 times than having a campaign displayed on a billboard, and 21.801 times more likely than in a non-campaign scenario.









From the above results, it can be concluded that there is a great potential for using a smartwatch to present a campaign against speeding, although some studies claim that drivers behave very unsafely in road traffic while using a smartwatch to make phone calls while driving [28]. On the other hand, a message sent on a smartwatch, as well as the vibration, can disturb the driver. These are new questions that should be answered in future research, which would examine the distraction of drivers caused by messages and vibrations on the smartwatches. Furthermore, further directions of research should be aimed at examining a larger number of respondents, different age groups, conducting experiments in a real environment, in different weather conditions and time of day, as well as using different smart watches (shape, design, screen size, etc.), but also examining different types of campaigns (alcohol, belt, etc.).



5.1. Limitations of the Study


The limitation of this study is primarily focused on the fact that the results were obtained on a driving simulator and not in the real environment, so it is necessary to do research in a real traffic environment to implement the obtained results. Additionally, other limitations of this study are the sample size, as well as the difference in sample size between the number of respondents who are in the process of training in driving schools, on the one hand, as well as drivers who have a driver’s license.




5.2. Recommendations


This study shows the significant effects of the application of the smartwatch in the campaign on compliance with the speed limit. Young drivers significantly changed their behaviour when a smartwatch was used as a means of conveying the message, and they enthusiastically accepted the new solution of presenting the campaign in road traffic safety. Additionally, based in part on the results of this paper, the use of a smartwatch to place a road traffic safety campaign against speeding (e.g., displaying a campaign image or message at a certain time interval while driving, vibrating and/or sound effect on the watch due to information via GPS on exceeding the current speed of the vehicle), as well as in other aspects of traffic safety (e.g., seat belt warning—receiving information from the vehicle and starting to light, vibrate and send beeps, etc.), was presented as a recommendation.
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Figure 1. Driving simulator—billboard. 
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Figure 2. Driving simulator—smartwatch. 
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Figure 3. Results by gender for: (a) PncSL; (b) PST; (c) AMS; and (d) AS. 






Figure 3. Results by gender for: (a) PncSL; (b) PST; (c) AMS; and (d) AS.



[image: Mathematics 10 01403 g003]







[image: Mathematics 10 01403 g004 550] 





Figure 4. Results for respondents who have a driver’s license and for respondents who are in the process of training in driving schools for: (a) PncSL; (b) PST; (c) AMS; and (d) AS. 
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Figure 5. Results of three driving scenarios: no campaign, billboards, smart watch, for: (a) PncSL; (b) PST; (c) AMS; and (d) AS. 
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