


Abstract

	A lot of research has been done into the causes of traffic fatalities. The existing literature on this subject states that it is mainly due to driving behavior of participants in traffic, national or local policy and the economic state of an area. In addition, solutions such as specific policy making, campaigns and firm enforcement of the law in the event of traffic violations are proposed. However, little is known about the degree of influence of education levels on the number of deaths. Sami and Najafi (2013) concluded that this factor is indeed related to road deaths for the Fars areas. The number of road fatalities dropped significantly in the case of an increase in education levels. 
This thesis elaborates on this field by analyzing the previous mentioned effect between European countries and regions. The provided data from Eurostat and the European Insurance Database is used to show the extent to which the educational level of European countries influences the number of accidents. Furthermore, this study looked into whether this effect can be better interpreted after adding a proxy for driving behavior. The results indicate that an increase in education level did significantly reduce the number of traffic road fatalities. This applies to both the countries and the four regions in which Europe is divided (Northern, Eastern, Southern and Western-Europe). 
However, this paper could not provide any clarification with regard to driving behavior for Europe.
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´´Nearly 1.25 million people die in road crashes worldwide each year, on average 3,287 deaths a day´´, according to the World Health Organization (2018). This concerns all road users, including cyclists, pedestrians and passengers. On top of that, an additional 20 à 50 million people are injured or disabled. This alarming report emphasizes once again the importance of further research into the causes of these events, after which they can then be targeted to reduce the number of road deaths or partially resolved. Although motorization and atomization of means of transport enhanced the lives of many individuals and economies in the past decade, they have come with a high price. The accidents are most often due to poor driving behavior. This human factor contains mainly error in judgment, reckless driving, over speeding, drunk driving, and disobeying traffic rules. Other various reasons that contribute to this tragic outcome are the condition of infrastructure, lack of legal enforcement, and in fewer extend poor vehicle maintenance. 
With global increase in vehicle use, the results of future researches are expected to be even worse. Besides the fatalities, road collisions incur very high economic costs at a national and local level. The burden that arises mainly affects the health, legal and insurance systems. The institute for Road Safety Research (IRSR) assesses the costs per road death at €2.9 million and approximately €310,000 per serious road injury for the Netherlands (2017). Moreover, the negative social implications of the casualties are sometimes far greater. For instance, the sorrow of relatives and the community who need time and support to encounter the loss. In addition, remedying and supporting the emotional damage suffered by witnesses or persons involved will also have a significant economic impact on the systems. Although the social costs are difficult to express due to the presence of personal values ​​and ethical views, the IRSR estimates the total social costs at 14 billion euros for the Netherlands alone. Which is equivalent to 2 percent of their gross domestic product. In short, it is of great importance to find several solutions and to imply them effectively in order to diminish this problem. 
The most sufficient approach explained by PwC (2017) relies on an excellent strategy in government policy and for policy makers which is outlined by three main characteristics. To start with, managing the right data is necessary to perform analyses that ensure a full understanding of the causes and circumstances of all fatalities. Not only must the data be complete but also accurate to evaluate the effectiveness of policy interventions. This allows for quicker change of policy if it is not achieving the intended result. Secondly, an adequate and inclusive partnership with a shared objective goal is crucial. The reduction in traffic deaths requires an exchange in knowledge and data between agencies and governments. Any authority has to have easy access to the necessary resources in order to deliver and apply the appropriate strategy. Finally, it is important to address the risk factors that underlie traffic accidents through education and legal enforcement and to enhance road and vehicle safety. This type of policy aims to raise awareness among the population and to provide the best environment. But what does the implementation of this strategy mean for Europe?  
Despite the fact that European roads are the safest compared to the rest of the world, measures must be taken to maintain this status and to reduce traffic fatalities even more.  The most ambitious objective was set by Sweden in 1997. This policy, also known as Vision Zero, aims to reduce the number of traffic deaths to zero by 2020. Since the introduction, it has caused the number of victims to be reduced to 270. This achievement is largely due to the stricter enforcement of regulations and the improvement of infrastructure (Johansson, 2015). Another way Europe reduces the death toll is through education. Table 1 in Appendix A contains a list of the leading campaigns promoted by the Centre for Road Safety with the common objective to engage the community and help change unsafe behavior on the roads. They are promoted by all kinds of methods such as education in schools or communities, billboards and commercials. 
 	The fact that education is a defining part in the prevention of traffic accidents can possibly be translated into the idea that further developed countries have a lower mortality rate than others. As mentioned by Jadaan, Al-Braizat and Al-Rafayah (2018), 90% of road traffic deaths occurred in the developing countries with low- and middle income. Figure 1 shows the estimated number of road deaths per country per 100,000 inhabitants. Whereas the average for African regions is largely above 20 victims, the average for European regions is largely below 15 victims. This map clearly shows that the number of deaths, particularly in Africa, South America and parts of Asia, assume high values. This is due to the fact that these continents mostly consist of third world countries and countries where economical, technological and political developments are still in the early stages. Whereas high income countries conduct a wide range of studies, which are designed to develop a more suiting framework concerning road safety strategies, the developing countries lag behind due to the lack of funding. Moreover, the level of development of the population with regard to education is also an element of the comparison between low-and high income regions. The education level has a direct significant relationship towards mortality rates based on the results of the conducted study in the Fars province. It demonstrates that 69.6 percent of the deceased were individuals with relatively non to very low education levels (Sami, Moafian & Najafi, 2013).  
[image: https://ahasanulhoque.com/wp-content/uploads/2013/06/road-safety-map.jpg]
Figure 1. Traffic fatalities per 100.000 inhabitants worldwide. Source: WHO report 2013.
By applying similar analysis, the relationship between education level and road deaths can also be tested for Europe. With the intention of providing more insight into the causes of these fatalities which can lead to a more fitting policy or strategy. The research question that arises from this theory is therefore:
Does the level of education have an influence on the number of road traffic fatalities in European countries?
This paper will provide more insight into the effect of education on traffic deaths. A highlight will be given concerning the role of technology on improving the road environment. Also, a short description of the analysis and data will be given. Furthermore, the outcome of various factors related to the fatalities will be explained, after which Europe is divided into categories to give a better perspective of all factors by carrying out the analysis once again. In addition, a proxy of driving behavior will be added so that the relationship of education on the mortality rate can be better interpreted. Finally, the conclusion will be drawn containing a brief summary, some limitations, and alternative methods which can be conducted in future research.   
[bookmark: _Toc19051995]Theoretical framework
In an era in which technology is the growth engine of the economy and inextricably linked to the concept of globalization, it can be used to reduce social problems. Road traffic deaths are examples of these problems which play a major role in today’s world, mainly for developing countries. As emphasized by Yusuf (2003) information and communication technology has the potential to accelerate, enrich and deepen skills. Such skills can be used to improve or develop new technology that can cause the number of road casualties to fall. So the degree of technological development is strongly correlated with the educational level of a country. A higher percentage of highly educated individuals increases the chance of creating innovative technological developments to improve road safety. The distinction between the safety of road environment and that of vehicles is necessary to provide a better picture of the influence of technological advancements.
[bookmark: _Toc19051996]2.1 Passive safety measures
Passive safety measures are primarily intended to save lives. The two main safety measures used in all vehicles are airbags and seat belts. Using a Seat belt is the most efficient and reduces the risk of fatalities and serious injuries. According to the Centers for Disease Control and Prevention (2011), it decreases the risk of death by 45 percent and the risk of serious injury by 50 percent. In 2009 alone, seat belts saved an estimate of 13.000 lives worldwide. These fact stress the importance of wearing seatbelts and have led to the increase in use of this safety measure from 11 percent in 1981 to 85 percent in 2010 through legislation, education, and technology. As far as Europe is concerned, it has been compulsory since 2006 to wear seat belts in all vehicles, saving 7,300 lives annually. Which is also observable in Italy. After the penalty points legislation was introduced in July 2003, with the goals of changing driving behaviors, not wearing a seatbelt is prosecutable by a fin and even the imposition of license penalty points. The adoption of this system had a positive effect on the health outcome. The use of seat belts among all vehicle occupants increased from 46 percent to 70 percent and the new law reduced the number of road traffic fatalities and injuries significantly in the first 18 months by 18 percent and 19 percent respectively (Zambon, Fedeli, Visentin, Marchesan and Avossa, 2007).  
The second measure in promoting vehicle safety are airbags. The airbag system does not save lives on its own. The system is only effective in combination with the use of seat belts. Airbags make use of sensor technology, of which the controllers are connected to the airbag cushion. Not only do they detect a range of accident types, but they are also capable detecting the number of passengers who need to be protected and the vehicle speed (Elkem, 2017). The front-seat airbags are capable of reducing the risk of fatal injury by 86 percent provided that the seat belt is used.
Other various safety features include: Vehicle Stability Assist, Anti-lock Braking System (ABS), Tire Pressure Monitoring System (TPMS), and Intelligent Speed Adaption (ISA).  All these features detect potential problems or dangers and in some cases intervene early by taking control of the vehicle. ABS for example, prevents skidding where loss of steering and control result from locked wheels when braking hard (European Commission, 2019). However, this safety measure may lead to more aggressive driving due to the overestimation of the effectiveness of it. As for 2022, the revised General Safety Regulation by the EU concerning new safety improving technologies will be mandatory for all vehicles. This includes lane keeping assistant, intelligent speed assistant, and specific requirements to improve the drivers’ vision and remove blind spots. After all, the development of such technological features provide a better guarantee of road safety.
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	The realization of self-driving vehicles can eliminate a large part of the casualties caused by driving behavior. The inter-vehicle communication systems (V2V) ensure that vehicles exchange data and information with each other. This allows vehicles to make decisions while driving by means of calculations. The Ohio state university is investigating the possibilities of the 'pull out and pass' system, in which vehicles make their own decision whether or not to change lanes (Rockwell and Treitere, 1968). The control systems measure distances, speed, road density, and in some cases also weather conditions. The data is processed and communicated to other vehicles. This means, for example, that the correct distances between vehicles is maintained and that vehicles can anticipate by rerouting in the event of a traffic jam. Mobile phones can also be used for inter-vehicle communication. Information regarding traffic accidents and roadblocks are automatically forwarded to other road users by GPS. Several autonomous vehicle research efforts have been carried out since the 1980s in Europe. In particular, the Eureka Prometheus Project between 1987 and 1995. This project was funded by the European Commission and provided support for the development of new technologies that eventually led to many driving-assistance systems used in cars nowadays. In 2017, the German legal framework even allows self-driving vehicles on public roads to stimulate further improvements by providing legislation and legal responsibilities for its use (Daily, Medasani, Behringer and Trivedi, 2017).    

In order to achieve the ideal road environment for these self-driving vehicles, two requirements in the protocol of inter-vehicle communication must be met. The first requirement is that it maintains a flexible network among all vehicles in case vehicles leave or join the network. The other condition requires the protocol to deal with real time data transmission. The arrival of 5G network offers opportunities in this area and even enables further developments. The network speeds up the exchange of information so that vehicles can intervene or make adjustments if necessary in a shorter timeframe. Resulting in the improvement of road safety and therefore also a reduction in the number of road casualties.   
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	Several features affect road safety concerning infrastructure, including intersection design, signage, and curvature. It has a major role in addressing one of the largest injury prevention priorities, pedestrian injuries (Mock, Quansah, Krishnan and Risa, 2004). Safety issues for this target group consists of separation of pedestrian and vehicle flow, safe crossing, and traffic measures to decrease vehicle speed in urban areas. The key policy priority would be the increasing use of known safety related engineering features, such as new construction and renovation of dangerous sections of roadway through data on crash statistics.   
Other important operational goals in road infrastructure are the improvement of the capacity use and safety. These are largely achieved through the use of traffic monitoring systems. Traffic is constantly monitored, so that action can be taken faster where necessary, as in the case of accidents (Caerteling, Halman and Dorree, 2008). Information regarding such events is also directly communicated to other road users, usually via smartphones or the radio, which improves traffic safety and reduces the number of casualties. 
	Further improvements to road safety can be achieved through the use of Artificial Intelligence (AI). For example, Toyota based in America has patented an invention designed through artificial intelligence, called Infrastructure - based collision warning. It relates to a device that processes large amounts of data with regard to speeds and positioning of vehicles approaching an intersection. If the device subsequently detects potential hazards, it can adjust the traffic lights so that the risk of collisions is reduced (United States Patent, 2008). More recently, within cooperative systems, research was carried out where vehicles are connected via continuous wireless communication with a Traffic Management Center and the road infrastructure, exchanging data and information regarding a specific road segment to ensure traffic management. Different automatic vehicle identification (AVI) systems such as automatic vehicle tags identification, automatic license plate matching techniques, and global positioning system (GPS), were used for this (Al-Faouzi, Leung and Kurian, 2011).
In short, technological developments ensure a significant improvement in road safety. These developments affect road users and vehicles as well as the infrastructure and policies. However, according to Doms, Dunne and Troske, the degree of technological innovation is positively correlated with the education level (1997). This means that countries with a relatively low educational level are lagging behind in the field of road safety, which increases the chance of road traffic fatalities. Stimulating pupils to follow certain studies or proclaiming the importance of education among this target group can be a solution to this phenomenon. 
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According to Reich and Nantulya, one of the main causes of the high number of road traffic deaths for certain countries lies in the growth of the use of motor vehicles (2002). A higher vehicle density in combination with poor driving behavior considerably increases the risk of accidents. Speeding and alcohol account for the largest share of this human factor. The second explanation for the high burden is poor enforcement of traffic safety regulations due to inadequate resources, administrative problems, and corruption. Another reason is the deficiency of the public health infrastructure in providing the right treatment for traffic injuries. But to indicate the precise cause, it is important that each country collects data on the characteristics of injuries. Most high-income countries use the Fatality Analysis Reporting System (FARS) to collect data on road traffic deaths and injuries. Few less-developed countries have formal injury surveillance systems, which usually relies on police reports and vital statistics.  As a result, some factors diminish the usefulness of this data, including delays in compilation, reliability of the data, and underreporting (Mock et al. 2004). 
	For Europe, road safety initially remained under the Common Transport Policy (CTP) until the 1990s and was only taken into account in case of the threatening of fair competition or the free circulation of goods and people. In 1992 traffic safety was recognized for the first time both explicitly and independently. This was also reconfirmed in the Amsterdam (1997) and Lisbon (2007) Treaties. Since then, the European Union encourages national policy-makers to execute a new European road safety culture, which includes three types of legislation: regulation, directives, and the so-called soft law. The latter is not an obligation for member states and consists of action programs, policy targets and white papers on topics not directly covered by the European Union. The bulk of the regulations and decisions relates to technical aspects of vehicles (blind spot mirrors, weight and dimension, lights) and infrastructure, the working conditions of professional drivers. The other part refer to more specific areas behavior, such as speeding, alcohol and drugs (Manzano, Nuno and Fageda, 2014). 
	Based on the results of the study conducted by Gitelman, Doveh and Hakkert (2010), European countries with the highest level of safety performance are: Sweden, Norway, France, Great Britain and Germany. These are also countries with relative high income. The indicators referred to three types of road safety benchmarking: policy performance indicators, final and intermediate road safety outcome, and the country’s background characteristics (motorization level, population density).  This outcome can be assigned to various aspects. One of them is the health expenditure of the country. Manzano, Nuno and Fageda (2013), concluded that health expenditure has a significant negative relationship with the number of road casualties. For example, an increase of 10 percent in health expenditure implies a decrease of 3 to 5 percent in the number of road fatalities. In addition, safety policy related to maximum blood alcohol rate and speed limits also seem effective in reducing traffic fatality rates.
	

The European Union prioritizes the full monitoring and correct implementation of the road safety and its enforcement by member states. Since 2004, recommendation on how member states should adapt a National Road Safety Policy (NRSP) was set in motion. The target was an ambitious casualty reduction and a national enforcement plan, which is reported back to the European Union every two years (Manzano et al, 2014). Ultimately, it draws all countries closer together on road safety policy through joint involvement. The European Union Influence is a hybrid process based on dynamics of national initiatives, in which the northern and western states also have a positive impact on other countries through their successful policy making (the Swedish ‘Vision-Zero’ and the ‘Sustainable safety’ from the Netherlands). 
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	There are various socioeconomic factors that influence road safety. Age is an important fraction in this context, which can generally be divided into three categories: children, adults and seniors (refers to individuals over 50 years of age). The older people get, the worse the sight and hearing become. The latter category is often not aware of this fact because the process gradually extends over many years. As addressed by Holland and Rabbit (1992), this ensures in the long term that those experiencing this decline cannot make the right estimation in traffic or respond adequately if necessary. By creating self-awareness among those individuals, better decisions can be made; e.g. in case of reduced visibility, they will avoid driving in the dark. But the age domain in which the vast majority of victims can be detected is between 15 and 44 years old, which refers to the category adults.
According to the published WHO report (2004), more than 50 percent of the traffic fatalities can be assigned to this group. The rates for this age group are higher in low-income and middle-income countries. On the other hand, children under 15 years of age have the lowest mortality rates. Despite the relatively low rates, they are the most vulnerable because of the incomplete development of their cognitive skills. Boateng and Thomson (1991) imply that specific training must be developed to raise awareness among children regarding the dangers in traffic. Also, the introduction of self-awareness at a young age will lead to a better estimation and detection of the dangers as mentioned for the seniors.
	In addition to age, there is also a clear difference visible between genders with regards to mortality rates. Between the two sexes the significant difference in driving characteristics are speed, skills, and attitude. In general, women are more likely to drive at lower speed. Males, on the other hand, are more skillful and have a riskier attitude towards driving (Storie, 1977). Most studies conclude that men are relatively more involved in fatal accidents than women. Both Al-Balbissi (2010) and Walker and Butland (2000) revealed a definite trend of significantly higher accidents rates for male drivers compared to female drivers. With the latter emphasizing the male youth in particular. According to them, cultural constructions of masculinity are central to the problem. The difference in fatalities between genders is also endorsed by the WHO report (2004). It shows that men were involved in a mean of 80 percent of crashes. In 2002, 73 percent of all road traffic fatalities were males, with an overall rate three times that of females. These facts are regardless of income level, age groups, and regions. The difference can be explained by both exposure and risk-taking behavior.  
	Finally, the socioeconomic status is known to be a risk factor for road deaths. Individuals living in poorer areas are at greater risk of being killed, even in high income countries, where the cause is sought in the exposure to risk, rather than in behavior. A research conducted in Palestine indicates significant group difference of being involved in fatal road accidents. For instance, the involvement probability was found to be higher for non-Jews than for Jews. Also, for Jews drivers of African or Asian origin than Jews of American or European origin. In addition, a higher education level corresponds with a lower probability of involvement in fatal accidents (Factor, Mahalel and Yair, 2008). 
Likewise, a study in America has shown that there are significant differences between socioeconomic status and road deaths. Braver (2003), showed that Afro-Americans, particularly males, had higher risk of dying when traveling in motor vehicle compared to other races. This also applies to Hispanic men. The lower levels of education for both these groups, is a stronger determinant of motor vehicle fatalities per unit of travel. In short, to reduce the differences in socioeconomic status, an investment in education will be necessary.
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The data used for the first part of this research is primarily obtained from Eurostat. Eurostat is a civil service of the European Union that is responsible for compiling statistics on various topics at national, regional and European level. These data is processed and adapted at national level before being published. Eurostat is located within the European Commission and carries out its obligations together with the Committee. As a result, the publications of findings guarantee impartial, reliable, relevant and cost-effective statistics for the general public and institutions. 
Besides Eurostat, the data required for the second part in which the proxy of driving behavior is analyzed, has been extracted from Insurance Europe and the Organization of Economic Cooperation and Development (OECD). Insurance Europe is the reinsurance non-profit federation which emphasizes the safeguarding of principles such as transparency, honesty and integrity. It provides information about, among other things, insurance claims of several European country spread over different years. The association is registered in the European Commission and therefore bound to its code of conduct. All data regarding the variables extracted from Eurostat, OECD, and Insurance Europe can be found in Appendix B. 
The data of interest made available by OECD was related to the purchasing power parity. To make their information accessible to all, cooperation with governments and policy makers is indispensable for this international organization. The institute specializes mainly in providing historical and present information on topics such as, health, economy, environment and legislation around the world.


All three sources can be classified as trustworthy and correct. This is mainly due to the independent status of these associations. Therefore, the wide range of information and data applied in this research meet the reliability standards. 
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In order to answer the research question it is necessary to compile information regarding the education level of the European countries. In addition, data on the number of road traffic fatalities from these countries is gathered. At last, several control variables have been added so that the direct effect of education level with respect to fatalities can be interpreted more accurately. These control variables are GDP, Passengers Transport, Road Length, and Insurance. After transforming and merging the available data, various linear regressions have been carried out to measure the effect of both the independent variable and the control variables on the dependent variable. In these regressions, the number of traffic road victims acts as a dependent variable and the education level as an independent variable.
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In order to create the data file that is needed for this research, it is first of all important that the variables are defined correctly. For example, Eurostat statistics are presented in different ways, with the variable calculated in some cases relative to distance, persons or index. This allows the choice of the wrong denominator to influence the results of this research. After gathering all variables, it appeared that each had a different range with regard to the years in which this data was made available. 
After the choice for the correct denominator has been made, the aggregation of all data has ensured that an overlap in the range could be established. This showed that the period for which all variables assumed a certain value was from 2009 to 2017. Thereafter, some European countries like Lichtenstein were omitted from the data file because little to no information was available regarding these countries. Leaving 31 counties participating in this study that are listed in Appendix C. Selecting the time range and omitting certain countries are the main adjustments that have contributed to creating the required data file.

Traffic Deaths: This variable measures the number of fatalities caused by road accidents, including drivers and passengers of motorized vehicles and pedal cycles as well as pedestrians. Persons dying on road accidents up to 30 days after the occurrence of the accident are counted as road accident fatalities. After these 30 days, the reason for dying might be declared differently. 
The average population of the reference year, calculated as the arithmetic mean of the population on 1st January of two consecutive years, is used as denominator. The values are given per 100.000 persons in order to correct for the difference in population size between large and small countries.
Tertiary Education: The appellation of education levels and the classification of the education system differ within the European Union. In order to ensure that diplomas also apply outside the country, a general classification has been created within the European education system. The system can be divided into three categories. The first category is called primary education which consists of levels 0 to 2. Then secondary education follows, indicated by levels 4 and 5. The third-stage education following the graduation of a school providing secondary education, includes universities as well as colleges, is classified in levels 5 to 8 (Eurostat, 2019).
 Only tertiary education is relevant for this study, because it is the highest attainable level and also the most representative, making it easier to estimate the influence of education on the number of road deaths. The variable relates to individuals between 15 and 65 years old. It is expressed in percentages where the number of people with a tertiary education degree within this age category is divided by the total population. The conclusion drawn by Sami et al (2000) that a greater portion of high educated individuals leads to a lower mortality rate in the Fars area, tends to suggest that European countries with a higher percentage of tertiary educated population will have fewer fatalities with respect to the rest. 
GDP: The relationship between traffic fatality risk and the income level is U-shaped. At first the risk declines at income similar to those with multiple externalities. The turning point is caused by rate of decline of deaths per vehicle as income rises (Kopits & Cropper, 2004). The high-income countries largely owe the low ratio to road safety improvements due to the policy pursued. This theory is backed by the WHO 2013 report in which middle-income countries have the highest ratio of 20.1 deaths per 100,000 and high-income countries have the lowest ratio of 8.1 per 100,000 inhabitants. Although only 5 countries are classified as low-income countries, this category has a ratio of 18.3 deaths. Moreover, 80 percent of these tragic events occur in middle-income countries.
In this study, GDP is defined in current prices represented in million euros. Due to the large differences in the given income levels, a transformation of this nominal variable into a logarithmic scale has been carried out. 
Road Length: This factor represents the total network of roads per country in kilometers. Because the obtained data did not show a clear distinction in the type of roads such as motorways or provincial roads, the difference in roads on accidents cannot be measured. Hence the total network is used in this case.   
The reason for adding road length to the regression has to do with the fact that a larger road network of a country or region results in a higher capacity. This means a greater number of road users, which logically leads to a higher risk of accidents and therefore more deaths. For example, between 1970 and 2011, quadrupling the total road network in India contributed to an increase of 4.4 times the number of accidents and 9.8 times the number of fatalities (Ruikar, 2013).



Passenger Transport: This indicator is defined as the ratio between the volume of inland passenger transport measured in passenger-kilometers and GDP. It includes transport on national territory by passenger car, bus and coach, and train. The values of this variable is displayed as an index relative to 2005. 
It is expected that the number of participants in traffic has a positive relationship with regards to the number of deaths. 
Insurance: This proxy represents the driving behavior of road users per country. Not only is the total amount claimed from insurance companies as a result of accidents important, but also the frequency of these claims. Therefore, the claim costs used is defined by the gross claims expenditure divided by the number of claims notified, excluding nil claims. However, the claims still need to be corrected for the purchasing power parity. The costs for having an identical component of a vehicle made or reimbursed may vary between countries. This is mainly due to the difference in labor costs and the availability of the component. After correcting for purchasing power, there were only 17 countries (Appendix C) that contained sufficient information. 
 As mentioned before, poor behavioral driving is the main cause of road traffic deaths. According to Petridou and Moustaki (2000), this behavioral factor can be distinguished in (i) those that reduce the capability on the long term s.a. alcoholism, inexperience and disease, (ii) those that reduce the capabilities on the short-term s.a. fatigue and distraction, (iii) those that promote risk taking behavior s.a. overestimation of capabilities and habitual speeding. It appears that in 60 percent of crashes, one of these factors played a major role in the causation.  
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In order to clarify the effect of education levels on the number of road deaths, the Ordinary Least Squared (OLS) regression method was used. The regressions were carried out with the help of the Statistical Package of the Social Science (SPSS).  In order to correctly perform these calculations, the missing variables are processed in the data file, so that they do not lead to incorrect results. Which ultimately results in the incorrect interpretation of the relationship between the variables. The first linear regression was performed without the proxy of driving behavior. By leaving aside this variable, Europe can be divided into 4 areas. The allocation of the countries to one of the territories can be found in Appendix D. The geographical Subdivision of Europe into Northern Europe, Western Europe, Southern Europe and Eastern Europe has been established on the basis of statistical convenience by the UN Statistic Division (Sen Nag, 2018). 
	Thereafter, the variable insurance is added to the regression to present the effect as clear as possible. The two regressions mentioned look as follows: 
(i) TrafficDeaths=βₒ + β₁TertiaryEducation + β₂LogGDP + β₃RoadLength + β₄PassengerTransport + ε        (By Area)
(ii) TrafficDeaths=βₒ + β₁TertiaryEducation + β₂LogGDP + β₃RoadLength + β₄PassengerTransport + β₅Insurance + ε
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Table 1 provide a clear picture of the descriptive statistics of all variables. It states the number of observations, the minimum and maximum, the average and the standard deviation of each variable.

Table 1. Descriptive statistics of the variables.
	
	Obs.
	Minimum
	Maximum
	Mean
	Std. Deviation

	Road Length
	232
	2410
	1091933
	144630,46
	213339,549

	Traffic Deaths
	273
	1,2
	13,7
	5,986
	2,4628

	GDP
	279
	6138,6
	3277340,0
	484050,215
	736874,1681

	Tertiary Education
	279
	11,2
	40,4
	26,270
	7,2849

	Passenger Transport
	279
	56,3
	139,9
	96,892
	11,4967

	Insurance
	133
	9
	7205
	2002,30
	1755,4584



It is noticeable that some of the variables lack observations. Whereas GDP, Tertiary Education and Passenger Transport contain the maximum of 279 observations, insurance has only 133 observations. This difference is due to the fact that the other variables provide values of 31 countries. Insurance, on the other hand, only covers 17 countries. In addition, not all annual data from a certain country is made available. The average number of road deaths in Europe in the period 2009 to 2017 is approximately 6 per 100,000 inhabitants. The lowest death rate was experienced by Iceland in 2014 with 1.2 deaths per 100,000 individuals respectively. Romania achieved the worst score in 2009 in terms of the number of victims.
	In 2017, Ireland had the highest percentage of educated people in the labor force, in which 40.4 percent of this target group achieved a tertiary level. On the other hand, Romania had the lowest percentage in 2009 with 11.2 percent respectively. This fact corresponds to the aforementioned death ratio. From this, the suggestion can be made that the education level may have an effect on the number of road deaths. 
	As mentioned in the previous section, GDP contains large differences in values between countries. The minimum value of 6138.6 million, which is assigned to Malta in 2009, is a fraction of the 3,277,340 million of Germany in 2017. This wide interval causes the standard deviation to assume such a high number. This is also the reason that this variable has been transformed into a logarithmic scale. GDP is not the only variable with a high standard deviation. Road Length is also characterized by this, but for this variable the transformation has no added value in the interpretation of the regression results. On the contrary, the explained variance (R-Squared) with regard to the effect of Road Length on Traffic Death is reduced.
	
Finally, the variable Passenger Transport contains a relatively small interval. This is due to the fact that the applied data is displayed as an index with 2005 as the base year. An index figure is a ratio that expresses the size of a certain phenomenon in relation to that same phenomenon in another period.
[bookmark: _Toc19052007]Results
To measure the effect of national education levels on the number of road traffic fatalities, it is first of all neccesary to examine whether a link can be made. A scatter plot can be used to spot a possible connection graphically, as shown in figure 2. In addition, it sketches an image that can be used to interpret later results.
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Figure 2. Scatterplot with Fit line of Traffic Deaths by Tertiary Education by Regions.
	The scatter plot in Figure 2 shows a connection with the distribution of the percentage of the working population with a tertiary education diploma (Tertiary Education) on the x-axis and the number of road deaths per 100,000 persons on the y-axis (Traffic Deaths). The line of best fit is drawn through the scatterplot to find the association between Tertiary Education and Traffic Deaths. The line has a negative slope which indicates a negative relationship between the two variables. In other words, a higher percentage of highly educated people in a country is associated to fewer traffic road fatalities. Furthermore, the division of the four regions is distinguished by color. Due to this division, it appears that the relatively less educated areas, Eastern and Southern, have a higher overall ratio of road traffic fatalities. The northern region with the greatest percentage of highly educated has also the lowest death ratio.
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Figure 3. The relationship between GDP Per Capita and the number of Traffic Deaths. 
	Figure 3 shows the relationship between GDP per capita and road traffic deaths for the years 2009 till 2017. The graph shows a decline of traffic fatalities in the beginning of the interval, after which it increases again at the turning point. European countries with a low GDP per capita have a high death ratio, as do countries with a high average income. The turning point is around the net average income of 35,000 euros.
	Although a U-shaped relationship is perceptible, it is contrary to what Kopits and Cropper (2003) claim. They stated an opposite effect, in which the graph is initially characterized by a rising line, after which it decreases again. In other words, countries with relatively low or high GDP per capita have more traffic fatalities than countries with an average GDP per capita. But, figure 3 suggests otherwise. It must be stated, however, that the number of observations with a higher average income of 40,000 decreased drastically.
[bookmark: _Toc19052008]5.1 Factor effects in and between regions
The results of the regressions are illustrated in the table below, which include six different models. The first two models do not yet distinguish between the European Regions. The first model is a single linear regression in which the effect of education level is measured without the addition of control variables. Model 2, on the other hand, is a multiple linear regression and does contain the addition of control variables: LogGDP, Passenger Transport and Road Length. The third model relates to the four different European regions, with different coefficient for each region. Although in model 1 the independent variable, Tertiary Education, is significant, the correct conclusion cannot be drawn. This has to do with the fact that not only education level plays a role in the cause of traffic accidents but also several other factors. Moreover, this model states that, contrary to the rest, the educational level of a country or region has a positive relationship with regard to the number of road traffic deaths. 
	
In contrast, model 2 outlines the relation between these variables better, which is also reflected in the percentage of the explained variance. Where only 23.1 percent of the variance can be explained for model 1, the variance in model 2 can be explained for 54.3 percent after the addition of the control variables. From this it can be concluded that the growth in the number of highly educated individuals in a European country has a significant counteracting effect on the number of road casualties. An increase of one percent in the highly educated among the workforce leads to a decrease of 0.193 traffic road fatalities per 100.000 individuals. For example, for the Netherlands this means that the total number of victims will fall from 571 to 494, assuming a total of 17 million inhabitants. 
The countries’ income level and the number of commuters also have a negative relationship regarding the number of fatalities. Although this outcome can be explained for the national income level, it is not obvious for Passenger Transport. The prediction is that an increase in the number of commuters will result in an increase in the number of accidents. The high insignificant coefficient of this variable may explain the unexpected outcome. The variable Road Length has, as expected, a positive significant effect, with the number of traffic road deaths per 100.000 increasing by 0.000003314 per kilometer. In addition, a one percent increase in GDP causes a decrease in the same ratio by 2.365.

Table 2. Linear regression results regarding the effect of education, income level, road length, passengers on traffic deaths. 
	Model               1, 2 & 3
	Tertiary Education 
	    Total
	  Regions

	Tertiary Education
	10.488**
(0.000)
	-0.193**
(0.000)
	-0.186**
(0.000)

	LogGDP
	
	-2.365**
(0.000)
	-2.258**
(0.000)

	Road Length
	
	3.314E-6**
(0.000)
	3.077E-6**
(0.000)

	Passenger Transport
	
	-0.009
(0.444)
	-0.003
(0.808)

	Sourthern Europe

	
	
	-0.350
(0.377)

	Western Europe

	
	
	-0.066
(0.854)

	Eastern Europe
	
	
	0.361
(0.377)

	Constant

	
	23.969**
(0.000)
	22.669**
(0.000)

	R-Squared
	0.231
	0.543
	0.560

	a. Dependent Variable: Traffic Deaths.



	















The division of Europe into regions has led to different outcomes for each of them. Education level still has a negative significant relationship with regard to the number of road casualties in model 3. An increase of 1 percent in the number of highly educated people in a country causes an average decrease of 0.186 road deaths per 100,000 inhabitants. GDP also has the same effect, with a percentage increase of this factor resulting in a decrease of 2.258 traffic accidents per 100,000. Although passenger transport has a positive small effect, it is not significant. The road network, on the other hand, has a significant positive effect. Each addition of a kilometer road causes an increase of 0.000003 of road traffic victims.
	In terms of regions, Western Europe and Northern Europe have a negative relationship with road deaths. A country located in Western Europe has an average decrease of only 0.066 deaths while the figure for Southern Europe is 0.350 per 100,000 inhabitants. In contrast to the areas, Eastern Europe has a positive effect on the number of victims. This area is characterized by an increase of 0.361 traffic deaths per 100,000 persons. However, it must be mentioned that the results for all regions are not significant.
	Southern Europe is due to multicollinearity not included in the constant. This constant for model 3 is 22,669. In addition, a high R-squared value of 0.560 can be observed regarding this model.
[bookmark: _Toc19052009]5.2 Driving behavior
The results of models 4, 5 and 6 were achieved after the addition of the driving behavior proxy. The regression in which only the effect of insurance on road accidents is measured. This shows that the proxy has no influence on the dependent variable on itself, which is reflected in the low explained variance of 2.4 percent.
Table 3. Linear regression regarding the effect of driving behavior on Traffic Deaths. 
	
Model 4, 5, 6
	Insurance
	Insurance & Education
	Total

	Tertiary Education
	

	-0.131**
(0.000)
	-0.160**
(0.000)

	Insurance
	0.000
(0.073)
	-9.092E-5
(0.291)
	7.615E-5
(0.413)

	LogGDP
	
	
	-1.430**
(0.000)

	Road Length
	
	
	3.036E-6**
(0.000)

	Passenger Transport
	
	
	0.002
(0.919)

	Constant
	5.571**
(0.000)
	8.818**
(0.000)
	16.775**
(0.000)

	R-Squared
	0.024
	0.268
	0.436

	a. Dependent Variable: Traffic Deaths.



	
Model 5 includes and additional control variable. Education level has a significant effect on the number of road deaths. The proxy, on the other hand, has an insignificant effect that is negligible. This is also the case for model 6, despite the fact that 43.6 percent of the variance in this model can be explained after the addition of several control variables. The fact that the effect of insurance is minimal may have two reasons. Firstly, driving behavior may not affect the number of road deaths. The second and more obvious reason is that the proxy Insurance is not correct. In other words, it does not reflect the driving behavior of road users.
[bookmark: _Toc19052010]Conclusion
The number of road casualties is seen as the biggest social problem worldwide. Part of this is due to motorization and autonomy in traffic. It is also worth noting that the extent of this problem differs per region or continent. Areas in Africa and Asia experience this negative effect the most. Which is mainly due to an insufficient capacity of the infrastructure and inefficient use of resources. In addition, the rules and regulation are not or only partially enforced in this regions, which is at the expense of road safety.
	Europe, like the rest of the world, also faces this social problem but to a lesser extent. All kinds of measures have been taken to reduce this problem. Sweden for example, set up the Vision Zero program with the aim of reducing the number of road deaths to 0. There have also been various campaigns across Europe to raise awareness and educate people in an educational manner. To combat this problem it is important to know what causes it. Research shows that the majority of road accidents are due to the driving behavior of road users. Besides this human factor, Sami concludes that the education level of a particular country or region has a significant negative relationship with regard to the number of traffic road fatalities. Through the interpretation of the results, the research question of this study that has tested this relationship for Europe will be answered:
Does the level of education have an influence on the number of road traffic fatalities in European countries?
	All models show that the education level has a significant negative effect on the number of road casualties. For Europe as a whole, a growth of 1 percent in the number of highly educated people in a country reduces the number of traffic deaths by 0.193 per 100,000 individuals. Regarding the division of Europe into regions, there are differences between the regions regarding road traffic deaths. The effect being negative in Southern Europe and Western Europe with a respective decrease in fatalities of 0.350 and 0.066 per 100,000 inhabitants. On the other hand, countries located in Eastern Europe have an average increase of 0.361 road deaths. Which corresponds to figure 2 in which this region is characterized by the highest number of traffic fatalities and also the lowest percentage of highly educated people. The education level of a country also reflects technological progress. Technology offers many possibilities in improving road safety through the use of artificial intelligence, vehicle 2 vehicle communication systems, big data, and 5G network. The development and application of these features offers opportunities to reduce the number of road traffic fatalities not only in Europe but also in the rest of the world.
	As mentioned earlier, driving behavior plays an important role in road accidents. Therefore it is important to include this factor in the research into the effect of education. After the insertion of insurance as a proxy for driving behavior, it appeared that it had a minimal impact on the number of road deaths. In addition, the explained variance of the model deteriorated, resulting in a less reliable model. It can therefore be concluded that insurance is not the right proxy for the driving behavior of road users.
[bookmark: _Toc19052011]Limitations
Further research can create more clarity with regards to some aspects of this study. For instance, an explanation can be given about the contradiction between the literature and reality. In which according to the literature the relationship between the average net income and the number of road casualties is U-shaped. Countries with an average Net GDP per Capita experience the most road traffic deaths. This study only confirms this relationship in reverse, in which these countries have the least number of road casualties.
	Another important aspect is the use of a proxy that better represents the driving behavior of road users. The number of traffic fines for each country issued can be considered as a more suiting proxy. However, these data are difficult to obtain because of the available information of each country. In addition, countries differ in the enforcement of laws and regulations with regard to traffic and their degree of bureaucracy. After all, corruption can also disrupt the accuracy of this proxy.
	Furthermore, the variable Road Length can be split into the type of road in follow-up studies. After which the difference in traffic deaths can be measured per type of road. This principle can also be applied to the means of transport. By dividing means of transport into the categories: bicycle, motorcycle, car and trucks, the effect of each of these can be measured. So that policy makers can implement a solution in a more targeted way.
Finally, it is interesting to look at the difference between men and women with regard to road casualties. But here too, the data is limited available for certain regions.














[bookmark: _Toc19052012]References
Al-Balbissi, A.H. (2003). Role of Gender in Road Accidents. Traffic Injury Prevention, 4(1), 64-73.
Al-Faouzi, N., Leung, H. & Kurian, A. (2011). Data fusion in intelligent transportation systems: Progress and challenges. Information Fusion, 12(1), 4-10.
Boateng, K.A. & Thomson, J.A. (1991). Children’s perception of safety and danger on the road. British Journal of Psychology, 8(4), 487-505.
Braver, E.R. (2003). Race, Hispanic origin, and socioeconomic status in relation to motor vehicle occupant death rates and risk factors among adults. Accidents Analysis & Prevention, 35(3), 295-309. 
Caerteling, J.S., Halman, J.I.M. & Dorree, A.G. (2008). Technology Commercialization in Road Infrastructure: How Government Affects the Variation and Appropriability of Technology.  The Journal of Product Innovation Management, 25, 143-161.
Centers for Disease Control and Prevention. (2011). Policy Impact: Seat Belts. Retrieved from https://www.cdc.gov/motorvehiclesafety/seatbeltbrief/index.html 
Center for Road Safety. (2019). Campaigns: clever concepts. Retrieved from https://roadsafety.transport.nsw.gov.au/campaigns/index.html 
Daily, M., Medasani, S., Behringer, R. & Trivedi. (2017). Self-driving cars. Computer, 50(12), 18-23. 
Doms, M., Dunne, T. & Troske, K.R. (1997). Workers, Wages and Technology. The Quarterly Journal of Economics, 112(1), 253-290. 
Elkem. (2017). Fun Facts about Airbags. Retrieved from http://automotive.silicones.elkem.com/using-concept/infographic-fun-facts-airbags 
European Commision. (2019). Mobility and Transport: Road Safety. Retrieved from https://ec.europa.eu/transport/road_safety/specialist/knowledge/vehicle/safety_design_needs/cars_en 
Factor, R., Mahalel, D. & Yair, G. (2008). Inter-group difference in road-traffic crash involvement. Accidents Analysis & Prevention, 40(6), 2000-2007.
Gitelman, V., Doveh, E. & Hakkert, S. (2010). Designing a composite indicator for road safety. Safety Science, 48(9), 1212-1224.
Holland, C.A. & Rabbit, P.M.A. (1992). People’s Awareness of their Age-related Sensory and Cognitive Deficits and the Implications for Road Safety. Applied Cognitive Psychology, 6, 217-231.
Institute for Road Safety Research. (2017). Road crash costs. Retrieved from https://www.swov.nl/en/facts-figures/factsheet/road-crash-costs 
Jadaan, K., Al-Braizat, E., Al-Rafayah, S., Gammoh, H. & Abukahlil, Y. (2018). Traffic Safety in Developed and Developing Countries: A Comparative Analysis. Journal of Traffic and Logistic Engineering, 6(1), 1-5.
Johansson, A. (2015). Renewed Commitment to Vision Zero. Retrieved from https://www.government.se/4a800b/contentassets/b38a99b2571e4116b81d6a5eb2aea71e/trafiksakerhet_160927_webny.pdf 
Kopits, E. & Cropper, M. (2003). Traffic Fatalities and Economic Growth. Maryland: University Department of Economics.
Manzano, J.I.C., Nuno, M.C. & Fageda, X. (2014). Can health public expenditure reduce the tragic consequences of road traffic deaths? The EU-27 Experience. Journal of European Public Policy, 21(2), 645-652.
Manzano, J.I.C., Nuno, M.C. & Fageda, X. (2014). Could being in the European Union save lives? An econometric analysis of the Common Road Safety Policy for EU-27. Journal of European Public Policy, 21(2), 211-229.
Mock, C., Quansah, R., Krishnan, R. & Risa, C.A. (2004). Strengthening the prevention and care of injuries worldwide. The Lancet, 363(9427), 2172-2179.
Nantulya, V.M. & Reich, M.R. (2002). The neglected epidemic: road traffic injuries in developing countries. bmj, 342, 1139-1141. 
Petridou, E. & Moustaki, M. (2000). Human factors in the causation of road traffic crashes.  European Journal of Epidemiology, 16(9), 819-826.
PWC. (2017). A Guide for Policy Makers: on Reducing Road Fatalities.  Retrieved from https://www.pwc.com/m1/en/publications/road-safety/pwc-guide-on-reducing-road-fatalities.pdf
Rockwell, T.H & Treiterer, J. (1968). Sensing and communication between vehicles. London: Transportation Research Board.
Ruikar, M. (2013). National Statistics of Road Traffic Accidents in India. Journal of Orthopedics, Traumatology and Rehabilitation, 6(1), 1-6.
Sami, A., Najafi, A., Yamini, N., Moafian, G., Aghabeigi, M.R., Lankarani, K.B. & Heydari, S.T. (2013). Educational level and age as contributing factors to road traffic accidents. Chinese Journal of Traumatology, 16(5). 281-285.
Sen, O.N. (2018). Europe Countries and Regions. Retrieved from https://www.worldatlas.com/articles/the-four-european-regions-as-defined-by-the-united-nations-geoscheme-for-europe.html 
Storie, V.J. (1977). Male and Female Drivers: Differences Observed in Accidents. Transport and Road Research Laboratory Digest LR 761, London: UK.
United States Patent. (2008). Infrastructure-based collision warning using artificial intelligence.
Walker, L., Butland, D. & Connell, R.W. (2000). Boys on the Road: Masculinities, Car Culture, and Road Safety Education. The Journal of Men’s Studies, 8(2), 153-169.
World Health Organisation. (2013). Global status report on road safety 2013. Retrieved from https://www.who.int/violence_injury_prevention/road_safety_status/2013/en/ 
World Health Organisation. (2015). Global status report on road safety 2015. Retrieved from https://www.who.int/gho/road_safety/mortality/en/ 
Yusus, M.O. (2005). Information and communication technology and education: Analysing the Nigerian National policy for information technology. International Education Journal, 6(3), 316-321.
Zambon, F., Fedeli, U., Visentin, C., Marchesan, M. & Avossa, F. (2007). Evidence-based policy on road safety: the effect of the demerit point system on seat belt use and health outcome. Journal of Epidemiology & Community Health, 61, 877-881.







[bookmark: _Toc19052013]Appendix A

Table 4. The educational campaigns that aim to reduce traffic fatalities granted by the Centre for Road Safety.
	Towards Zero
	Saving lives on country roads

	Ride to live
	Don’t trust your tired self

	Plan B
	Get your hand off it

	40km/h around stopped emergency vehicles
	Road rules awareness week

	Look out before you step out
	Be bus aware

	Go together
	Be truck aware

	They’re counting on you
	Double demerits

	Slow down and give us space
	Stop it….Or cop it

	Clip every trip
	Don’t rush
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All variables with the corresponding sources.
1. Organization of Economic Cooperation and Development (OECD)
Purchasing Power Parity: https://data.oecd.org/conversion/purchasing-power-parities-ppp.htm 
2. Insurance Europe
Insurance: https://insuranceeurope.eu/insurancedata 
Under the heading: European Industry database; Motor insurance.
3. Eurostat
Traffic deaths: https://ec.europa.eu/eurostat/web/products-datasets/-/sdg_11_40 
Tertiary education: https://ec.europa.eu/eurostat/web/education-and-training/data/database 
Under the heading: Education and training outcomes; Population by educational attainment level.
Road Length: https://ec.europa.eu/eurostat/web/transport/data/database 
Under the heading: Road transport; Road transport infrastructure.
Passenger Transport: https://ec.europa.eu/eurostat/web/transport/data/database 
Under the heading: Multimodal data; Transport, volume and modal split.
GDP: https://ec.europa.eu/eurostat/web/national-accounts/data/database 
Under the heading: Annual national accounts; Main GDP aggregates.
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Table 5. All participating European counties merged in the data file.
	Austria
	Belgium
	Bulgaria
	Croatia
	Cyprus

	Czech Republic
	Denmark
	Estonia
	Finland
	France

	Germany
	Greece
	Hungary
	Iceland
	Ireland

	Italy
	Latvia
	Lithuania
	Luxembourg
	Malta

	Netherlands
	Norway
	Poland
	Portugal
	Romania

	Slovakia
	Slovenia
	Spain
	Sweden
	Switzerland

	United Kingdom
	
	
	
	




Table 6. All participating European countries with insurance as a proxy for driving behavior.
	Cyprus
	Czech Republic
	Denmark
	Finland
	France

	Greece
	Hungary
	Ireland
	Italy
	Malta

	Netherlands
	Norway
	Poland
	Portugal
	Slovenia

	Sweden
	United Kingdom
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Table 7. The subdivision of the European countries. 
	Eastern
	Southern
	Northern
	Western

	Bulgaria
	Portugal
	Denmark
	Belgium

	Czechia
	Greece
	Estonia
	Germany

	Hungary
	Spain
	Latvia
	France

	Poland
	Croatia
	Lithaunia
	Luxembourg

	Romania
	Italy
	Ireland
	Netherlands

	Slovenia
	Cyprus 
	Finland
	Austria

	Slovakia 
	Malta
	Sweden 
	Switzerland 

	
	
	UK 
	

	
	
	Iceland
	

	
	
	Normay
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