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Abstract: Taxis are an important component in Beijing’s urban integrated transport system. They provide passengers with convenient, comfortable and efficient service. However, aberrant driving behaviors occur frequently among Beijing taxi drivers, leading to frequent violations and passenger complaints. This study explores Beijing taxi drivers’ aberrant driving behaviors and the factors influencing them. Questionnaires were designed to obtain different views of taxi drivers’ aberrant driving behaviors from taxi drivers, traffic police and passengers and to sample problems in the Beijing taxi industry. Responses from 52 professional taxi drivers, 40 traffic police officers and more than 500 taxi passengers were obtained. The results show that taxi drivers generally underreport their own aberrant driving behaviors, while passengers and police appear to have a very negative impression of taxi drivers’ driving behaviors. Environmental influences such as economic pressure, ownership of taxi management, and the nature of the complaint system were found to contribute to taxi drivers’ aberrant driving behaviors. Some suggestions to increase the efficiency and safety of the taxi system in Beijing were proposed, such as improving drivers’ working and economic conditions, developing a better passenger loading system, establishing more effective license and termination policies for drivers, and improving the complaint system.
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1 Introduction

In recent years, along with social and economic development in urban areas, the number of motor vehicles has increased rapidly in China. By January 2012, the number of motor vehicles in Beijing exceeded 5.0 million. However, the increasing amount of traffic results in traffic jams and frequent crashes. Aberrant driver behaviors are very prevalent in urban areas due to the rapid increase in drivers and they are important factors in traffic crashes in China producing serious negative impacts on the rapid development of cities.
The taxi industry has developed rapidly because of the inconsistency of travel demands and insufficient supply of mass transit. Taxis have become one of the most important transport modes for Beijing residents and tourists due to their comfort and convenience. The number of taxis in Beijing is larger than many other cities in the world. Data shows that in 2010 there were 66,646 taxis and about 80,000 taxi drivers. Annual passenger volume was about 690 million person-rides, accounting for 11.6% of the annual passenger volume of urban public transport system, making it the third most used mode of public transportation next to public motorbus (76.5%) and urban rail transportation (i.e. metro/light rail, 11.9%) (Beijing Transportation Research Center, 2010). The taxi has become the major component of the integrated transport system in Beijing, and is playing an important role in people’s daily life, yet we know little about taxi drivers’ behavior or working conditions. Deng and Ou (2009) studied the working conditions of taxi drivers in Beijing finding that Beijing taxi drivers work an average of 11 hours per day, 27.8 days per month. In the complicated traffic environment in Beijing, the average speed of taxis is only 26.2 km/h and the average empty taxi rate is 37.8%, which is higher than the international empty taxi rate standard (25.0%). 
Despite the importance of taxis to China’s transportation infrastructure, severe crashes and violations caused by taxis occur frequently in urban areas. One reason for this is that qualifications for taxi drivers are rather loose. The provisions for taxi employees are relatively simple.  Driver training is not strict and is short in duration. In addition, in Beijing, taxi ownership almost always belongs to the taxi company, and the taxi drivers work for the company. Taxi drivers need to pay a high monthly rent for their taxi, but the income of taxi drivers is low relative to workload. Taxi drivers in Beijing have more violations and cause more traffic crashes than private drivers. According to the taxi industry’s special investigation, the data shows that 17,242 taxi violations happened in Beijing from November 19th to December 19th, 2003; accounting for 56% of the total number of vehicle violations, and 27% taxi drivers had accidents during this period (CPPCC Member Proposal, 2006). The data shows one fifth of taxi drivers have had collisions or traffic accidents each year, accounting for a large proportion of the total vehicle accidents. In recent years, the taxi traffic safety situation has become slightly better but it is still a serious problem. 
Recent research on taxi drivers’ behaviors has been carried out mainly outside of China and has focused on the characteristics and factors influencing crashes involving taxis. According to a study on taxi crashes in Canada (Maag, et al., 1997), taxi road traffic crashes account for 1.10% of the total traffic crashes and an average of 41%-50% taxis have traffic crashes each year. Study of taxi crashes in Australia (Stewart et al., 2005) also indicates that taxi violations may be the cause for the high crash rate, with the primary causes for crashes including running red lights, following too closely, inattention, unsafe lane changes, and passengers getting on or off at will.  Dalziel and Soames Job (1997) showed taxi-pedestrian collisions were the fifth ranked cause of all crashes in Australia, and were mainly due to taxis’ frequent activities in pedestrian areas while looking for passengers.  Exploration of the underlying behavioral causes of taxi crashes by Machin and De Souza (2004) found that 29.7% of the crashes were caused by unsafe driving behaviors.  The main factors contributing to unsafe driving behaviors were attitudes towards risky driving behaviors, the aggressive nature of some taxi drivers and the degree of safety emphasis by taxi management companies.
In China, taxi drivers often previously worked as farm laborers, tractor drivers, or laid-off workers with little to no experience as professional drivers and with little subsequent driver training and education.  There are also problems with a lack of industry regulation and taxi management experience. The work of Machin and De Souza (2004) suggests that these taxi industry issues may have serious negative impacts on taxi drivers’ aberrant driving behaviors.  In addition, Li (2010) points out aberrant driving behaviors may be influenced by personal factors (e.g. driver age, attitudes, driving skills, etc.) and environmental factors (e.g. climate, traffic patterns, etc.). Huang (2007) found that behaviors may be influenced by other environmental factors such as the natural environment (e.g. water, air, etc.) and the social environment (economic, political, educational, and cultural). 
To date there has been very little study of taxi drivers’ aberrant driving behaviors in China, and in growing cites like Beijing, in particular, despite the immense size of the safety problem. Further, there has been no analysis of the impressions of passengers or police toward taxis, which are two potentially important sources of information about taxi driver behaviors.  While previous work in other countries is informative, previous work has shown (Shi, et al., 2010, 2011) the traffic environment and driving characteristics in China are very different from other countries. The current work aimed to fill this gap in the literature by examining taxi driver aberrant driving behavior using a survey designed based on the Manchester Driver Behavior Questionnaire (DBQ) (Reason, et al., 1990) which has been translated into Chinese version by Shi et al. (2010) and used to study driver behavior. Typical aberrant behavior in Beijing determined by Shi et al. (2011) and other behaviors suggested in interviews with taxi drivers and police were included in the surveys of taxi drivers, traffic police and passengers, who were asked for their impressions of taxi driver behaviors.  In addition, data on economic, managerial and passenger complaint pressures on taxi driver behaviors were examined to better understand the nature of taxi driver behaviors to help form an appropriate basis for strategies of regulation for the urban taxi industry, with the goal of improving traffic safety.
2 Method
2.1 Surveys of taxi drivers’ aberrant driving behaviors in Beijing

In this study, questionnaires were designed to investigate the different views of taxi drivers, traffic police and passengers on taxi drivers’ aberrant driving behaviors in Beijing. The results of a survey on motor vehicle drivers’ aberrant driving behaviors in Beijing (Shi et al., 2010) revealed several types of aberrant driving behaviors that are very typical in the city of Beijing such as overtaking on the right side, warning leading cars to drive faster, failing to give way to cyclists, and failing to attend to right-of-way signs. Questions were also designed based on other studies (Reason et al., 1990; Xie & Parker, 2002; Shi et al., 2010, 2011), expert opinion, and interviews with taxi drivers and traffic police. Drivers, traffic police, and passengers were surveyed to examine relative differences in impressions of taxi driver behavior. The survey also included questions about taxi drivers’ health, well-being, and professional standing which were sent to the drivers only. Questions regarding the complaint system in Beijing and the necessity for stricter industry regulations were delivered to traffic police and passengers. 
2.2 Participants
Surveys were carried out from March to May, 2010. Paper surveys were used for taxi drivers and traffic police. Taxi driver questionnaires were sent to drivers selected at random from a local taxi company, while police questionnaires were delivered to traffic police selected at random from a local police office during company time. Investigators explained the questionnaire face to face to participants, and participants were asked to finish the questionnaire at the site. Small gifts were provided to the participants.  55 taxi drivers and 40 police officers were invited to take the survey and 52 and 40 questionnaires were returned, respectively.  An internet survey was used to collect survey data of taxi passengers similar to Shi et al. (2010). A link to a survey entitled “Survey of taxi drivers’ aberrant driving behaviors in Beijing” was published on the homepage of http://auto.sohu.com, one of the most popular automobile-themed websites in China. The participants were restricted to taxi passengers. The utilization rate of Beijing taxi is very high, accounting for 11.6% of the annual passenger volume of urban public transport system. The great majority of respondents were office workers. Office workers have higher incomes relative to the general population so they account for a high proportion of taxi users. As the internet now becomes more popular in China, especially in big cities like Beijing, the results of online surveys more closely match the general population characteristics.  In another study conducted using a similar method (Shi, et al., 2010), the proportion of office workers was about 59%. The age range was from 18 to 65 years with the age range from 26 to 30 years accounting for 39% of the data. The study examined the driving behavior of motor vehicle drivers in Beijing using both paper and internet surveys.  There was good consistency between both methods, suggesting internet administration remains an accurate tool for measure driver attitudes and behaviors in Beijing. 

Though we took care to try to ensure the survey sample matched the demographics of the general taxi-using populace, there are two points to consider.  First, demographic data of Beijing taxi users is currently unknown so future research will need to be conducted to determine the characteristics of this group.  Second, we propose that office workers make up the majority of taxi passengers, but there are no data on the similarities of differences between office worker attitudes toward taxis and attitudes of other groups.  Future research should address both of these questions.
Gifts were provided for the participants in a random drawing to attract more taxi users to participate. The survey was anonymous to encourage honest responses. 552 responses were collected in 11 days. All questions were rated on a 5-point Likert scale where 1 referred to “totally disagree” and 5 refers to “totally agree”. The questions in the survey focused on the frequency of taxi drivers’ aberrant driving behaviors, taxi drivers’ working conditions, living status, existing industry regulations, and attitudes about driving.
2.3 Survey data processing procedure
Paper surveys were used for taxi drivers and traffic police because they are not online frequently and are not easy assessed with an internet survey. For these surveys, cases in which most questions were blank and any duplicate cases were identified and removed. However, no surveys were removed due to these criteria, resulting in surveys from 52 taxi drivers and 40 traffic police officers.
3 Results
3.1 Taxi drivers’ aberrant driving behaviors in Beijing
To examine the differences in perception of aberrant behaviors, questions focused on six different behaviors (driving while fatigued, stopping inappropriately, speeding, engaging in scrambling behaviors, using a telephone while driving and violating red lights) for each of the three groups surveyed.  The percentage in each group endorsing “always” or “often” for each category is shown in Table 1. To determine if the taxi drivers underestimate their own aberrant driving behaviors, we compared their ratings to the ratings of police and passengers.  The average ratings on the five-point scale (where 1 is “never” and 5 is “always”) for the behaviors are listed in Table 2.  The ratings of taxi drivers and others were compared using t-tests. In order to control cumulative error probability when comparing the taxi drivers and others across the six questions, a Bonferroni correction was used to adjust the alpha level of .05 to .05/number of tests, resulting in an adjusted alpha level of 0.0083.
The perception of traffic police and passengers for taxi drivers’ aberrant driving behaviors are very different from those reported by the taxi drivers themselves. Taxi drivers generally underreport their own aberrant driving behaviors. Taxi drivers underestimate their own frequency of scrambling (t(645) = 10.98, p<.0083), speeding (t(645) = 4.81, p<.0083), driving and telephone use (t(645) = 11.26, p<.0083), and red light violations (t(645) = 5.48, p<.0083). The exceptions are fatigued driving (t(645) = 1.89, n.s.), which the taxi drivers themselves know they are engaged in, but that might not be readily apparent to others, and stopping violations (t(645) = 1.21, n.s.), which passengers might not consider problematic since such behaviors benefit them. On average, passengers and police appear to have a very negative impression of the degree to which taxi drivers drive lawfully and safety. Confirmation of this general finding was found in responses to the question “Taxi drivers have more scrambling behaviors, speeding driving behaviors and violations of taxi stopping than non-professional drivers”. More than 70% of traffic police and passengers “totally agree” or “fairly agree” with the statement.
3.2 Environmental factors influencing taxi drivers’ aberrant driving behaviors
Some factors influencing other drivers’ aberrant driving behaviors such as drivers’ individual characters, attitudes, driving skills would also influence taxi drivers (Shi, et al., 2010, 2011). However, taxi drivers are professionals and their driving behaviors are greatly impacted by existing industry regulations. There are problems with existing industry regulations that may partially account for taxi drivers’ aberrant driving behaviors. Data from the survey assessing pressures on taxi drivers that may contribute to their driving behaviors are described below. These data are summarized in Table 3.
A summary portrait of the taxi drivers surveyed are as follows: a) total expenses (monthly rent, management fee for the taxi companies, fuel cost, and other various expenses) are about 6,000 Yuan per vehicle per month and an average net income is 2,500 Yuan per month, b) Most work 8-10 hours a day (90%) and view the job as unhealthy and leaving them with less time for their family (70%), c) Most work for a taxi company (88%) and many view management fees as too high (55%) but many hope to own their taxi (69%). 
3.2.1  Economic pressure
Participants in the driver survey stated that the total expenses they have are up to about 6,000 Yuan per vehicle per month, including the monthly rent, management fee for the taxi company, fuel cost, and other various expenses. Their average net income is around 2,500 Yuan per month (about US$400), which is not high in a costly city like Beijing. Ninety percent of taxi drivers work more than 8 hours per day, and even up to 10 hours per day. If the drivers want to earn additional money, they must work overtime, with 68% of taxi drivers agreeing with the statement “If you want to earn more money, the only effective way is to work longer hours.” These data help explain the large number (55%) of drivers who report driving while fatigued.  It also helps explain why so many of those surveyed in the three groups report that taxi drivers stop inappropriately (an average of 33.2% across the three groups), because the drivers do not want to miss business and are willing to risk penalization and safety to accommodate a passenger.  Taxi drivers recognize that their job has negative consequences, with 70% of the drivers agreeing with the statements “Taxi drivers are unhealthy due to their job” and “Taxi drivers work long hours, and I would like to spend more time with my family.”  This economic pressure is obvious to police and passengers as well.  More than half of traffic police and taxi passengers surveyed agreed with the statement “Taxi drivers just want to earn money, not showing care about driving skills and service quality”.
3.2.2 Taxi ownership
Taxi drivers generally work for taxi companies (88% report “Working for the company”) where the ownership of the taxis belongs to the company and the drivers must pay rent and management fee to the company monthly. Fifty-five percent of drivers “totally agree” or “fairly agree” with the statement “The management fee of the company is too high, the company does not provide adequate management and welfare guarantees.” This means that taxi drivers may perceive their investment in the safety of the taxi itself to be low, contributing to more risky driving behaviors.  It is worth mentioning that 69% of drivers fully agree with the statement “I hope to obtain taxi ownership and management rights, no longer subject to corporate control”.  One aspect of future work is to examine differences in risky driving behaviors between driver-owners and driver-employees.
3.2.3 Complaint system

In many countries, cities have numerous complaint systems in place to identify drivers and allow passengers to report problem behaviors to authorities. In Beijing, taxi passengers have the right to report taxi drivers’ poor service, aberrant driving behaviors, or that the taxi drivers are operating in violation of their legitimate rights and interests, to the taxi companies or a traffic administrative department. Taxi drivers surveyed here reported a small number of complaints (6%). More than half (62%) of the drivers agree with the statement “Receiving complaints from passengers is more troublesome than points of penalization by traffic police”, indicating that punishment from the taxi company for receiving complaints is perceived as worse than punishment for aberrant driving. 

Currently, for a passenger to complain about quality, service problems or taxi driving violations in Beijing, they need to provide a written request, taxi charge vouchers, vehicle number-plate or other evidence to the taxi company or traffic administration within 30 days of the incident. The complaint system is complicated and not convenient for passengers. The results of the survey for passengers show that 80% of the passengers have considered complaining about the driving behavior of their taxi driver, but only 13% of the passengers have ever formally complained. The remaining 67% of the passengers gave up due to the complicated complaint process. Fifty-one percent of passengers indicate that the complaint system is not convenient. Contrary to the perception of taxi drivers about the seriousness of complaints, 42% of the passengers perceive that the complaint would have no effect on driver behavior.  However, a similar percentage of passengers involved in the survey indicated that the improvement of complaint system is the most effective measure to reduce taxi drivers’ aberrant driving behaviors.
4 Practical implications
Results of the survey suggest areas that may be improved to increase the efficiency and safety of the taxi system in Beijing.  Some practical implications are presented below.

1)  Improving drivers’ working and economic conditions

One common theme from the taxi drivers surveyed was a feeling of economic pressure that may lead them to engage in unsafe practices such as driving while fatigued and stopping inappropriately to pick up or drop of a passenger.  Changing the current industry regulations in Beijing and increasing the professionalism of the taxi driver trade may help reduce some of these effects. Possible solutions include improving the contract system, developing salary regulations, improving relationships with management, development of taxi trade unions to improve driver negotiating power, improving medical insurance and drivers’ security, and limiting the drivers’ maximum working hours per day. While many drivers feel the management fees for their taxis are too high, most would like to eventually own their own taxis, so improving the regulations that lead to ownership of the driver’s taxi might make the driver feel more invested in their current vehicle and thus less likely to take risks to damage it because it may one day be their own.  
2)  Development of a better passenger loading system
Inappropriate stopping to pick up and drop off passengers was a common complaint among police.  Stewart et al. (2005) indicates that “passengers getting on or off at will” is the primary causes for crashes in Australia. This practice is particularly dangerous because these events lead to dangerous interactions between vehicles and vulnerable pedestrians.  In addition, it penalizes taxis that are willing to obey the rules while rewarding taxis that engage in illegal and dangerous traffic practices. One suggestion helping with this is the development of fixed-point waiting locations for taxis paired with calling points for pedestrians to hail taxis. This would also help to reduce traffic conflict because of "passengers getting on or off at will" and reduce the percentage of empty taxis on streets.  In 2006 the average empty taxi rate in Beijing was between 35% and 45% (Yang, 2007). Reducing the empty taxi ratio while not increasing the difficulty for passengers calling for a taxi could improve operational efficiency, save drivers’ time and fuel costs and reduce miles driven. It could also decrease the road space which empty taxis occupy, reduce traffic congestion in Beijing and improve air quality. 
3) Establishing better qualification and termination mechanisms for drivers and taxi companies
One of the most substantial barriers to safe practice is the fact that taxi drivers are generally not professional drivers at the time they begin driving taxis. Even those with driving experience are often unfamiliar with road conditions in a large city, instead gaining experience in rural settings. The qualification procedures for taxi employees are relatively simple in Beijing.  Anyone that has a driver’s license for more than three years and has no serious recorded driving violations is qualified to apply to drive a taxi. Driver training and education includes courses on traffic laws, comprehensive knowledge of driving, and practice driving. Training and education last about one month, but are not particularly strict. As long as students pass all of the exams, they can obtain taxi driving qualification. Standards for admittance qualification for taxi companies/drivers need to be improved, including background checks of driving history (violations), familiarity for driving in urban conditions, and previous work history. Improving driver training and safety assessments for taxi drivers would also help improve safety. These basic checks and standards are currently not in place, leaving the opportunity for under-qualified or known poor drivers to drive taxis in dangerous urban areas like Beijing.  
4)  Improving the complaint system

Taxi drivers report a very small complaint rate, in part because they view complaints as possibly detrimental to their continued employment.  Passengers have a mixed view of complaints.  They frequently consider complaining, but they see complaints as too difficult to make.  The system could be improved in two ways.  First, it needs to be made standard across all taxis and it needs to be simple.  As in other major cities around the world, passengers should be able to easily identify the driver, and be able to call a single number to lodge a complaint.  Second, the complaints themselves should go to an organization that is not part of taxi management.  The system should not rely on each taxi company to track and handle complaints, but it should gather data for the worst drivers and use those data in the taxi driver licensing procedure.   

5 Summary and Conclusion
The results of this study show that passengers and police appear to have a very negative impression of the degree to which taxi drivers drive lawfully and safety. Taxi drivers underreport their own aberrant driving behaviors.  The exception is fatigued driving, which the taxi drivers themselves know they are engaged in but which passengers or police may not recognize. Taxi drivers underestimate their aberrant driving behaviors, and their frequent aberrant driving behaviors may be related to negative attitudes toward driving (Shi, et al., 2011).
  
Multiple problems hinder the efficient operation of the taxi industry and reduce road safety.  Factors such as poor training, economic pressure, ownership of taxi management, and the nature of the complaint system all have an influence on taxi drivers’ aberrant driving behaviors.  Improving all of these will promote the level of professionalism of taxi drivers.  In addition, better financial incentives for good driving by well-trained drivers should be encouraged as a positive method for increasing professionalism. 
Taxi drivers in Beijing have more violations and cause more traffic crashes than in other countries, yet there has been very little study of their aberrant driving behaviors. The current study suggests that passengers and police view these problem behaviors as common occurrences.  Further study of taxi driver behavior urgently needs to be carried out, especially to understand taxi drivers’ behavior and influential personal or psychological factors. Factors such as the impact of improving traffic environments and enforcement, industry regulations, and driver attitudes need to be examined in more detail, given the current study shows that taxi drivers feel pressures to earn money outweigh best safety practice. 
More research is also needed on taxi driver training and policy decisions in the taxi industry. We also do not know much about an important part of this problem: the passenger. Because driver behaviors are in large part a function of the desires of their passengers, work needs to be carried out to understand who is taking taxis (such as understanding the proportion of office workers versus other passengers), why they choose to take taxis or choose other modes of transportation, and how passenger behaviors and attitudes affect drivers’ behaviors. The taxi will continue to be an important mode of transport in urban China, but one that offers risks as well as benefits. Further work to reduce the risks and enhance the benefits will be important for China’s culture of road safety. 
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