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Abstract

:

Excessive dependence on autonomous vehicles (AVs) may exacerbate traffic congestion and increase exhaust emissions in the future. The diffusion of AVs may be significantly affected by the public’s acceptance. A few factors that may affect people’s acceptance of AVs have been researched in the existing studies, one-third of which cited behavioral theories, while the rest did not. A total of seven factors with behavior theories are screened out that significantly affect the acceptance intention, including perceived ease of use, attitude, social norm, trust, perceived usefulness, perceived risk, and compatibility. Six factors without behavior theories are summed up that affect AV acceptance, namely safety, performance-to-price value, mobility, value of travel time, symbolic value, and environmentally friendly. We found that people in Europe and Asia have substantial differences in attitudes toward AVs and that safety is one of the most concerned factors of AVs by scholars and respondents. Public acceptance of the different types of AVs and consumers’ dynamic preferences for AVs are highlighted in the review too. The quality of literature is systematically assessed based on previously established instruments and tailored for the current review. The results of the assessment show potential opportunities for future research, such as the citation of behavior theories and access to longitudinal data. Additionally, the experimental methods and the utilization of mathematical and theoretical methods could be optimized.
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1. Introduction


Sustainable transport is being promoted in many cities around the world to reduce environmental pollution, advocate social equity, improve happiness of residents, etc. However, the advent of autonomous driving technology is suspected by some scholars that it may disrupt this situation [1,2,3].



Nowadays, many cities are developing towards sustainability and intelligence. With the rapid development of the Internet of Things, cloud computing, new generation mobile bandwidth network and other technologies, the smart city system is gradually being formed. Smart cities foster an intelligent transportation environment which make it possible for the advent of autonomous vehicles (AVs), since autonomous driving has stringent demand for advanced technologies such as low latency network, cloud data services, high-sensitivity sensors [4,5], etc.



In the future, the transportation system may be more efficient and safer due to the emergence of new modes of travel, such as autonomous ridesharing, autonomous buses, autonomous shuttles [6,7], etc. AVs can obtain road warning and traffic information in real time through the V2X technology, which improves driving safety [8]. The V2X also enables in-car online entertainment, which gives passengers a comfortable trip [4]. The comfort of AVs may also be favored by those who commute by private cars, as it allows drivers to relax or work on the way. Some commuters may prefer to live in pleasant suburbs rather than urban areas, which may lead to changes in the structure of urban land [9,10]. AVs are also predicted to ease parking scarcity in the city center [10,11]. With the informatization and intelligence of transportation, autonomous driving may become a promoter of the construction of smart cities.



AVs are invented to drive without manual operation. Passenger travel experience may be improved in many ways, including leisure or productive activities [12], improving the mobility of unlicensed people [13], reducing traffic accidents [11], etc. However, every coin has two sides. Autonomous technology is also predicted to have some drawbacks, such as the aggravation of road congestion in the case of extra empty driving, the increase of energy consumption and greenhouse gas emissions due to increased mileage, the risk of being hacked, and so forth [5,14]. In a word, while AVs bring convenience to travelers, some negative traffic problems may also be caused due to excessive dependence. It has been unknown so far whether people will accept and use AVs heavily in the future.



The advantages and disadvantages of autonomous technology are coexisting, and it is rapidly developed. The advantages may be enhanced, and the disadvantages may be weakened in the process of AV development. The process of innovations diffusion may not always be smooth. Most technology acceptance studies suggest that new inventions are “good” and people should accept them for granted, which may be a prejudice [15,16]. The public may even resist innovations to keep them out of their minds. Some people may not accept AVs from their perspective, such as those who are driving for fun [6]. Moreover, some consumers would be motivated by status or trendiness rather than the intrinsic value of autonomous technology [17]. In other words, innovations seem to encounter certain kinds of people’s psychological obstacles in the diffusion process. Psychological obstacles come from the subversion of innovations to the stereotypes or perceived product image of individuals [18]. Many significant innovations fail to satisfy user requirements and get abandoned before their launch into the market [19].



Hence, quite a few scholars researched AV acceptance in recent years, which can provide necessary suggestions for technology developers and city managers, so that the autonomous technology can maximize the benefits of travelers and urban traffic. Two reviews of previous AV acceptance studies have been published. Becker and Axhausen [20] compared survey methods used in existing AV acceptance studies and discussed the heterogeneity of AV preference among different groups of people in their review. Gkartzonikas and Gkritza [21] reviewed the impact of population heterogeneity on AV acceptance, the differences in AV acceptance among a few study objectives, and different components that affect AV acceptance. However, to the best of our knowledge, few researchers have given a systematic review of psychological factors that affect the acceptance of AVs. Actually, different psychological factors are integrated by behavior theories to explain the acceptance of AVs in some existing papers. Studies without behavioral theories also take a few psychological factors as variables of the survey. Whether the utilization of behavior theories can better explain the acceptance of AVs has also not been discussed so far as we know.



This review aims to give a systematical review of the factors that affect the acceptance of AVs and compare the differences between studies that cite behavior theories and uncited behavior theories. Moreover, autonomous technology is still under development and cannot be determined for its future utilities. The tastes of consumers would also change over time [22]. People may have dynamic preferences for AVs, which is discussed in the review. Moreover, preferences for different autonomous products (such as autonomous bus and shared AVs) are also compared in the review.



We conducted a quality assessment of the collected literature. The weaknesses of literature are also discussed, and potential opportunities for further research were pointed out. Specifically, we aim to (1) contrast the impacts of psychological factors on AV acceptance in papers that utilize behavior theories, (2) compare the factors that affect AV acceptance in papers without behavior theories, (3) evaluate the level of theoretical and mathematical models used in studies, (4) compare papers with and without behavior theories, (5) assess the methodological quality of empirical studies.




2. Methodology


2.1. Subsection


The papers we arranged are from six databases following the PRISMA [23] guidelines: Science Direct, Web of Science, Academic Search Complete, TRID, Eric, and Cambridge Journals Online. They are all comprehensive and authoritative as well as well-known in the academic circles worldwide, which contain engineering, statistics, computer science, and transportation et al. We divide search words into two categories: (1) acceptance, willingness, adoption, preferences; (2) autonomous vehicle, automated vehicles, self-driving. Then, arranging each word in the first part and the second one in pairs to search and collect relevant literature as more as possible.




2.2. Inclusion and Exclusion Criteria


In order to be eligible for inclusion in the review, studies had to: (1) be published in a peer-reviewed English journal; (2) the study subjects must include, but are not limited to, at least one of the AVs, autonomous bus, autonomous shuttle and shared autonomous vehicles; (3) have at least one variable or attributes associated with AV acceptance; (4) present empirical studies; and (5) have at least one variable related to AVs as the dependent variable. The last search was made in February 2020, and we restricted the search to all literature published before that date. The oldest literature we found was published in May 2014 [24].




2.3. Data Extraction


Using the matrix method [25] to obtain a standardized data extraction table from the papers of the review. The information extracted from each of the literature reviewed includes study characteristics (study site, study design, study area, study duration, author), participant attributes (e.g., sample size, the nationality of respondents), theoretical framework or analysis methods, and main finds. In order to ensure the reliability of data extraction, the data in the 75 papers was first extracted by the first author. Then another researcher with research methods training experiences did the same job alone. Finally, the lists of data extraction results of them were compared and found that about 90% of the extracted data are coincident, which indicates the high interrater reliability in the data extraction process.




2.4. Quality assessment


The quality of literature included in this review was systematically assessed using a modified checklist, combining the methodological quality scale (MQS) and the theory utilization quality scale (TQS) in the review [23,26]. Three facets are contented in the checklist: (1) assessing data collecting methodological quality; (2) assessing theory utilization; (3) assessing methods utilization. The assignment range of data collecting method is 1–3 points, because the experimental methods and data categories are divided into three levels in the study. Theory utilization and processing methods are divided into binary evaluation levels to evaluate whether a research used a certain method.



To appraise the data collecting methodological quality at length, we modified the checklist and divided it into three items: research design, reasonable data acquisition path and reasonable choice of sample size. The study design comprises case-control study, longitudinal study, and cross-sectional study. The requirement to get three points is that the case-control method is used to study the effect of one variable on the experiment results, such as the intention difference between the respondents who experienced the AV simulator and those who did not. The reason for scoring is that influencing factors can be more intuitively reflected through case-control study [27]. The longitudinal data can reflect the change process of respondents, but the experiment may also be affected by the instability of the test group, so it is assigned two points. Cross-sectional study has a score of one, as this is a kind of relatively basic research method. The criteria of data acquisition paths are divided into three levels too. The real autonomous driving test allows respondents to experience the AVs directly, which can predict behavior intention more accurately than a single questionnaire. Therefore, the real AV experience is assigned three points, the autonomous driving simulator experience is assigned two points, and the questionnaire is assigned one point. The scoring mothed of the data acquisition path is similar to research design. The number of participants determines whether the survey is representative and scientific, so adequate sample size selection was listed as an indispensability indicator in the checklist. Innovation acceptance estimate models provide robust frameworks to understand the influence of multiple factors on adoption behavior under volitional control, allowing scholars to estimate individuals’ acceptance intention of AVs relatively accurately [28,29]. As a result, the utilization of behavior theories or relative theory frameworks is regarded as a scoring criterion in the review. It is the basis of research to allow respondents to understand the characteristics of AVs and collect their opinions accurately, so this is also included in the evaluation indicators. Finally, to analyze the data with the appropriate mathematical methods to make the results more convincing. Three scientific processing are included.



All papers were evaluated on eight criteria listed in Table 1. The possible range of evaluation scores was 3 to 14, with a higher number indicating better quality.





3. Results


The search and filter process is shown in Figure 1. After deleting the duplicate records, a total of 7947 unique records were found from the six databases and additional manual search. After screening titles and abstracts, 303 literatures were extracted for further evaluation. Additionally, 230 papers were excluded because their subjects were not relevant to acceptance, or not specifically for AV acceptance, or full-text is not available, or not based on empirical study. The reference lists of reviews excluded were reviewed, and potential papers were identified. Finally, 75 papers were accepted.



3.1. Features of Reviewed Studies


Table 2 shows the necessary information of 75 papers, including the author of each article, data acquisition, sample size, and analytical method. All research data was obtained in the five years from 2013 to 2019, except for literature that did not indicate the time of the survey. Most studies have a sample size of more than 300, and a small number of studies with a sample size of less than 100 are based on experiments, such as [30]. The studies on AV acceptance have been slowly increasing from 2014 to 2019, and the number of surveys per year is 3, 2, 7, 11, 19 and 33.




3.2. Factors Accounting for AV Acceptance in Studies with Behavior Theories


Seven behavior theories were utilized in the papers we found, namely: the Technology Acceptance Model (TAM) [95], Theory of Planned Behavior (TPB) [96], Diffusion of Innovations Model (DIM) [97], Unified Theory of Acceptance and Use of Technology (UTAUT) [98], Theory of Reasoned Action (TRA) [99], Socio-ecological Model (SEM) [100], and Causal Model [101]. TPB and TRA provide a recognized theoretical basis for consumer behavior intention researches, especially in the prediction of people’s volitional behaviors, such as innovation acceptance. TAM and DIM are used in the study of acceptance intention across a wide range of information technologies [102,103]. TAM was derived from TPB and TRA, and it has been utilized broadly to study the acceptance behavior of vehicle technologies [104,105]. Moreover, Mortenson and Vidgen found more than 3000 publications citing TAM in their research as of 2015. These may be the reasons why TAM is frequently applied in AV acceptance studies. UTAUT was developed after empirically summarizing previous acceptance models [98]. UTAUT emphatically focuses on discovering the factors affecting the individuals’ acceptance intention, while SEM attempts to capture the interrelationships between individuals and their external environments [28,56]. Similarly, the causal model also involves the influence of social environment on behavior intention. Figure 2 shows the frequency of use of theories in the 75 papers.



Figure 3 shows the number of papers that cited factors in behavior theories and the significance of psychological factors on AV acceptance intention. The significance is divided into four levels according to the p-value.



3.2.1. Perceived Ease of Use


Perceived ease of use is one of the variables in the TAM, which can be defined as “to what degree people believe that using a particular system or technology could be free from physical and mental effort” [95]. Autonomous driving is a significant technical renovation of the automobile with an entirely different human-computer interaction mode from traditional ones, which may create some challenges for people to operate it in the future. A total of eleven were found in the literature we collected that have discussed it. Five of them reported that perceived ease of use is a direct predictor of acceptance intention [28,52,61,62,65]. More than that, Xu et al. [62] found that perceived ease of use has a great deal more effect on acceptance intention after the AV riding experience of respondents in the testing ground. Additionally, AJT [36] concluded that perceived ease of use indirectly affects acceptance intention through perceived usefulness and attitude. However, in an online survey of south Korean drivers, Choi et al. [33] got different conclusions. He concluded that respondents believed it is not hard to interact with AVs since they are familiar with the car. This may be because the respondents are all skilled drivers. Similarly, Zhang et al. [70] found that perceived ease of use is not a strong predictor of trust. This may be due to the fact that people have no experience riding AVs and it is difficult for them to estimate whether they have the ability to handle it, he explained. This speculation is consistent with Xu et al. [62]. In summary, people’s acceptance of AVs is probably to be affected by the difficulty of self-assessment of their use of AVs, it varies from person to person.




3.2.2. Attitude


Attitude can be defined as a psychological tendency that refers to the degree to which an individual likes and dislikes a particular entity [106]. Attitude regarded as a mediator of regulating belief and intention exists in both TPB and TAM [102]. Furthermore, Rogers [97] summarized that adoption decisions are determined by the overall attitude of potential users to innovations. Thus, the attitude has attracted particular attention from the studies of AV acceptance and has been certified to have a strong influence on people’s acceptance of the AVs [6,24,36,45,50,57,68]. Overall, respondents expressed a positive attitude towards AVs in literature. Especially in the research of AJT [36], he found that attitude is the most substantial predicting factor of people’s intention to drive AVs in their prediction model.



Moreover, Shuchisnigdha et al. [45] reported in their research that male has a more positive attitude than female. However, the following two conclusions are the opposite. Liu et al. [68] found that the positive attitude of young respondents toward AVs is stronger than that of the elderly, whereas the work of Hartwich et al. [47] revealed that elderly people have a strong positive attitude toward AVs. The former explained that elderly people are less willing to take risks than young people and do not think AVs will bring them benefits. In contrast, the latter explained that elderly people are more likely than younger ones to use assistive devices to compensate for their old age. The following two reasons may cause the distinction in attitude between the two of them. On the one hand, the driver’s license holding rate of elderly Chinese people is lower than that of developed countries, and most of them prefer to travel by bus or on foot rather than by private car [107]. Therefore, they have relatively little experience in driving and have a poor understanding of driver assistance systems. On the other hand, Liu et al. [68] conducted a questionnaire survey directly on the respondents in the study, while Hartwich et al. [47] invited the respondents to ride a driving simulator before the survey. The driving simulator allows respondents to experience the autonomous system more intuitively than the SP survey, which may be another reason why elderly Germans have a more positive attitude toward AVs in the study of Hartwich et al. [47].




3.2.3. Social Norm


Social norm is a key variable in the TPB, which can be defined as the person’s perception that other important influencers believe that he should or should not accept an innovation [99]. It is also named subjective norm [52] or social influence [51] in a few studies. When a certain kind of innovation is widely consumed, the impact of social norm on purchase intention can be stronger than that of the innovation that is being privately consumed [108]. Therefore, the acceptance of the emerging AVs is also likely to be affected by social norms, which attracts the attention of many scholars. A total of nine studies focused on the influence of social norms on intention are in the collected literature. Five of them reported that behavior intention is directly predicted by social norm [21,23,39,55,61].



Similarly, Acheampong and Cugurullo [28] founded that the adoption of AVs is indirectly affected by social norm through perceived ease of use and perceived benefits. Meaning that social norm as an antecedent affects people’s assessment of how easy it is to use AV and how useful AV is. The acceptance of AVs is directly affected by perceived ease of use and perceived benefits. Although Gkartzonikas and Gkritza [21] argued that social norm is a predictor of purchase intention, they did not explore the effect of social norm on other variables. Contrarily, a pair of opposite conclusions were founded. AJT [36] indicated that social norm has little effect on intention. He argued that it is difficult for respondents to abstractly imagine whether their behavior intention will be affected by others because AVs have not yet come into the market entirely, and they have less knowledge about that.




3.2.4. Trust


Trust appears in the Automation Acceptance Model, which is regarded as a key factor affecting human-computer interaction [109,110]. Trust was not valued in the early acceptance models. However, with the continuous development of computer and the popularization of robotics, trust in automation technologies has received more and more attention. [111]. We also found that it was introduced into AV acceptance studies. It was surveyed in ten papers we collected. Five of them reported that trust is a strong or strongest predictor of adoption intention [33,52,61,62,70], and that it was proved to directly or indirectly affect the intention. Specifically, trust not only directly predicts intention, but also indirectly affects it through perceived usefulness, perceived ease of use or perceived safety [52,61,62]. Similarly, Panagiotopoulos et al. [61] found that there is a significant correlation between trust and social influence. People with strong trust in AVs are less susceptible to social norm than low trustors. The correlation between trust and other external variables is nothing new [111], and the above discoveries prove this. Moreover, two groups reported in their studies that elderly have stronger trust in AVs than young [30,68,69], whereas Bansal et al. [12] got the opposite conclusion. Bansal et al. [12] added that the elderly are less willing to pay for AVs because of their low trust. It seems that the variety of trust among different age groups depends on the heterogeneity of samples. Therefore, trust in AVs may be an assessment of whether it is worth relying on, and this assessment will be influenced by the effectiveness and security of AVs, or by others.




3.2.5. Perceived Usefulness


Perceived usefulness is another antecedent of intention in the TAM, which can be defined as “the degree to which a person believes that using a particular system would enhance his or her job performance” [95]. The usefulness of autonomous driving can be achieved in the following ways. AVs allow users to travel by private car alone when they cannot drive. AVs can also obtain real-time road information through V2X so as to broaden their perception ability, which contributes to a smooth and safe travel [4]. Moreover, people may also carry out various activities such as online office and entertainment in AVs in the future [4]. The AV acceptance is intensely predicted by perceived usefulness, which was reflected in all the literature we have collected that studied perceived usefulness, with a total of ten studies. Two of them concluded that perceived usefulness is the strongest predictor in all psychological variables of their conceptual models [36,61], which shows that people maybe pay close attention to how much they can benefit from AVs. Similarly, Choi et al. [33] reported in their research that people may be more concerned about the usefulness of AVs than the ease of use. The finding of Choi et al. [33] may not be sufficient to prove that the predictive power of perceived usefulness for AV acceptance intention is stronger than that of perceived ease of use. The difference may be caused by the limitations of the SP survey, which has been explained in the previous paragraph.



Moreover, both perceived ease of use and perceived usefulness are essential external variables in the TAM and, they appear in pairs in all five founded papers. The evidence conforms to the trade-offs of decision-makers on costs and benefits [112]. Learning to operate AVs can be regarded as a kind of cost, while usefulness can be regarded as a kind of benefit. Respondents are allowed to self-assess two variables at the same time, which may be an accurate way to predict their intention. Therefore, respondents’ imagination of the question items corresponding to the two variables could be kept at the same level as possible in future research. AV experience may be one of the relatively intuitive research methods. Moreover, perceived usefulness and performance expectancy seem to be similar. Performance expectancy, one of the external variables of UTAUT, is defined as the extent to which a user believes that technology can bring her or his job performance [98]. To some extent, both two have the meaning of bringing benefits to users. The similarities and differences between the influence of perceived usefulness and performance expectancy on the acceptance intention can be compared in future research.




3.2.6. Perceived Risk


Perceived risk appears in the Causal Model [101], which has long been regarded as the main factor that reduces diffusion rates of innovations [18,97]. The risks of AVs include system reliability, data leakage, security related issues, and so forth. The risk of system reliability mainly refers to the reliability of the autonomous system. The technical level of autonomous driving is constantly improved through continuous development and testing. Technologies such as LTE-V2X and C-V2X communications are gradually maturing [113,114,115]. Especially after 5G communication enters the commercial stage, the perception of autonomous driving will be greatly improved [116,117]. However, with the improvement of technical level, the market requirement for the technical stability and reliability of autonomous driving is also continuously increasing. Data security refers to the misuse of personal information in the interactive process of the network of AVs. The leakage of private information may result in financial loss or security damage. It is not surprising that the risk of AVs has attracted public attention since it is unknown. The significance of perceived risk on acceptance intention was surveyed in a total of seven literatures we collected. Two of them reported that perceived risk is a strong direct predictor of acceptance intention and, perceived risk has a strong negative impact on intention [37,69]. In other words, people’s willingness to accept AVs declines with the increase of perceived risk. Similarly, it predicted to have indirect effect on acceptance intention through attitude [36].



Of interesting finding here was a pair of complementary conclusions followed. Perceived risk has a strong effect on trust [70]. In turn, trust negatively affects perceived risk [33]. These findings could be explained in that the more people that perceive the risk of AVs, the less they trust it, and the more they trust the AVs, the lower the perceived risk. Hence, perceived risk and trust seem to be strongly correlated. However, Liu et al. [67] found that the effect of perceived risk on acceptance is not so strong. People tend to tolerate a certain amount of risk for specified benefits, they explained. This may also be due to respondents’ insufficient knowledge about the risk of AVs. Additionally, Liu et al. [68] reported in another research that the perceived risk of the elderly is stronger than that of the young because risk tolerance varies with age. Moreover, in the research of passengers and pedestrians, passengers have a higher perceived risk of autonomous driving than human driving, while pedestrians have a lower perceived risk of autonomous driving than human driving [57]. The issue of priority of protection in an emergency may be a cause of this difference, which is a very controversial topic. It seems ridicules for a machine to decide the life or death of passengers and pedestrians. Overall, perceived risk, a psychological variable closely related to automobile safety, would affect people’s trust or acceptance of AVs to a certain extent in different groups of people.




3.2.7. Compatibility


Compatibility is accepted in DIM, which can be defined as the degree to which an innovation is perceived as consistent with the existing values, past experiences, and needs of potential users [97]. As a kind of innovation, AVs would change people’s existing travel habits and concepts. For example, the problem of determining the responsibility of accidents, the interaction between the passengers and the AVs etc., 95% of respondents believe that AVs can be well integrated into existing transportation systems, whereas the rest expressed their concerns due to lack of experience with AVs [45]. Similarly, Kyriakidis et al. [34] found that people who use driver assistance systems are more willing to accept AVs, which means that the user’s past behavior would predict future behavior intention. Moreover, compatibility has proven to have a strong positive effect on the perceived usefulness of AVs, while it also has an indirect impact on attitude and intention [36]. Compatibility has not been adequately studied in the papers reviewed until now, but it is likely to be an essential factor affecting the diffusion of AVs. That it is not conformable with people’s lifestyle may become one of the reasons for an innovation to be resisted [18]. Moreover, the interaction of pedestrians, vehicles, and infrastructure may also be changed due to the joining of AVs [45,118]. Compatibility could be valued in future research.



The above seven factors that affect the acceptance of AVs are showed and discussed in the present, but by no means limited to these. Factors such as perceived benefit and perceived behavioral control are not widely cited in the literature we gathered, but they do have some role to play. Acheampong et al. [28] found that perceived benefit has a close correlation with pro-collaborative consumption attitude and pro-environmental attitude. Perceived behavioral control, expressed by constraints on behavior, is proved to be a direct predictor of behavioral intention and has a strong correlation with subjective norm [28,52]. Moreover, although there may be other psychological factors that are not of interest to scholars that affect the acceptance of AVs, factors that have been paid attention to or not paid attention to can be roughly divided into three categories: personal motivation, external influence, and resource conditions. Personal motivation comes from the expectation that AVs can meet one’s needs, such as perceived usefulness. External influence refers to the impact of other individuals or public communication. Resource conditions refer to either the difficulty of using AVs or the compatibility of AVs with existing traffic elements. Individuals’ acceptance of AVs would be affected by these three different sources according to the existing studies.





3.3. Factors Accounting for AV Acceptance in Studies without Behavior Theories


Not all collected studies are based on behavior theories, but most of them also explored a few psychological or environmental factors. These factors are strictly distinguished and summarized. While advances in new products and technologies could improve experiences, their uncertainty and potential side effects may be unsettling to the public until people have sufficient knowledge about them [18], such as concerns about factors including safety issues, investment risks, and so forth. We screen out safety, performance-to-price value, mobility, value of travel time, symbolic value, and environmentally friendly in the review. The reason for the selection is that they are the top six most discussed factors in studies without behavior theories. The occurrence frequency of these six factors is shown in Figure 4.



3.3.1. Safety


Safety is the most frequently occurring word in all of the collected literature. A large number of consumers expressed safety concerns in their reports [37,51,71]. Safety is one of the main factors that people consider when choosing a certain car [119]. Some respondents even estimate that autonomous driving is not as safe as human driving [72]. Hence, they are more willing to accept AVs with manual driving options than fully AVs without steering wheels [28,45]. The deaths of AVs accidents reported in recent years may intensify public suspicion about the safety issues, and safety concerns have proven to be a potential deterrent to the acceptance of AVs [58]. Similarly, Piao et al. [35] found in their research of autonomous buses that safety is the most concerned issue of respondents when there is no human driver in the cabin and, autonomous buses cannot handle the conditions between passengers in the cabin like human drivers. Generally, it is not difficult to find that people have great concerns about the safety of the AVs maybe because the issue is not mature enough, and the public does not have enough knowledge about it.




3.3.2. Performance-To-Price Value


Performance-to-price value may be in consideration when choosing a family car, specifically the purchase price, fuel expense, and maintenance expense [120]. If an innovation has a poor performance-to-price value compared with product substitutes, the majority of consumers may not be willing to purchase it [18]. At first, the price of AVs will probably be higher than that of traditional cars. How many consumers are willing to pay for AVs? The answers to the question may help to AVs’ pricing in the future. Shabanpour et al. [60] found that users are more concerned about the price of AVs compared to other attributes. Similarly, Talebian et al. [46] also predicted that only when the price drops by a certain percentage (e.g., 15% or 20%) every year, the number of AV will gradually rise in urban traffic. The study of Kyriakidis et al. [34] found that about 5% of respondents would be willing to pay for an AV of more than $30,000, and that 40% expected that a fully automated car would cost $5000–9999 on top of a regular car. People’s willingness to buy AVs refers to whether they are willing to pay for the autonomous driving technology and how much they are willing to pay for the new experience brought by the increase of the marginal cost. Haboucha et al. [10] suggested that the price of AVs is not important, but more importantly, the relative price between AVs and conventional vehicles.



Besides, autonomous technologies may also provide a variety of services in addition to private autonomous cars, such as shared autonomous vehicles (SAV) and autonomous buses. Eighty percent of respondents in Austin are reluctant to pay for SAV services at a higher cost than current car-sharing companies in the research of Bansal et al. [12], and the people who live in dense area have more intention to use SAV even at $2 and $3 per mile because of low ownership of private car and insufficient parking space [12]. The fare of autonomous buses would be cheaper than SAV. There is no driver in the autonomous bus, which saves the expenses of wages so that the fare would be more attractive than ordinary buses. Piao et al. [35] suggested that people would prefer autonomous buses if both autonomous and ordinary on a route. For low-income people who make up a large percentage of the population, they may first come into contact with public service AVs instead of autonomous private cars when AVs are available. Therefore, the study of willingness to pay for a variety of autonomous vehicles could be enhanced in the future.




3.3.3. Mobility


The mobility of users would be enhanced when the AVs are available. This means that people would be allowed to use the AVs under an unavailable situation. As an example, although drivers are prohibited from drunk driving, they could take themselves home as the release of drive behavior via AVs. Payre et al. [24] found that 71% of the respondents would like to use AVs during the situation of injury or disease. Additionally, 31% of drivers in Europe acknowledged that they are used to drunk driving, although only a little [13], who would have more inclination to embrace the AVs than others. Not limited to the drunk situation, drivers’ mobility could also be improved when they are ill, disabled, their driver licenses are not available, and so forth. Additionally, the travel needs of the elderly are also receiving more and more attention. In some regions with poor public transport services, it is very inconvenient for the elderly to come out. The elderly could also travel at their own pace without the care of their children when the AVs are available, which greatly increases the acceptance of AVs [9].




3.3.4. Value of Travel Time


The saving of value of travel time is another advantage besides being hands-free. Users are allowed to deal with other things on their trips because of the autonomous system, which entails the reduction of value of travel time [121,122]. Nevertheless, this feature is not of concern to all users. Berg et al. [123] reported that the lower the person’s value of time, the less willing they are to pay the marginal cost of AVs. In contrast, the person with a higher value of time would be more willing to spend money on AVs, owing to it allow them to work while traveling, just like business people working online on trains. Meaning that the increased marginal cost may be insignificant compared to improved work efficiency for them. Haboucha et al. [10] supposed that long commuters tend to prefer AVs because they can use the commuting time that would otherwise be wasted to do some productive task. Noruzoliaee et al. [124] also found that when choosing between human-driven vehicles and AVs, users with a high value of travel time were more concerned about the saving of value of travel time of AVs than those with a low value of travel time. Moreover, people could move to a cheaper area farther away from the downtown and could be productive [9]. In other words, whether users are willing to spend money in exchange for the saved value of travel time may be determined by the heterogeneity of individuals’ value of travel time.




3.3.5. Symbolic Value


Symbolic value can be regarded as a kind of self-identity, meaning that consumers can reflect and communicate their social and personal identity when they own or use innovations [125]. It has been established that cars are seen as expressions of social status and power [126]. Several scholars have studied whether self-identity affects consumer acceptance of autonomous driving. Panagiotopoulos et al. [61] reported in their research that individuals would be affected by the social environment and use AVs to highlight their social status. Moreover, individuals tend to keep up with the trends in social media. Their trendiness could be revealed through the using of innovations, so some respondents are willing to accept AVs [9]. As an opposite discovery, symbolic value is predicted to have no strong effect on acceptance intention in the study of AJT [36]. AVs may not meet the needs of those who have the pursuit of driving pleasure, he explained. The symbolic value of private cars is common in many areas [127,128,129] and people in different nations have different degrees of emphasis on it due to differences in cultural background. Individuals’ image can be established through symbolic consumption [130]. The object of consumption can be expensive or an avant-garde product, etc. Some consumers may purchase an AV for symbolic value after it enters the market in the future. Nevertheless, the study on the people’s symbolic attitude of AVs is still rare. Future research could focus on this characteristic.




3.3.6. Environmentally Friendly


The AVs would reduce greenhouse gas emission and improve fuel economy, which reflects that AVs are more environmentally friendly than non-autonomous vehicles [35,131]. On the contrary, some scholars predict that AVs may have higher mileage due to empty driving, which would generate more energy consumption or emissions [5,14]. Since high-level AVs have not been widely used, it is difficult to predict whether they will be more environmentally friendly than conventional cars in the future. However, this attribute is still valued by individuals who care about the environment. In an investigation of the consumers who have purchased electric vehicles, Berliner et al. [66] found that the respondents expected that AVs would be as environmentally friendly as electric vehicles, which is one of the essential reasons for their acceptance of AVs. Environmental concern positively affects AV acceptance, which is similar to the founding of Gkartzonikas and Gkritza [21], as people with a higher quality of life are more concerned about environmental issues, and this kind of environmental concern would positively affect them to choose autonomous vehicles [65]. Overall, autonomous driving is likely to be environmentally friendly for a single trip. The negative impact of the environment brought by the increased mileage may be largely determined by people’s travel demand in the future.





3.4. The Acceptance of Autonomous Related Products


The service form of AV technology is diversified, and it could play a role in many different types of transport vehicles. Passengers may ride in AVs on many occasions in the future. As an example, commuters would take AVs buses to commute [7], students would take autonomous shuttles to classes on campuses [48], and the elderly or children would book shared autonomous vehicles (SAVs) for daily trips [6,12].



Buses are one of the lowest-priced public transportation, and autonomous buses are further reduced in operating costs because they do not require human drivers. Meanwhile, the operational errors of human drivers can be reduced, which enhances the security of buses. Piao et al. [35] reported in their survey in La Rochelle that only one-quarter of respondents believe that the security of autonomous buses is better than that of human-driven coaches, whereas Portouli et al. [7] founded in Trikala that respondents think that autonomous buses are a little safer than conventional buses. What contributes this difference may be the disparity of running speeds, routes, and traffic conditions of the two city autonomous buses. Whether there is an operator on an autonomous bus is also an essential factor. National differences in the understanding of AVs may be one of the reasons, too [34].



The autonomous ambulance could improve the shortage of medical providers by eliminating the need for human drivers which allow adequate care for the injured [49]. Moreover, if autonomous driving is better than human drivers in the future, then autonomous ambulances may be able to get injured people to hospitals faster and safer than human-driven ambulances, which is an excellent gift for some wounded people in urgent need of emergency treatment. However, Winter et al. [49] reported in their research that respondents are reluctant to accept autonomous ambulances compared to traditional ones. Individuals still do not trust autonomous technology at the moment in the urgency of their lives, they guess. We only found one research on the acceptance of autonomous ambulances under our best efforts, so this topic still needs to be studied more in the future.



Another form of service that autonomous technology can offer in the future may be shared autonomous vehicle (SAV). SAVs offer short-term, on-demand rentals with self-driving capabilities, which seems like a driverless taxi [12]. Bansal et al. [12] found that high-income males living in urban areas are more willing to use SAVs. On the contrary, elderly individuals have less interest in SAVs, probably because they feel that it is hard to learn to use SAVs. Then, Webb at al. [132] found that commuters and young couples have more interest in SAVs. However, couples with children are less willing to do so, probably owing to their consideration of security and policy issues. Furthermore, travel habits also affect the acceptance of SAVs. Haboucha et al. [10] found that individuals who rarely transit with public transportation have less interest in SAVs. Then, Krueger et al. [6] also found that day-to-day travel habits would greatly determine the willingness to use SAVs. Improving public transport and carsharing systems may be a way to attract people to accept SAVs [10].




3.5. Dynamic Preference


The user’s preferences for AVs would change over time. On the one hand, the users’ decisions are affected by the uncertainty of future consumption utility [22]. This may be because people are unwilling to take risks to try new technologies and prefer to continue using existing products. AV technology is developing rapidly at present and, high-level AVs have not entered the market, which has led to little knowledge of AVs. As a result, preferences toward AVs may change with market penetration, technological developments, government policies, pricing, and so forth. In other words, users’ preferences are flexible. Individuals who enter the market at a different point in time are expected to have different preferences. Therefore the preferences of consumers may vary over time [97]. On the other hand, users’ tastes change with age. Future decisions may not commit people’s past intentions as they age [22], and besides, preferences of AV would change due to media promotion or others’ evaluation of driving experience [46].



Hence, the reference value of early studies on the acceptance of AVs seems to lose gradually. However, if it is possible to re-interview the same respondents several years later, and then compare the preferences before and after to reflect the dynamic preferences of autonomous driving technology, it would be beneficial.




3.6. Quality of Reviewed Studies


The quality of the reviewed literature is varied with scores ranging from 3 to 14, as shown in Table 3. The table illustrates that only five studies of all were conducted through a case-control method. It is worth mentioning that no study has longitudinal data, which may need to be supplemented in future research. In the evaluation of data acquisition methods, 85.3% of the studies only conducted questionnaire surveys, such as approaches of AV ride experience [62], autonomous driving simulator [52], and categorizing interviews [43]. Studies using these methods obtained higher scores in the study design section, but the ratio is not high. The percentage of studies that have a large sample accounting for 72%. Reflecting that most studies have a certain degree of representation. As for theory utilization, most of studies (89.3%) have demonstrated the attributes of AVs in detail and researched the psychological or external factors that affect people’s acceptance of AVs. However, the percentage of studies that citing behavior theories is not high, account for 34.7%. Even so, most studies that did not refer to theoretical models have surveyed several psychological variables. Finally, studies that mathematically process data (88%) and calculate correlations between different factors (85.3%) account for the majority, but only 41.3% carried out a parameter selection reliability test. We can conclude that not every literature study the acceptance of AVs through scientific experiments and reasonable data processing, so there is still much room for methods improvement.





4. Discussion


Literature was summarized and critically assessed to sort out the factors that influence people’s acceptance of AVs. To the best of our knowledge, this may be the first systematic review evaluating the quality of empirical studies on people’s acceptance of AVs. A detailed assessment of the literature presents several empirical, methodological, theoretical issues, and factor issues.



4.1. Empirical Issues


The preferences for AV attributes are heterogeneous in different regions and, the psychological factors of car consumers have a cross-cultural difference. As an example, in China, the private car is not only a means of conveyance, it is also regarded as symbols of wealth and status because of the deep-rooted face culture [133]. The rapid growth of the automobile market is under the background of China’s rapid economic growth in the past 20 years, while the purchase of automobiles is influenced by its unique social and cultural influences, which is different from the “Path-dependence” of western countries [129]. We also found the difference in attitude toward AVs between countries. Hence, people in different countries may have variable points toward AVs. Most of the existing literature (n = 75) we have collected on AV acceptance was conducted in developed countries. In total, 33 of the 75 literature are in Europe, 26 in North America, 21 in Asia, 2 in Oceania and 1 in Africa. Four of them are cross-country studies. Therefore, AV acceptance research in developing countries, such as some countries in Asia and Africa, could be paid more attention, and more prospective and intervention research with factors that affect AV acceptance may be needed. Most of the studies were cross-sectional, which is impossible to infer the quantitative impact of the findings on future policies or guidance measures, suggesting that evidence from intervention studies is crucial. Last but not least, with a long way to go before high-level AVs enter the market, people may have dynamic preferences as AV develops. Hence, a longitudinal survey could be carried out by research.




4.2. Methodological Issues


In order to accurately measure the impacts of various factors on AV acceptance, a matching mathematical model needs to be established. After summing and commenting on the statistical methods of the 75 literatures, it was found that correlation analysis and regression analysis were most used. Correlation analysis pointed out the statistical relationship between two random variables, and their correlation coefficient could not reflect the causality between the single index and the whole. Similarly, the structural equation model is also widely used in existing studies. The structural equation model is a method of establishing, estimating, and examining causal relationship model. The model contains observable variables and potential variables that cannot be observed directly. In general, the structural equation model can replace multiple regression, factor analysis, and covariance analysis and analyze the effects of individual indexes.




4.3. Theoretical Issues


The studies of theory utilization (n = 26) among the literature are not the majority. The rigorous evaluation of the existing AV acceptance research literature is to distinguish between those who are not strict with the survey design, the model method is not completely correct, and there is no theoretical framework. In addition to the theoretical frameworks mentioned in the 75 literatures, the researchers also proposed some theoretical models to predict and explain the attributes and psychology that affect the individuals’ acceptance of AVs. In addition to several existing technology acceptance models, such as TPB and TAM, scholars also extended the existing models, such as UTAUT-extended model [29,47], TAM-extended model [50,61,70], Car Technology Acceptance Model [134]. Or some scholars extracted the variables from several models and integrated a new model [28,36,67]. Although the technology acceptance model could explain the acceptance intention, it does not mean that the research without the reference model is unscientific.



Some early studies on the acceptance of AVs were mainly focused on some primary psychological factors, such as perceived risk, attitude, and so forth. With the in-depth exploration of this topic, some behavioral theories and more advanced analytical methods are applied. Generally, multiple psychological variables included in behavioral theories, which regarded as possible determinants of behavioral intention. The introduction of behavioral theories also enables scholars to gradually discover the internal correlation between psychological variables, which guarantees the presentation of reasonable and profound conclusions. As an example, AJT and Acheampong [28,36] integrated variables from three different behavioral theories to explore the acceptance of AVs, which leads to the high explanatory power of the model. Both of them discussed the multiple influences of acceptance intention and reached a variety of conclusions, including policy, environment, and individuals through rigorous mathematical processes.



About two-thirds of studies that did not cite behavioral theories placed focus mainly on single or several factors or discussed differences in acceptance between social demographic attributes. Quite a few significant factors affecting the acceptance of AVs were founded too. For example, Hulse et al. and Liu [57,69] both deeply researched people’s perception of various aspects of risk in AVs, and concluded that the perceived risk has a significant negative impact on the acceptance intention. Some of their findings are similar to those that cited behavior theories that contain perceived risk. As another example, in the research of Payre et al. [24], 67% of the intention of AVs was explained by three psychological factors, including attitude, contextual acceptability, and driving sensation seeking. This figure is higher than that of two studies, which extended TAM (61% and 55% respectively) [62,70]. From a quantitative perspective, the quotation of behavior theory maybe not the determining factor of research quality. It should be noted that in future research, whether to adopt behavior theories could be determined according to the research object, research purpose, or other terms.




4.4. Factor Issues


Combining the factors in the studies with behavior theories, a theoretical framework is proposed as shown in Figure 5. A solid line with a single arrow implies a significant influence relationship between two variables that have been demonstrated. The interactions between variables have been discussed in detail in Section 3. The proven relationship is the basis of the theoretical framework of AV acceptance intention. A double arrow solid line indicates two-way effects between two variables in different studies. A dotted arrow indicates a possible relationship that has not yet been studied. The framework maybe provides further research an initial strategy for reference. Compatibility is shown to has a significant positive association with trust in the adoption intention studies of bank service and relationship marketing [135,136,137]. Perceived ease of use is regarded as a strong predictor of perceived risk in the studies of intention to use social media [138,139]. Hence, two dotted arrows are added to the theoretical framework, which could be further explored in future research. Moreover, the factors in papers without behavior theories are found to have less relationship between each other than that of factors in studies with behavior theories, and almost all of them are directly direct to acceptance intention.




4.5. Limitations and Strengths


The review is not without limitations. First, the eligible literature must be published in English, which makes it impossible to select the relevant literature published in other languages. Second, certain psychological variables from different behavior theories are easily confused, such as perceived benefits and perceived usefulness. They cannot be treated the same, even though they are very similar. Hence, we only focus on perceived usefulness. Future research should be especially careful when comparing and discussing the psychological variables in different literature. Third, the review of the psychological factors and AV attributes affecting the acceptance is based on Rogers’ innovation resistance theory. The purpose is to find out as much detail as possible what is affecting AV acceptance. Of course, the future study can also focus on socio-demographic attributes to research the heterogeneity of attitudes towards AVs among different groups. Fourth, the sample size as one of the criteria to assess the quality of literature has limitations. The difference in the size of the sample size does not fully reflect the quality difference between different studies, as each survey has different methods (such as randomized control group trial vs. online questionnaire). The sample size is meaningful only when comparing studies using the same type of research method. Therefore, the twenty-one studies with a sample size of less than 300 cannot be regarded as inadequate for this reason. The strengths of the review cannot be ignored. One is that all literature is rigorously screened in six databases based on the inclusion/exclusion criteria defined above, and the other is to assess the quality of the listed literature in a standardized manner.





5. Conclusions and Possible Future Works


Autonomous driving is developing rapidly, and at present it is probably at the L3 stage. Some optimistic remarks are predicting that L5 AVs may appear in 2030s [83,140]. Autonomous driving is expected to bring benefits such as ease of traffic congestion and independent mobility. Autonomous driving, as we wish, promotes the city to be intelligent and sustainable, which could take even longer.



The sustainable development of transportation may fluctuate after the widespread use of AVs in the future. Public acceptance of AVs may be one of the factors influencing the diffusion of AVs. This review aims to comprehensively summarize the factors that affect AV acceptance. These factors can be regarded as the entry point for further research. The correlation between psychological variables deserve to be explored through the structural equation model and related behavioral theories too. Not all innovations are well accepted, and sometimes they are subject to human resistance. Therefore, we focus on two facets of affect acceptance proposed by Ram and Sheth [18]. One is the psychological factors of personality, and the other is the attributes of innovation itself. Then we developed an inclusion/exclusion search strategy and compiled a total of seventy-five literature on AV acceptance. These articles are then evaluated according to MQS and TQS. Finally, psychological variables and AV attributes that affect AV acceptance were extracted and sorted out from seventy-five literatures.



The safety, financial, and service attributes impact on AV acceptance is generally found to be significant, including data security, personal safety, marginal cost, mobility, environment-friendly, ride comfort, self-identity, value of travel time. All these attributes have positive or negative effects on AV acceptance to a certain extent. As for psychological factors, all the psychological variables we reviewed have proven to be predictors of acceptance intention. The effect of the variables on the acceptance may be direct or indirect. In other words, there are complex interactions between variables. Future research can focus on continuing to find new psychological variables or multiple correlations between variables.



A few important variables can be further studied, including compatibility, face awareness, dynamic preferences, etc. There are cultural differences and transport infrastructure level differences between different countries. One innovation that do not adapt to local conditions are difficult to promote. Therefore, compatibility could be further studied in different regions. As a kind of relatively expensive consumer product, automobile can reflect a person’s economic strength and make people feel face-saving. In particular, AVs are likely to be more expensive than traditional cars in the early stages of the market. Face awareness could also be regarded as an important factor affecting the acceptance of AVs in the future works. People’s acceptance of AVs is not static, and it may show dynamic preferences with the development of AVs. A longitudinal survey can be conducted in the future, which may be an opportunity and a challenge. The preferences for the above attributes are mostly heterogenous and can partially be accounted for by various individual-specific characteristics.



The research on the acceptance of autonomous driving for special groups is not deep enough, including the elderly, the disabled, children, etc. The issue of travel of the elderly has always attracted the attention of society and academia. The advent of autonomous driving may help increase mobility for older people. Older people’s trust in AVs has been shown to be higher than that of young people, while they may have difficulty operating autonomous vehicles. [30,68]. The acceptance of AVs by the elderly could be further focused on. Similarly, groups like children and disabled people who need special care when traveling may also benefit from AVs. A large amount of social resources that originally invested to help special populations may be saved due to AVs too. Therefore, the research on their acceptance of AVs may be very meaningful and could be further paid attention in the future, and in order to avoid intention deviation as much as possible, they should be introduced in detail to the specific utility of AVs during the survey. Few studies in developing countries are founded in other than China or India, and future research could compensate for this regional imbalance.
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Figure 1. The flowchart of the systematic review process. 
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Figure 2. The number of studies that cited behavior theories. 
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Figure 3. The number of studies that cited factors in behavior theories. 
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Figure 4. Factors accounting for AV acceptance in studies without behavior theories. 
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Figure 5. The conceptual theoretical framework. 
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Table 1. Criteria for assessing studies’ quality.
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Methodological Criterion

	
Description

	
Score






	
Assessing data collecting methodological quality




	
Research design

	
Case-control study

Longitudinal study

Cross-sectional study

	
3

2

1




	
Data acquisition path

	
AV ride experience and questionnaire

AV Simulator and questionnaire

Questionnaire only

	
3

2

1




	
Reasonable choice of sample size

	
Large (>300)

Medium (100–300)

Small (<100)

	
3

2

1




	
Assessing theory utilization




	
Theory utilization

	
Applicating behavior theories

No evidence of using theory

No evidence of using theory

	
1

0

0




	
Conceptualization of AV attributes

or psychological factors

	
The AV attributes or psychological factors were defined clearly or contextually described

Not defined/described

	
1

0




	
Assessing methods utilization




	
Application of statistical methods

	
Include

Not include

	
1

0




	
Goodness of fit test

	
Tested

Not tested

	
1

0




	
Parameter selection reliability testing

	
Tested

Not tested

	
1

0
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Table 2. Overview of studies.
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	Lead Author (year)
	Country
	Time of Data Collection 1
	Number of Respondents
	Analytical Method
	Reference





	Payre (2014)
	France
	2013
	421
	Factor analysis
	[24]



	Schoettle (2014a)
	USA, UK, and Australia
	2014
	1533
	Analysis of variance (ANOVA)
	[31]



	Schoettle (2014b)
	China, India, and Japan
	2014
	1722
	Descriptive statistic
	[32]



	Choi (2015)
	Korea
	
	552
	Partial least-square
	[33]



	Kyriakidis (2015)
	Netherlands
	2014
	4886
	Descriptive statistics
	[34]



	Gold (2015)
	Germany
	
	72
	ANOVA
	[30]



	Piao (2016)
	France
	2015
	425
	Descriptive statistics
	[35]



	Krueger (2016)
	Australia
	2015
	435
	Mixed logit model
	[6]



	AJT (2016)
	Norway
	2016
	383
	Structural equation modeling
	[36]



	J. Zmud (2016)
	USA
	
	556; 44
	Regression model
	[37]



	Hohenberger (2016)
	Germany
	2014
	1603
	Logistic regression model
	[38]



	Bansal (2016)
	USA
	2015
	2167
	Simulation-based fleet framework
	[12]



	Bansal (2017)
	USA
	
	347
	Ordered probit model
	[39]



	Lavieri et al (2017)
	USA
	2014~2015
	1832
	Generalized Heterogeneous Data Model
	[40]



	Robertson (2017)
	Canada
	2016
	2662
	CTAM Logistic regression
	[41]



	Shin (2017)
	Japan
	2015
	246642
	Regression analysis
	[42]



	Madigan (2017)
	Greece
	2015
	315
	Multiple regression analysis
	[29]



	Portouli (2017)
	Greece
	2016
	200; 519
	Descriptive statistics
	[7]



	J. P. Zmud (2017)
	USA
	
	44; 556
	Regression analysis
	[9]



	Moták (2017)
	France
	2013
	370; 162
	Regression analysis
	[43]



	Daziano (2017)
	USA
	2014
	1260
	Conditional logit model and Parameter logit model
	[44]



	Haboucha (2017)
	Israel, North America
	2014
	721
	Logit kernel model
	[10]



	Deb (2017)
	USA
	
	482
	Regression analysis
	[45]



	E. C. Anania (2018)
	USA
	
	99
	Descriptive statistics
	[17]



	Talebian (2018)
	USA
	2017
	327
	Agent-based simulation
	[46]



	Hartwich (2018)
	Germany
	
	40
	ANOVA
	[47]



	Nordhoff (2018)
	Germany
	2016~2017
	384
	Principal component analysis
	[48]



	Winter (2018a)
	USA
	
	102/134/470
	ANOVA
	[49]



	Winter (2018b)
	USA
	
	510; 571
	Descriptive statistic
	[50]



	Leicht (2018)
	French
	
	241
	Multi-group regression analysis
	[51]



	Buckley (2018)
	USA
	
	74
	Regression analysis
	[52]



	Liljamo (2018)
	Finland
	2017
	2036
	Cross tabulations
	[53]



	Nielsen (2018)
	Denmark
	2016
	3040
	ANOVA
	[54]



	Salonen (2018)
	Finland
	2015
	197
	Descriptive statistics
	[55]



	Kaur (2018)
	Australia
	2017
	101
	Factor analysis
	[56]



	Hulse (2018)
	UK
	2016
	925
	Factor analysis
	[57]



	Nazari (2018)
	USA
	2017
	2726; 1755
	Ordered probit model
	[58]



	E. Anania (2018)
	USA and India
	
	50; 610
	Descriptive statistic
	[59]



	Shabanpour (2018)
	USA
	2016
	1013
	Multinomial logit model
	[60]



	Panagiotopouloss (2018)
	Greece
	2017
	483
	Multiple regression

analyses
	[61]



	Xu (2018)
	China
	2017
	300
	Structural equation modeling
	[62]



	Hudson (2019)
	EU
	2014
	27801
	Regression analysis
	[63]



	Acheampong (2019)
	Ireland
	2018
	507
	Factor analysis
	[28]



	Stoiber (2019)
	Switzerland
	2018
	709
	Ordinal logistic model
	[64]



	Wu (2019)
	China
	2018
	470
	Structural equation modeling
	[65]



	Berliner (2019)
	USA
	2017
	3280
	Descriptive statistics
	[66]



	Liu (2019)
	China
	2017
	441
	Structural equation modeling
	[67]



	Liu (2019a)
	China
	2018
	568
	Regression model and ANOVA
	[68]



	Liu (2019b)
	China
	
	1355
	Regression analysis
	[69]



	Zhang (2019)
	China
	2018
	216
	Structural equation modelling
	[70]



	Penmetsa (2019)
	USA
	2017
	798
	Descriptive statistic
	[71]



	Hardman (2019)
	USA
	2018
	2715
	Factor analysis; regression analysis
	[72]



	Lee (2019)
	Korea
	
	313
	Structural equation modelling
	[73]



	Manfreda (2019)
	Slovenia
	2018
	382
	Structural equation modelling
	[74]



	Nishihori (2019)
	Japan
	2018
	20300
	Meta-analysis
	[75]



	Herrenkind (2019)
	Germany
	2018
	268
	Structural equation modelling
	[76]



	Herrenkind (2019)
	Germany
	2018
	271
	Structural equation modelling
	[77]



	Wang (2019)
	Singapore
	2017
	1989
	mixed logit choice model
	[78]



	Raj (2019)
	India
	2018
	82
	Grey-DEMATEL
	[78]



	Bennett (2019)
	UK
	
	211
	Structural equation modelling
	[79]



	Ro (2019)
	Korea
	2015-2016
	1506
	Factor analysis
	[80]



	Hegner (2019)
	Germany
	
	369
	Structural equation modelling
	[81]



	Wintersberger (2019)
	Austria
	
	192
	Regression analysis
	[82]



	López-Lambas (2019)
	Spain
	2018
	6-10 per group
	Descriptive statistic
	[83]



	Zarkeshev (2019)
	Hungary, Kazakhstan
	
	70, 70
	ANOVA
	[84]



	Tan (2019)
	China
	
	403
	MNL, Binary Logistic Model
	[85]



	Salonen (2019)
	Finland
	2017
	44
	Descriptive statistic
	[86]



	Hinderer (2019)
	Germany
	2017
	178
	Descriptive statistic
	[87]



	Hutchins (2019)
	USA
	
	53
	Structural equation modelling
	[88]



	Winter (2019)
	Netherland, Germany
	
	282
	Discrete Choice Model
	[89]



	Dong (2019)
	USA
	2015
	3350
	Mixed logit modeling
	[90]



	Rahman (2019)
	USA
	
	173
	Confirmatory factor analysis
	[91]



	Jing (2019)
	China
	2018
	906
	Structural equation modelling
	[92]



	Kettles (2019)
	South Africa
	
	121
	Structural equation modelling
	[93]



	Zhang (2020)
	China
	2018
	647
	Structural equation modelling
	[94]







1 Twenty-five studies did not specify the data of the survey.
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Table 3. Distribution of quality characteristics across reviewed studies.






Table 3. Distribution of quality characteristics across reviewed studies.





	
Methodological Criterion

	
Description

	
Score

	
n of Studies

	
Percentage






	
Assessing data collecting methodological quality




	
Research design

	
Case-control study

Longitudinal study

Cross-sectional study

	
3

2

1

	
5

0

70

	
6.7%

0

93.3%




	
Data acquisition path

	
AV ride experience and questionnaire

AV Simulator and questionnaire

Questionnaire only

	
3

2

1

	
8

3

64

	
10.7%

4.0%

85.3%




	
Reasonable choice of sample size

	
Large (>300)

Medium (100–300)

Small (<100)

	
3

2

1

	
54

14

7

	
72.0%

18.7%

9.3%




	
Assessing theory utilization




	
Theory utilization

	
Applicating behavior theories

No evidence of using theory

	
1

0

	
26

49

	
34.7%

65.3%




	
Conceptualization of AV attributes

or psychological factors

	
The AV attributes or psychological factors were defined clearly or contextually described

Not defined/described

	
1

0

	
67

8

	
89.3%

10.7%




	
Assessing methods utilization




	
Application of statistical methods

	
Include

Not include

	
1

0

	
66

9

	
88%

12%




	
Goodness of fit test

	
Tested

Not tested

	
1

0

	
64

11

	
85.3%

14.7%




	
Parameter selection reliability testing

	
Tested

Not tested

	
1

0

	
31

44

	
41.3%

58.7%












© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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