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Abstract

:

The adoption of autonomous demand-responsive transit (ADRT) to support regular public transport has the potential to enhance sustainable mobility. There is a dearth of research on the socio-demographic characteristics associated with perceived opportunities and challenges regarding ADRT adoption in Australia. In this research, we fill this knowledge gap by determining socio-demographic predictors of perceptions and attitudes towards ADRT, specifically autonomous shuttle buses (ASBs), among adult residents of South East Queensland. This study incorporates a review of prior global studies, a stated preference survey distributed across the case study region, and descriptive and logistic regression analysis. We found that the main perceived opportunity of ASBs is reduced congestion/emissions, while the primary anticipated challenge relates to unreliable technology. Fully employed respondents are likely to be more familiar with autonomous vehicles. Females and those from lower-income households are less likely to have ridden in an autonomous vehicle. Males, those who are younger, have high employment, hail from higher-income households, and with no driver’s licence are all more favourable towards ASBs. Males, those with high employment, and without driver’s licence are likely to be more concerned about traffic accidents when using ASBs. Less-educated respondents and those living in peri-urban areas are likely to be more concerned about fares. Insights are drawn from the current study to inform policymakers to consider key challenges (e.g., trust issues) and target groups (particularly females) in planning public communication strategies to enhance receptiveness to ADRT.
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1. Introduction


Autonomous vehicles (AVs) have the potential to become a commonplace transport platform globally. However, the excessive or disorganised use of private AVs might increase traffic congestion and greenhouse gas emissions via several factors [1]. First, increased vehicle ownership and usage can result in the presence of more cars on the road, leading to overall higher vehicle miles travelled (VMT) and increased congestion. This increased traffic can lead to idling and stop-and-go driving, both of which contribute to higher emissions [2]. Second, autonomous vehicles may encourage longer trips and more single-occupancy journeys, as people may be more willing to tolerate longer commutes if they can work or relax while the vehicle drives itself. Additionally, the convenience and comfort offered by autonomous vehicles might reduce the appeal of public transportation, leading to a shift from shared mobility options to private vehicles [3]. Finally, while autonomous vehicles have the potential to improve fuel efficiency through better traffic flow and optimized driving patterns, the manufacturing and operational energy requirements, as well as the battery production and charging infrastructure, contribute to the life cycle emissions of these vehicles [4,5,6].



The multilevel aspect of electric vehicles (EVs) regarding sustainability and their life cycle encompass various stages from production to end-of-life management. While EVs contribute to reduced greenhouse gas emissions during operation, concerns arise from their assembly and disposal processes. At the production level, the extraction of raw materials such as lithium, cobalt, and rare-earth metals for battery production has environmental and social implications. Additionally, the energy-intensive manufacturing process and associated emissions involved during vehicle assembly need to be considered. Furthermore, the end-of-life management of EV batteries poses challenges due to their recycling, reusability, and potential environmental impacts if not properly handled. These multilevel aspects highlight the need for holistic approaches, including the sustainable sourcing of materials, efficient manufacturing processes, and effective recycling and disposal systems, to maximize the sustainability benefits of EVs while minimizing their environmental footprint [7,8].



The excessive or disorganised use of private AVs additionally has the potential to stimulate urban sprawl [9,10,11,12] by eliminating the stress of driving and enabling people to reside farther from their workplace, resulting in longer commuting distances and energy expenditure [13]. Thus, without careful planning and regulation, the unchecked proliferation and haphazard use of private autonomous vehicles can exacerbate greenhouse gas emissions. To minimise the detrimental effects, the widespread adoption of ridesharing using AVs should be publicly promoted to reduce traffic congestion by optimizing routes and minimizing empty trips towards creating a safer, more efficient, and sustainable transportation systems for the future [14,15].



Autonomous demand-responsive transit (ADRT) is a recently introduced public transit mode and is predominantly available using autonomous shuttle buses (ASBs) [14,15,16,17,18,19,20]. The implementation of ADRT has been stated as an applicable response to the climate change challenge [5]. ADRT has the potential to enhance mobility services and, as a result, enhance transit efficiency and reduce dependency on private vehicles [21,22]. As a feeder mode of regular public transit, ADRT could provide first-/last-mile services, supporting a transition to more sustainable mobility [11]. The use of ASBs with transport capacities of up to 15 persons enables reasonably cost-effective, flexible on-demand 24/7 operation [23]. The use of ADRT in a more dynamic, mixed-traffic environment is evolving quickly [24,25,26].



Attitude may be explained as “a mental state of readiness, positively or negatively associated with a particular object. It is acquired through experience and is a precursor of behaviour related to the object” ([27], p. 251). Individuals’ attitudes towards ADRT are crucial as they influence “the demand for the technology, governing policies and future investments in infrastructure” ([28], p. 38). Nevertheless, if ADRT is to be deployed widely and embraced as an everyday travel mode, positive public attitudes are necessary.



In the past, many researchers have investigated public perceptions towards opportunities and challenges for AVs [20,29,30,31,32,33,34,35], but few have focused on the Australian context [36,37,38,39,40,41,42,43]. There is a lack of research about how Australians’ socio-demographics affect their attitudes towards AVs, particularly ADRT. This study fills this research gap by fully classifying socio-demographic predictors of the publics’ attitudes towards ADRT in the specific context of the South East Queensland (SEQ) region of Australia. The research method is founded on an online stated preference survey distributed across more than 250 postcodes across the region, complemented by a wide-ranging review of prior global studies, and descriptive and ordinal/binary logistic regression analysis using SPSS v.27. This study tries to address the following research question.



	-

	
How are individuals’ perceptions and attitudes towards ADRT influenced by gender, age, education, employment, income, household size, residential location, and having a driver’s license?







As a result, we shed more light on the social dynamics behind how potential adopters perceive different aspects of this innovative transit mode. The insights drawn from the current study may help alleviate concerns and encourage the future adoption of ASBs in this and other regions. Following this introduction, Section 2 provides an overview of relevant global studies. Section 3 explains the research method involving the questionnaire design, case study area, and the data collection process. Section 4 presents the descriptive statistics of the socio-demographic and attitudinal characteristics. Section 5 then describes the analysis method along with the detailed results. Section 6 discusses the findings and implications for the transition to ADRT. Section 7 provides concluding remarks, study limitations and suggestions for further research.




2. Literature Background


In this section, the study provides a concise review of the current literature on the association between attitudes towards ADRT, in particular ASBs, and the socio-demographic characteristics comprising gender, age, education, employment, income, household size, and residential location, adapting the reviews that were recently published in the AV context [14,27,44].



The literature on the subject of gender and attitude towards ADRT is mixed. According to Dong et al. [45] and Winter et al. [46], males have been demonstrated to be more open to using ASBs than females are, especially highly automated ASBs [47]. Other research reported that males are generally more willing to use autonomous transport services [48], preferring ASBs over traditional vehicles [49,50,51,52], and trust ASBs more than females do [53]. Similarly, males are found to be more confident to share a ride with strangers on ASBs than females are, but in terms of traffic safety or dealing with an emergency, there has been no major difference [19]. Females are less prone to believe that autonomous transit services are useful, and have more concerns about them [48]. Furthermore, females may prefer to use ASBs themselves rather than allow their partners or children to [46,54]. Nevertheless, Madigan et al. [55] and Nordhoff et al. [17,56] found no significant difference between males’ and females’ intention to use ASBs, and neither did Pakusch & Bossauer [57] in the autonomous transit context. No impact of gender was seen even when ASB service offerings were provided between transit hubs and parking lots or between the home and workplace [47].



Research findings on how age affects attitude and adoption are inconsistent. Some studies discovered no correlation between a person’s age and willingness to use ASBs [55,58,59,60] or other autonomous transit services [57], or even with the likelihood of preferring ASBs over other transport modes [50,51]. Similarly, Salonen [19] reported an insignificant effect of age on concerns about safety on-board, in traffic or an emergency, as did Dekker [53] regarding trust in ASBs. Even when ASBs offered mobility services between transit hubs and parking lots, or between the home and workplace, age was shown to not influence the willingness to use transit [27]. ASBs seemed to be more popular among young individuals [47]. According to Acheampong & Cugurullo [48], there is a negative relationship between age and favourable attitudes towards technology, the perceived benefits of or intent to use autonomous transit services. Those of ages between 18–35 were more likely to use ASBs than those over 45 years old [45]. Portouli et al. [61] found that frequent customers of ASBs were younger than non-users, contrary to Nordhoff et al. [17] who reported a higher acceptance of ASBs among older participants than among younger ones, though the former considered ASBs less efficient than their present transport mode.



Level of education was discovered to affect the intention to use ASBs [47], perceived usefulness, perceived ease of use, and willingness to use autonomous transit services [48]. ASBs were preferred by those with a higher education level over their traditional counterparts in some regions where ASBs were implemented in city centres [49,50,62]. In contrast, neither concerns about safety on-board, in traffic, nor an emergency seemed to be influenced by education levels [19], nor did trust in ASBs [53]. The impact of education level between frequent users of ASBs and those who had never used such modes was insignificant [61].



Employment was found not to affect preference for ASBs over their traditional counterparts [50], or concerns regarding safety on-board, in traffic or in an emergency [19]. Nevertheless, Portouli et al. [61] reported that students use ASBs more frequently than employees, unemployed persons, or retirees do. This might be attributed to the impact of ageing.



Household income was found not to affect preference for ASBs over their traditional counterparts [50], or willingness of using ASBs [60]. Similarly, Salonen [19] reported an insignificant effect of income on concerns about safety on-board, in traffic or in an emergency, as did Dekker [53] regarding trust in ASBs. Dong et al. [45] argued that a person’s greater income increases their intention to use ASBs, but only in the case of not considering the effect of AV knowledge.



Regarding residential location, some research stated that residents of densely populated regions have greater intentions to use ASBs at higher levels [47]. Rural and urban populations in Germany had equal intentions to use ASBs [60]. In contrast, US respondents were found to be more inclined to use ASBs than those in any of the other countries that were surveyed by Winter et al. [46]. Residents of areas with ASB services were shown to have more trust and intention to use ASBs than were residents of areas without ASB services in operation [53]. In a survey conducted on a German campus by Nordhoff et al. [17], campus workers regarded ASBs as being less efficient than their existing transit mode compared to non-campus workers. Contrary to parents in the US, parents in India were more open to the idea of their children riding in ASBs. However, residents and tourists in La Rochelle (France) and Lausanne (Switzerland) were equally open to the idea of using ASBs [58].



As noted, research findings differ concerning the influence of gender, age, education, employment, income and residential location on attitudes towards ADRT, and in particular ASBs. Such discrepancies might be due to variations in research “methodology (qualitative interview or an online survey; involving a shuttle trial or not), nature and size of study samples, usage contexts (campus, city centre or rural environment) or vehicle considered (shuttle, buses)” ([27], p. 268). Even though there are extensive detailed studies in this field, they have mostly focused on the US and European populations. The applicability of those findings to the Australian context, thus, is questionable. Empirical research is lacking for measuring public perceptions and attitudes towards ADRT in Australia, especially in the ASB context. Only a small number of individual characteristics have been explored, which restricts both the depth and breadth of our knowledge of the association between Australians’ socio-demographics and their perceptions and attitudes towards ADRT. Cross-national differences may obscure individual differences in attitudes towards and adoption of ASBs according to Kyriakidis et al. (2015). Further, prior findings indicate that the public’s perception towards AVs more generally varies between nations, namely between Australians [29] and others, highlighting the need for further study in the regional context.



The current research builds upon prior studies, not only by measuring perceptions and attitudes towards ADRT among adult residents of SEQ but also by carrying out an in-depth exploration of how those perceptions and attitudes are associated with particular socio-demographic characteristics.




3. Research Method


A stated preference survey was designed and implemented to investigate challenges and opportunities in the adoption of ADRT services by adult residents of the case study region. SEQ is a metropolitan region centred on Brisbane that has a land area of 35,248 km2 and a population of 3,817,573 million (2021). The per capita gross state product of Queensland is AUD 71,037 (USD 53,280) [63]. It has 12 adjoining local government areas (LGAs), where a LGA is a municipality administered by the third and lowest tier of government.



The survey respondent recruitment methodology involved only individuals living within the urban and peri-urban areas of SEQ (see Figure 1, highlighted in red and purple, respectively) including a total of 250 postcodes. Rural areas were excluded from the study because the implementation of this survey was not cost-efficient due to low density.



The questionnaire items were adapted and developed following a systematic literature review [14] to verify the content’s validity. Preliminary testing was conducted by surveying a group of higher-degree research students and the staff of the university because these people usually have broader knowledge regarding the application of surveys for reliable results. Preliminary and main survey participation was entirely voluntary. The final questionnaire was revised following the feedback provided by an expert supervisory panel review representing views of key informants in the field, specifically civil engineering and built environment academics specialising in transport systems and autonomous vehicles. The questionnaire consisted of three sections: (1) questions about the respondent’s socio-demographic characteristics, (2) questions relating to the respondent’s existing travel habits—such factors being worth mentioning in understanding the attitudes towards ASBs, and (3) attitudinal indicators contained to assess perceptions that might affect the adoption of ASBs. The related indicators were measured by applying a 5-point Likert scale owing to its widespread usage in the literature and its ease of use in analysis. For a clearer interpretation of the typical usage of ASBs to deliver ADRT, an introductory paragraph was included stating that “Autonomous shuttle buses are fully automated electrically powered vehicles which are being trialled in Australia including SEQ as a new travel mode. They can serve potentially similar markets to conventional shuttles and have similar passenger-carrying capacities. However, they are not driven by a person, instead, they are controlled by smart technology that safely optimises travel times, vehicle kilometres travelled, and energy consumption. They are expected to be in public use with a surveillance system on board in place of a human driver.” Two photos of ASB were also depicted at the beginning of the questionnaire (Figure 2).



The University Human Research Ethics Committee (UHREC RN: 2000000747) approved the final questionnaire, which was made available online for self-completion. To accommodate the limitations and risks posed by the COVID-19 pandemic, the researchers enlisted the services of Qualtrics, a professional web-based survey platform provider, to employ a convenient random sampling method in reaching the target respondents and gathering data for the study. Each potential respondent received an email containing the survey link to ensure broad public access during May 2021. The e-mail explicitly displayed a brief description of the academic purpose of the project and voluntary participation. The screening question ensured that only participants who were over 18 years old and residing in SEQ were asked to respond to the survey. Overall, 357 respondents finished the survey. Ultimately, after screening and cleaning the data, 300 responses with no missing values, invalid observations or outliers were deemed to be valid for further analysis. Based upon Krejcie and Morgan [65], a minimum sample size for a population above 1,000,000 (confidence = 95% and Margin of Error = 6%) is 300.




4. Descriptive Statistics


It is necessary to explore how the SEQ population is represented in our sample to fully understand both the background that yields the subsequent findings and the associated implications for the uptake of ADRT among Australians more broadly. The descriptive analysis was carried out using SPSS v.27 [66].



4.1. Socio-Demographic Characteristics


The analysis results identified a total of seven socio-demographic predictor variables associated with personal characteristics including gender, age, education, employment, household income, residential location, and household size. Figure 3 illustrates the distribution of each personal characteristic. The multicollinearity assessment results indicated that predictor variable inflation factors (VIFs) were all acceptable at a level of <2.50 [67].



Out of the 300 survey participants, the age group between 18 and 35 years old constituted the largest proportion at 36%. Respondents aged 36 to 50 years old accounted for 17.7% of the participants, while those aged 51 to 65 and over 66 years old represented 19.3% and 27%, respectively. The number of female respondents was nearly twice that of males (65% compared to 35%). Regarding education, 27.4% of participants held tertiary degrees and almost the same portion of them completed high school (36.3%) or a vocational certificate (36.3%). The retired, homemaker or not employed group accounted for 46% of respondents while part-time or casual employees accounted for 24% and full-time or self-employed (30%) individuals accounted for the remainder. The median and mode annual income bracket was AUD 52,000– AUD 77,999. The survey also showed that two-thirds of respondents (67%) were living in peri-urban areas, and most of them were from 2-person households (39.7%).



The distributions of existing travel characteristic response variables including (a) travel mode/frequency, (b) travel purpose/frequency, (c) driver’s license, (d) daily travel time, and (e) travel mode satisfaction are outlined in Figure 4. It can be seen that the most frequently used modes are walk, car, while the least frequently used modes are mobility scooter, motorcycle/moped, e-bike/e-scooter. The most popular transit modes are bus, train/tram, taxi, then ferry and conventional shuttle bus. Commercial vehicle and bicycle usages are similar. The majority of the survey participants hold a valid driver’s license. Almost the same portion of them had less than 30 min or 30 min–1 h of travel time. Only a small portion of them was neutral towards or dissatisfied with their current travel mode, while the rest were satisfied or very satisfied with it.



The summary of responses regarding exposure to AVs comprising AV knowledge and experience variables is shown in Figure 5. The AV knowledge variable was ordered in the following categorical range on the survey: not familiar, somewhat familiar, and very familiar. Only 8 responses were recorded in the last category, so it was determined that the re-coding of categories was appropriate. As can be seen, a percentage of the survey respondents were aware of AVs but very few of them had already used them.




4.2. Attitudinal Characteristics


Public attitude towards ASBs is a key factor that will shape the demand and market for them [61]. Since perception and attitudes “represent an individual’s latent beliefs and values and unlike observable variables cannot be directly measured. These latent constructs, however, influence an individual’s decision-making process” ([68,69], p. 242). Psychometric indicators could be used to identify latent constructs [69]. Response variables in our study, which require respondents to rate certain statements on a scale, are psychometric indicators. In the literature response, variables are self-developed or modified effective statements. For each factor, the frequencies in each category were inspected and all were maintained for ordinal logistic regression. Reliability was checked by determining Cronbach’s alpha (α) to assess the items’ internal consistency. Each scale’s Cronbach’s α value should be greater than 0.7 [70]. The overall Cronbach’s alpha was determined to equal 0.924 for perceived opportunities and 0.786 for perceived challenges, indicating strong consistency amongst all the response variables listed. The value of Cronbach’s alpha for each item if deleted implies that the omission of none of the items could have substantively increased the reliability of this part of the survey [71]; however, ‘Higher fare’ is less consistent than the others.



Public perception and attitudes towards ASBs were tested regarding the perceived opportunities and challenges of using ASBs compared to those of using conventional shuttles. The survey participants were presented with a list of opportunities to be expected by using ASBs. Their opinions on the agreement with the listed opportunities on the 5-point Likert scale ranging from ‘strongly disagree’ to ‘strongly agree’ are shown in Figure 6. The majority of the survey respondents gave responses ranging from neutral to agree, with each of the eight perceived opportunities listed. Of the opportunities that were agreed upon, the most appealing ones were ‘Less congestion/emissions’ (41%), and this was followed by ‘Easy to learn how to interact/travel’ (39%), and ‘Reduced fleet need’ (38%). The least appealing ones were ‘Safer’ (18%) and ‘More attractive’ (23%).



The survey participants were presented with a list of challenges relating to the use of ASBs. Their opinions regarding the concerns about the listed challenges on the 5-point Likert scale ranging from ‘very concerned’ to ‘not concerned’ at all are shown in Figure 7. The majority of the survey respondents were concerned to very concerned with all listed challenges. Of the challenges, the most concerning was ‘Unreliable technology’ (51.3% were concerned and 24.7% were very concerned), followed by ‘Malfunction’ (43% were very concerned and 40% were concerned), ‘Traffic accidents’ (38% were very concerned and 39% were concerned), and ‘Higher fare’ (44% were concerned and 18.7% were very concerned).



The survey participants’ intention to use ASBs if they become available is shown in Figure 8. More than two-thirds (38%) of the respondents stated that they would be happy to ride in ASBs that operate for special purposes, and about one-fifth (19%) did not consider using ASBs at all. Of the rest of the potential users of ASBs, 25% preferred to ride in ASBs that operate on all roads/streets, 10% preferred to ride on private streets, and 8% preferred to ride on local streets.





5. Findings and Implications for Transition to ADRT


Following the descriptive analysis of the survey, an ordinal logistic regression was employed using SPSS v.27 to develop a model to understand associations of the socio-demographic predictor variables for each response variable within each tabulated grouping of existing travel characteristics and attitudinal variables. The link function that was used was Logit. For this exploratory study of each response variable, a backward elimination method was used to obtain the parsimonious model using only the predictor variables that pass the threshold significance of 0.05 [72].



The next section presents the results of this modelling. For ordinal logistic regression and binary logistic regression, the omnibus test, like the likelihood-ratio chi-square test, is used to test whether or not the current model outperforms the null model as evidenced by p ≤ 0.05. For the ordinal logistic regression, the parallel lines test is used to test the null hypothesis that the slope coefficients in the model are the same across response categories, and therefore that the one-equation model is valid, as evidenced by p > 0.05, suggesting the model fits well [73,74,75].



In our evaluation, we characterise relatively the predictor variables’ odds ratios for decreasing odds: extremely strong > 0.2, 0.2 ≥ very strong > 0.4, 0.4 ≥ strong > 0.6, 0.6 ≥ moderate > 0.8, and 0.8 ≥ mild > 1.0. We use the inverses of these values for increasing odds [76,77,78]. Here, we present findings from our ordinal/binary logistic regression analysis.



5.1. Associations between AV Exposure and Socio-Demographic Predictor Variables


The results of the goodness of fit tests and statistics of the binary logistic regression models for these response variables are listed in Table 1.



Omnibus significance indicates that the AV knowledge model has a better fit than the intercept-only model. According to the odds ratio, evidence suggests that an increasing employment status across the scale from the retired, homemaker or not employed level to the full-time or self-employed level is strongly associated with an increase in the likelihood of having knowledge about AV.



The AV experience model has a superior fit to the intercept-only model. Evidence suggests the following effects in the likelihood of having experienced AVs of any kind. Being male is very strongly associated with an increase. Increasing household income across the scale from the Nil to the AUD 15,599 level to the AUD 104,000 or more level is extremely strongly associated with an increase.




5.2. Associations between Attitudinal Characteristics and Socio-Demographic Predictor Variables


The results of the goodness of fit tests and statistics of the ordinal logistic regression model for each remaining response variable are listed in Table 2. All the response variable models have a superior fit to the threshold-only models, while the proportional odds assumption appears to have held.



Regarding perceived opportunities and challenges, evidence suggests the following, discussed according to the response variable.



Overall, the information highlights the advantages of ASBs over conventional shuttles, including their efficiency, reduced traffic congestion and emissions, the presence of fewer driver errors, ease of learning, safety, attractiveness, and positive attitudes towards ASBs. For each of the following response variables, no model was found to be significant via regression using the socio-demographic predictor variables from Figure 6 of ‘Reduced fleet Need’, ‘Unreliable technology’, and ‘Malfunction’.



Individuals with lower employment levels tend to have less familiarity with autonomous vehicles (AVs). Therefore, it would be beneficial to explore ways to enhance their knowledge about AVs, especially if such an improvement can positively influence their willingness to adopt AVs when and where they are available. Additionally, females and individuals from lower-income households are less likely to have experienced riding in any type of AV. For these socio-demographic groups, it may be worthwhile to investigate methods of increasing exposure to autonomous shuttle buses (ASBs), such as through demonstrations, as increased exposure could potentially enhance their acceptance and the adoption of ASBs when and where they are deployed.



Male respondents exhibit a more favourable attitude towards ASBs, as do those who do not possess a driver’s license. Furthermore, younger respondents also demonstrate a more positive attitude towards ASBs. They perceive ASBs as more appealing, efficient, safe, and less congesting, with fewer emissions and driver errors compared to conventional shuttles. Younger respondents also believe that learning how to travel in an ASB is relatively easy. On the other hand, respondents with higher employment levels perceive ASBs as more attractive than conventional shuttles. Similarly, individuals from higher-income households hold a more positive attitude towards ASBs, perceiving them as more efficient and easier to learn how to use. These socio-demographic groups should be targeted to encourage the adoption of ASBs when and where they become available. For the socio-demographic groups that exhibit the opposite characteristics, it may be worthwhile to explore approaches to improve agreement regarding the benefits and opportunities associated with ASBs, as such improvements could enhance their willingness to adopt the use of these.



Respondents residing in peri-urban areas tend to be more concerned about fares when using ASBs compared to conventional shuttles. This concern is also observed among respondents with lower education levels. For both socio-demographic groups, it would be valuable to investigate whether or not fare structures based on spatial zones, time periods, and concession categories contribute to their concerns. Addressing these concerns related to fare structures, specifically in the context of ASB deployment, could help alleviate the worries and increase acceptance among these groups. Additionally, male respondents, those without a driver’s license, and individuals with higher employment levels are more concerned about traffic accidents when using ASBs compared to conventional shuttles. It is important to further explore how the automation of the driving task contributes to these perceived challenges and identify steps that can be taken to address these concerns specifically in the context of ASB deployment for these socio-demographic groups.



Addressing trust difficulties and worries about faulty technology can be carried out in several ways [79]:




	
Education and Awareness: Policymakers should implement education campaigns that explain how ADRT works, its benefits, and the safety measures put in place. Transparency about technology can help alleviate fears.



	
Regulation and Standards: Policymakers should establish stringent standards and regulations for ADRT systems. This would not only ensure safety but also promote public confidence in the technology.



	
Demonstrations and Trials: Public demonstrations or pilot programs can also help to increase public trust in ADRT. By seeing the technology in action and understanding its benefits first-hand, people might be more likely to trust and adopt it.



	
Addressing Equity Concerns: A significant subset of the population that might be sceptical about ADRT could be those who worry about access and equity, particularly if they live in underserved areas or have limited mobility. Policymakers need to assure these communities that ADRT will be accessible and affordable to all, not just a privileged few.



	
Stakeholder Involvement: Involving different stakeholders in the policymaking process can also build trust. This could include public forums or consultations where citizens can express their views and contribute to decision-making about ADRT.



	
Data Privacy and Security Measures: Given the digital nature of ADRT, data privacy and cybersecurity are crucial. Policymakers should define clear guidelines to protect user data and ensure that robust cybersecurity measures are in place.








The ultimate goal for policymakers should be to foster a favourable public opinion towards ADRT while ensuring safety, accessibility, and trust in the technology. They should continuously gauge public sentiment and address concerns proactively to promote widespread acceptance and adoption.





6. Conclusions


The implementation of autonomous demand-responsive transit (ADRT) as a feeder to regular public transit holds the potential to enhance the effectiveness of public transportation. While autonomous trains and trams are already widely integrated into public transit systems worldwide [57,80], the acceptability of pioneering ADRT services, such as autonomous shuttle buses (ASBs), raises questions and concerns. To address these issues, our study focused on understanding the social dynamics behind how different groups perceive ADRT mobility, specifically ASBs, in the SEQ region, Australia. By exploring the perceptions and attitudes of individuals based on factors such as gender, age, education, employment, income, household size, residential location, and the possession of a driver’s license, we gained insights into the opportunities and challenges associated with these innovative transportation services in urban areas.



The findings from the present study provide valuable insights for alleviating concerns and increasing the adoption of automated driving and ride-sharing technologies (ADRT) in the Southeast Queensland (SEQ) region. These insights can serve as a useful guide for planners, suppliers, and policymakers, helping them cater to the demands and preferences of current and potential users, considering the variations in socio-demographic characteristics.



Our findings revealed the following key points: (i) the primary perceived opportunity of ASBs was the potential to reduce congestion and emissions, while the main anticipated challenge was related to concerns about the reliability of the technology; (ii) fully employed respondents showed greater familiarity with autonomous vehicles (AVs), while females and individuals from lower-income households had less experience riding in any form of AV; (iii) male respondents, younger individuals, those with higher employment and incomes, and individuals without a driver’s license held a more favourable opinion of ASBs. Additionally, male respondents, those with higher employment and incomes, and those without a driver’s license expressed greater concern about traffic accidents when using ASBs. Less-educated respondents and individuals living in peri-urban areas were more concerned about fares.



We employed a methodological approach utilizing binary and ordinal logistic regression modelling to understand the significance of socio-demographic variables in predicting changes in travel characteristics. This approach, supported by odds ratios, allowed us to analyse how variations in socio-demographic factors affected the likelihood of changes in travel characteristics. By identifying significant predictor variables and their odds ratios for each travel characteristic, our methodology provided valuable insights to inform policies and practices in order to address key issues (e.g., safety concerns) and target specific groups (particularly females) when planning public communication strategies to enhance receptiveness to ADRT.



To promote the adoption and future uptake of ADRT, policymakers should focus on fostering favourable attitudes (e.g., highlighting perceived opportunities) and addressing existing unfavourable attitudes (e.g., addressing perceived challenges). Our findings emphasize the importance of avoiding pilot operations that lead to negative experiences and fail to meet mobility demands. Providing reliable, effective, and convenient ADRT services is crucial for alleviating prospective users’ concerns. Measures such as information screens and easy, obstacle-free access to vehicles can compensate for the absence of a driver, as suggested by Pigeon et al. [27]. In terms of deployment locations for ADRT, normal urban traffic conditions are currently perceived as less acceptable. Instead, deployment in secure contexts, such as dedicated routes, campuses, or areas with no existing public transport links such as peri-urban regions, is generally seen as desirable.




7. Limitations and Future Research


While conducting this research, certain simplifications were made, which may have resulted in limitations to the present study. Most survey respondents had no experience riding in an ASB, and thus some of our conclusions are based on prospective users’ perceptions (stated preference) rather than actual users’ opinions (revealed preference), which may limit their generalizability. Future research could include individuals who have used these services once they become available, as demonstrated by Dennis et al. [81] in their study on autonomous shuttles. Longitudinal studies exploring adoption attitudes over different time intervals could also provide valuable insights by recognizing patterns over time and identifying significant outcomes [28].



It is worth noting that our study, like most previous quantitative surveys, primed respondents by listing specific potential opportunities and challenges associated with ASBs before assessing their opinions. This approach may lead individuals to perceive these issues as potential problems, even if they have minimal influence on their decision to use ASBs. An alternative approach to enhance ASB adoption could prioritize communication on aspects of deployment that users consider more important, to alleviate existing concerns, rather than addressing perceived problems of low importance. To facilitate this, data collection procedures should allow respondents to proactively raise issues, rather than directing their attention to aspects of ASB deployment they may not have considered otherwise [38,39].



While the target respondents of our study were the public, it is important to acknowledge that the benefits of ADRT might be particularly significant for the transport-disadvantaged population. Further studies can focus on specific socio-demographic groups in more detail, such as elderly individuals and people with disabilities, to better understand their demands and challenges [27,44].



In future research, the methodology employed in this study can be replicated for the SEQ region. By comparing results between panel data, reasons for similarities and differences in travel characteristics over time can be investigated, particularly in response to geographical and socio-demographic shifts, as well as changes in policy and practice related to personal transport. This methodology is directly transferable to different regions, allowing for comparisons to identify similarities and differences in travel characteristics between different areas.



Further research will employ structural equation modelling with this dataset to gain deeper insights. Cross-referencing the results of this study will help determine the implications for each methodology and enable a comprehensive interpretation of findings. An extensive hypothesis testing approach is likely to benefit the analysis [82,83,84].
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Figure 1. The map of the study area [64]. 
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Figure 2. Introductory photos of ASBs presented to the survey participants regarding ADRT. 
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Figure 3. Demographic characteristics of SEQ respondents. 
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Figure 4. Summary of responses for travel characteristic variables. 
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Figure 5. Summarized AV knowledge and experience response variables. 
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Figure 6. Perceived opportunities of autonomous shuttle buses (ASBs) compared to conventional shuttles (%). 
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Figure 7. Perceived concerns of autonomous shuttle buses (ASBs) (%). 
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Figure 8. Autonomous shuttle bus (ASB) adoption choice. 
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Table 1. Significant binary logistic models of AV exposure to socio-demographic predictor variables.
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Response Variable Model

	
Omnibus Sig.

	
Predictor Variable

	
Std. Error

	
Wald Sig.

	
OR

	
OR 95% Wald C.I.




	
Lower

	
Upper






	
AV Knowledge

	
0.038

	
Employment

	
0.140

	
0.038

	
1.335

	
1.015

	
1.755




	
AV Experience

	
0.002

	
Gender (male)

	
0.408

	
0.018

	
2.635

	
1.184

	
5.860




	
Household Inc.

	
0.142

	
0.015

	
1.411

	
1.069

	
1.861
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Table 2. Significant OLM of attitudinal characteristics to socio-demographic predictor variables.
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Response Variable Model

	
Omnibus Sig.

	
Parallel Lines Sig.

	
Predictor Variable

	
Std. Error

	
Wald Sig.

	
OR

	
OR 95% Wald C.I.




	
Lower

	
Upper






	
Perceived opportunities of ASBs




	
More efficient

	
0.000

	
0.541

	
Age

	
0.087

	
0.001

	
0.742

	
0.626

	
0.881




	
Household Inc.

	
0.066

	
0.032

	
1.153

	
1.011

	
1.315




	
Household Inc.

	
0.068

	
0.001

	
1.263

	
1.106

	
1.442




	
Less congestion and emissions

	
0.001

	
0.493

	
Age

	
0.088

	
0.001

	
0.757

	
0.637

	
0.899




	
Fewer driver errors

	
0.003

	
0.153

	
Age

	
0.087

	
0.004

	
0.780

	
0.658

	
0.924




	
Easy to learn how to interact/travel

	
0.000

	
0.783

	
Age

	
0.088

	
0.003

	
0.770

	
0.647

	
0.915




	

	

	
Household Inc.

	
0.068

	
0.001

	
1.263

	
1.106

	
1.442




	
Safer

	
0.007

	
0.052

	
Age

	
0.086

	
0.008

	
0.796

	
0.674

	
0.939




	
More attractive

	
0.000

	
0.131

	
Age

	
0.098

	
0.000

	
0.709

	
0.584

	
0.861




	
Employment

	
0.138

	
0.036

	
1.337

	
1.014

	
1.762




	
Drivers Lic (yes)

	
0.331

	
0.009

	
0.423

	
0.221

	
0.809




	
Age

	
0.098

	
0.000

	
0.690

	
0.570

	
0.834




	
Household Inc.

	
0.068

	
0.024

	
1.165

	
1.020

	
1.331




	
More positive attitude

	
0.000

	
0.124

	
Gender (male)

	
0.247

	
0.040

	
1.660

	
1.018

	
2.708




	

	

	
Drivers Lic (yes)

	
0.331

	
0.009

	
0.423

	
0.221

	
0.809




	

	

	
Age

	
0.098

	
0.000

	
0.690

	
0.570

	
0.834




	

	

	
Household Inc.

	
0.068

	
0.024

	
1.165

	
1.020

	
1.331




	
Perceived challenges of ASBs




	
Higher fare

	
0.008

	
0.529

	
Res Location (peri-urban)

	
0.228

	
0.044

	
1.584

	
1.012

	
2.479




	

	

	

	
Education

	
0.136

	
0.031

	
0.746

	
0.571

	
0.973




	
Traffic accidents

	
0.003

	
0.472

	
Gender (male)

	
0.227

	
0.028

	
1.647

	
1.055

	
2.570




	

	

	

	
Drivers Lic (yes)

	
0.327

	
0.037

	
0.506

	
0.267

	
0.959








OLM: ordinal logistic models; ASBs: autonomous shuttle buses; OR: odds ratio; C.I.: confidence interval.
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