

  sustainability-15-16180




sustainability-15-16180







Sustainability 2023, 15(23), 16180; doi:10.3390/su152316180




Article



What Makes Parents Consider Shared Autonomous Vehicles as a School Travel Mode?



Mahsa Aboutorabi Kashani 1, Salehe Kamyab 1, Amir Reza Mamdoohi 1,2,* and Grzegorz Sierpiński 3





1



Faculty of Civil & Environmental Engineering, Transportation Planning Department, Tarbiat Modares University, Tehran P.O. Box 14115-111, Iran






2



Department of Civil, Geological & Mining Engineering, Polytechnique Montréal, Montréal University, Montréal, QC H3C 3J7, Canada






3



Department of Transport Systems, Traffic Engineering and Logistics, Faculty of Transport and Aviation Engineering, Silesian University of Technology, 44-100 Gliwice, Poland









*



Correspondence: armamdoohi@modares.ac.ir; Tel.: +98-21-8288-4925







Citation: Aboutorabi Kashani, M.; Kamyab, S.; Mamdoohi, A.R.; Sierpiński, G. What Makes Parents Consider Shared Autonomous Vehicles as a School Travel Mode? Sustainability 2023, 15, 16180. https://doi.org/10.3390/su152316180



Academic Editors: Leonardo Caggiani, Socrates Basbas and Luigi Pio Prencipe



Received: 12 August 2023 / Revised: 11 November 2023 / Accepted: 14 November 2023 / Published: 22 November 2023



Abstract

:

The integration of shared mobility and autonomous vehicles (AVs) could potentially change the way parents decide to transport their children to and from school. A better understanding of the factors influencing parents’ intentions to use shared autonomous vehicles (SAVs) for school transportation is necessary to enhance their children’s mobility. Unlike prior research, this paper significantly contributes to the literature by exploring the impacts of socioeconomic, travel-related, and psychological factors and their interactions. Using Google Forms for an online survey, the authors collected 1435 valid responses from parents in Kerman city schools in Iran. The estimation results of the generalized ordered logit model indicate the significant impact of parents’ socioeconomic status (occupation, education, income), travel behavior (accident experience, crash severity, travel cost), and attitude (innovativeness, perceived usefulness, environmental concern, pro-driving, safety), and their children-related factors (gender, the most frequently used travel mode, the possibility of tracking the child). The findings show that an increase in parents’ education, perceived usefulness, and environmental concern increase the likelihood of their intentions to use SAVs. Finally, based on the findings, several implications are suggested to increase parents’ intentions to use SAVs for transporting their children and to make SAVs a safe, affordable, and sustainable transport solution.
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1. Introduction


There has been a growing concern about the safety of school children, especially primary and secondary school students, whose ages usually range from 5 to 14 years as a subgroup of vulnerable individuals (e.g., those without a driving license, children, elderlies, and people with disabilities) [1]. Worldwide, it is estimated that approximately 186,300 children lose their lives in road traffic incidents each year, making it the leading cause of death among children aged 5–14 [2]. Many children are dependent on their parents or other adults to accompany them to the school [3,4,5], but some parents often feel inconvenienced when transporting their children to and from school because parents’ working hours often overlap with their children’s school hours, leading to time conflicts [6,7]. But to ensure their children’s safety, many parents drive them to and from school [8,9]. On the other hand, commuters and young couples are more interested in autonomous vehicles (AVs) than couples with children. This is likely because couples with children are more concerned about the safety of their children and the lack of clear policies and regulations governing AVs [10,11]. Therefore, a reliable and safe school travel mode that provides affordable, accessible, independent, and sustainable mobility could be an appealing solution for parents.



AVs provide parents with greater convenience and freedom when it comes to transporting their children to and from school due to the development of autonomous driving technology. Many studies have shown that AVs could actually enhance passenger safety by eliminating human error, which is the cause of 90% of crashes [12,13,14,15,16]. However, the price of AVs will be higher than conventional vehicles, and they would increase travel distance and trips made by single-occupancy vehicles, which is in conflict with sustainable transportation development [17,18]. Therefore, policymakers may not generally support this type of motorized alternative, and shared use of this technology, called shared autonomous vehicles (SAVs), are likely to become more popular in the future. Dynamic ride-sharing (DRS) services, a service form of SAVs, enable children to share their trips to and from school with other students, which leads to a reduction in travel costs [19].



Even though SAVs offer many benefits [20,21], many concerns still remain regarding their safe operation, security, privacy, and design [22,23,24,25]. For example, as a result of an international adult sample, only 11% were inclined to use AVs for transporting their children, far less than the 22% who would not use AVs at all [26]. Therefore, the identification of factors motivating individuals to embrace new technologies and lessen their resistance to change is a crucial step in guaranteeing the successful implementation of any new policy [27,28,29,30]. In light of this, the authors of this paper sought to gain a better understanding of the factors influencing the intentions of parents to transport their children to and from school using SAVs. Moreover, based on the results, several implications for policy and practice are suggested to develop a suitable SAV service as a school travel mode. In this study, the authors aimed to answer questions such as “What factors significantly influence parents’ usage intention to permit their children to travel unaccompanied to school?”, “Among these significant factors, which ones have the greatest impact on parents’ intentions?”, and “Which factors show the heterogeneity among the intention levels of respondents?”. One of the main novelties of our research is that, unlike previous studies, we have examined the effects of socioeconomic, travel-related, and attitudinal factors, and their interactions as a form of systematic heterogeneity. Furthermore, to the best of our knowledge, the integration of SAVs and DRS as a school travel mode has received less attention in previous studies, as most of them have focused on AVs. In addition, we used an intricate method (i.e., generalized ordered logit model) to consider the ordinal nature of the dependent variable (i.e., intention to use) and the heterogeneity among the levels of usage intention. Finally, most of the previous studies have been conducted in developed countries, and less attention has been paid to this topic in developing countries.



The remainder of paper is organized as follows: prior studies in the context of using SAVs/AVs as a school travel mode are presented in Section 2. Section 3 introduces the methodology, including the research method, survey process, and preliminary data analysis. Section 4 presents the estimation results, a critical discussion of the findings, and recommendations for policy and practice. In Section 5, the authors provide a conclusion, as well as some suggestions for future research.




2. Literature Review


There have been many studies investigating the determinants behind school travel modes. In this section, we focus on the factors affecting parents’ usage intentions of AVs to send their children to school, which are very limited in the literature (Table 1). Prior studies can be classified based on the considered methodology and factors affecting parents’ willingness/intentions to use automation technology for their children’s school travel mode. For instance, in the following paragraphs, we review the studies that considered any combination of socioeconomic, travel-related, or psychological factors. Then, the gaps in each study are mentioned, followed by our formulated research hypotheses. Finally, our research contribution to the existing body of literature regarding the role of SAVs in school travel modes is presented.



In terms of the effects of socioeconomic characteristics, contradictory findings have been observed. For instance, in several studies, it has been found that the age of parents is positively associated with their intention to allow their children to travel with SAVs [7,31]. While Lee et al. [32] concluded that the parents’ age has a negative effect on their intention, no significant effect has been observed in the studies conducted by Ayala et al. [33] or Lee and Mirman [34]. In addition to parents’ age, the impact of the children’s age has also been investigated in previous studies, such as that by Lee and Mirman [34], and a positive association between the children’s age and the parents’ intentions to allow their children to use SAVs has been observed. Parents’ gender is also another factor that has been considered in previous studies. In most prior studies, it has been concluded that fathers are more likely to allow their children to use autonomous mobility as a school travel mode [7,31,32,35]; however, no significant relation was found by Ayala et al. [33] or Anania [36]. Parents’ education level is another demographic factor that positively influenced their intentions to use AVs in most studies [9,31,32,34]; however, Mao et al. [7] found no significant relationship between these two factors. Different and contradictory findings have also been reported for the effect of income on parents’ intention. Although Lee et al. [32] found a positive impact of income on parents’ intention, Lee and Mirman [34] and Mao et al. [7] found a negative and not significant correlation, respectively. The effect of familiarity with automation technology is another demographic factor that has been examined by prior studies. In most of the studies, a significant and positive relation has been found [7,9,31]. The number of children and owning a driving license were other explanatory variables that were considered by Mao et al. [7], but no significant associations were found between these variables and parents’ intentions to use automation.



Travel behavior characteristics is another category of explanatory variables that have been considered in previous studies. Experiencing any type of accident has been considered by Lee and Mirman [34] and Lee et al. [32]. However, two contradictory findings, including a negative and positive relationship, have been reported, respectively. In other words, they found that experiencing an accident could increase or decrease the likelihood of parent’s intentions to use AVs for their children’s school travel mode. In addition, Mao et al. [7] examined the influence of travel distance and driving frequency, and a positive and not significant correlation were found, respectively.



Attitudinal factors play a key role in exploring the intentions of individuals [17]. Consumer innovativeness, as an attitudinal construct, is the tendency of consumers to be early adopters of new products and services [37]. This factor has been considered as one of the main factors affecting individuals’ intention to use AVs. A well-established positive relationship has been reported in prior research [9,31,32,33,34], indicating that individuals with higher innovativeness are more likely to adopt autonomous mobility for their children’s school travel mode. Perceived usefulness refers to how much a person believes that using a particular technology will be beneficial to them [38]. Many studies have observed that perceived usefulness is one of the most critical factors in the acceptance of AVs [39,40,41]. The positive and significant relationship between perceived usefulness and parents’ intentions to allow their children to use SAVs as a school travel mode has also been acknowledged in previous studies [1,7,34,42,43]. Perceived risk is a latent construct that explains how consumers make decisions when they are faced with uncertainty [44]. Consumers weigh the potential benefits and risks of an intention before making a decision. In the previous studies outlined in Table 1, perceived risk leads to a lower intention of parents to use AVs as the school travel mode for their children [1,7,42,43]. Safety measures refer to the tasks that are performed to reduce the risk of harm to people, property, and the environment [45]. Despite the numerous benefits of AVs, there are still many uncertainties regarding their acceptance. Therefore, parents were asked about their preferences for route control, assurance features, and other safety measures in the vehicles to help them trust AVs. Previous studies have also confirmed the positive impact of these measures on parents’ usage intentions [9,31,32,43]. Attitude is another factor that refers to a person’s overall liking or disliking for a particular behavior [46]. Mao et al. [7] and Jing et al. [1] have concluded that attitude is a factor positively affecting parents’ intentions to use AVs.





 





Table 1. An overview of previous studies in parents’ usage intentions of AVs as their children’s school travel mode.






Table 1. An overview of previous studies in parents’ usage intentions of AVs as their children’s school travel mode.





	
Author

	
Variable

High

	
Mode 4

	
Model 5




	
Demographic 1

	
Travel-Related 2

	
Attitudinal 3






	
Ayala et al. [33]

	
P.S.; P.A.

	
-

	
C.I.

	
AV

	
Chi-square




	
Lee and Mirman [34]

	
P.A.; In; C.A.; Edu; P.S.

	
E.A.

	
C.I.; P.U.;

	
AV

	
D.A.




	
Anania [36]

	
P.S.; Na.

	
-

	
-

	
AB

	
ANOVA




	
Hand et al. [35]

	
P.S.

	
-

	
-

	
AV

	
ANOVA




	
Mao et al. [7]

	
P.A.; P.S.; In; Edu; N.C.; D.L.; Kn.

	
D.F.; T.D.

	
Att.; P.R.; P.U.

	
AV

	
HCM




	
Ma et al. [42]

	
-

	
-

	
P.R.; P.U.

	
AV

	
SEM




	
Jing et al. [1]

	
-

	
-

	
P.U.; Att.; P.R.

	
AV

	
SEM




	
Lee et al. [32]

	
P.A.; Edu; In.

	
E.A.

	
S.M.; C.I.

	
AV

	
R.F.




	
Koppel et al. [9]

	
Edu.; Kn.

	
-

	
C.I.; S.M.

	
AV/R.S.

	
L.R.




	
Koppel et al. [31]

	
P.A.; P.S.; Edu.; Kn.

	
-

	
C.I.; S.M.

	
AV/R.S.

	
L.R.




	
Tremoulet et al. [43]

	
-

	
-

	
P.R.; P.U.; S.M.

	
AV

	
Interview and F.G.








Abbreviation: (1) P.S.: parent sex; P.A.: parent age; In: income; C.A.: child age; Edu: education; Na.: nationality; N.C.: number of children; D.L.: driving license; Kn.: knowledge. (2) E.A.: experience of accident; D.F.: driving frequency; T.D.: travel distance. (3) C.I.: consumer innovativeness; P.U.: perceived usefulness; Att.: attitude; P.R.: perceived risk; S.M.: safety measure. (4) AV: autonomous vehicle; AB: autonomous bus; R.S.: ridesharing. (5) HCM: hybrid choice model; SEM: structural equation modeling; R.F.: random forest; L.R.: logistic regression; F.G.: focus group; D.A.: descriptive analysis.











Based on the literature review, it was hypothesized that the following have negative effects on parents’ high usage intention: respondents who have experienced any type of accident [34] (H1); those who are less educated [32] (H2); those who have a low income [34] (H3); those who are unemployed (H4); and those who are car-dependent [7] (H5). In contrast, it was hypothesized that the following have positive effects on parents’ high usage intention: being a female student (H6); those who are innovative [33] (H7); those who are pro-environmental (H8); those who are well-educated [32] (H9); and those who find that SAVs have the possibility of monitoring students online [31] (H10) as well as a travel mode with safe operation and rapid response during emergency situations [43] (H11).



The limitation of each prior study (listed in Table 1) indicates that only a few studies [7,32,34] have considered all the categories of explanatory variables, while each still has its own limitations. For example, in the study by Lee and Mirman [34], only a descriptive analysis (correlation) was conducted, which does not provide much insight regarding the causality relationship and is also limited to only two variables. Although Mao et al. [7] provided insightful findings, their model (HCM) ignored the ordinal nature of the dependent variable (intention to use) and the existence of heterogeneity among the usage intention behavior levels. The latter limitation is also true for the study by Lee et al. [32], who used random forest. Other studies (e.g., Koppel et al. [9,31]) have neither considered the effects of all categories of explanatory variables nor the integration of AVs and ridesharing services.



Based on the aforementioned research gaps, it can be concluded that the majority of prior studies have focused on identifying the factors influencing parents’ decisions about their intentions to use AVs [1,7,32,34,35,36,42,43], or to choose between AVs and rideshare services [9,31] to transport their unaccompanied child(ren) to and from school. However, little is known about the integration of automation and ridesharing services, which are called SAVs. This study contributes the following to the existing body of literature about children’s school travel modes: (1) To our understanding, no studies have explored the integration of ridesharing services and automation, which could provide affordable, accessible, independent, and sustainable mobility for vulnerable groups, particularly students under the supervision of their parents. (2) Few studies [7,9,31] have taken into account socioeconomic characteristics, travel behavior, and psychological factors simultaneously. (3) Although most of the prior studies have estimated regression, logistic regression, and a multinomial logit model, the current authors propose a generalized ordered logit (GOL) model to consider the ordinal nature of respondents’ usage intentions to understand the heterogeneity among the key factors associated with parents’ intentions to use SAVs to transport their unaccompanied children (for further advantages of GOL, please refer to Section 3.1).




3. Methodology


In this section, firstly, an introduction to Kerman as the study area is presented (Section 3.1). Then, the research method, a generalized ordered logit model, is presented (Section 3.3), followed by the sample characteristic (Section 3.2). Finally, the questionnaire design and survey administration (Section 3.4) is presented.



3.1. Study Area


The city of Kerman, as one of the metropolises of Iran, has an area of over 130 km2 and a population of over 738,000 people, located at a latitude 30.29 and a longitude 57.06 (Figure 1). Some major transportation-related problems of this city are car dependency, lack of suitable active travel mode infrastructure, and lack of public transportation networks, such as a subway, bus rapid transit, or light rail transit. The only public transportation system in Kerman is an insufficient and inefficient bus network, which leads to a high share of private cars (near 50%) in daily trips and an increasing trend in car ownership and dependency. In addition, the share of different school travel modes in Kerman (Figure 2) shows that almost 80% of school trips have been conducted using private cars and school vans, whereas transit accounts for only 1% of trips.




3.2. Features of the Collected Sample


The total number of collected responses was 1468, and after removing invalid or incomplete responses, 1435 valid responses were used for further analysis. The incomplete questionnaires, the ones containing outlier answers, and questionnaires with an unusual completion time were the candidates for further screening or removal. The participants, on average, took about 10 min to complete the questionnaire, with a standard deviation of 2 min. This suggests that the participants answered the questions carefully.



The frequency analysis of the socio-demographic characteristics of the respondents (Table 2) shows that more than half (67.1%) of the parents were within the age range of 55–64 years. Regarding the number of children, about 794 (55.3%) respondents had two children. The majority of participants (69.9) had two driving licenses in their household. In terms of household size, 55% of the respondents belonged to four-member households. The majority of respondents (73.1%) owned at least one car. In terms of household income, the majority of respondents (about 90%) were, at most, a middle income. According to the characteristics of the children, girls comprised a slightly higher share of our sample (53%) than boys. In terms of school grades, the authors tried to equally collect data from different grades to prevent the biases of our findings for any specific group. Due to the existence of an unreliable, unsafe, old, and poor accessible public transportation system in Kerman, only 7.6% of parents send their children to school by transit/paratransit mode. On the other hand, about 80% of the parents choose a private car or school van (a van that is shared among students for transporting them to and from school) as the most frequent modes for their children’s school trips.



Moreover, the importance of various factors, such as environmental concerns, travel cost, accident risk, the possibility of online monitoring of children at any moment, and the safety of children on the way to school (Figure 3) were explored based on the most frequent children school modes (i.e., walking, private car, transit, and school van). It can be seen that the lowest accident risk, the possibility of monitoring children online, and their safety are the most important factors for parents who use their private car to transport their children to school. In contrast, environmental concerns and costs are of greater concern to parents whose children travel to school by walking or using transit.




3.3. Generalized Ordered Logit (GOL)


This study models the intention to use SAVs as a school travel mode in children’s educational trips by applying the prominent approach of discrete choice models.



In this study, parents’ intention to use SAVs was measured as an ordinal variable. The authors have encoded this variable into three levels, namely low = 1, moderate = 2, and high = 3, to better understand the influential factors of parents’ usage intentions of SAVs.



Given the discrete and ordinal nature of the dependent variable, the authors first estimated an ordered logit model (OLM) [48,49]. The probability of parents’ usage intention can be calculated as Equation (1):


   P (  y i  > j ) =   exp (  X i   β ′  −  ϕ j  )   1 + exp (  X i   β ′  −  ϕ j  )         j = 1 , 2 , … , M − 1   



(1)




where j is the parents’ intention category, Xi is a vector containing the observed explanatory variables, β represents the vector of parameters that need to be estimated, ϕj are the cut-off points that determine the thresholds in the OLM, and M signifies the number of categories within the ordered-response variables.



One of the assumptions associated with the OLM is proportional odds, implying equal relationships between each pair of intention categories [49]. However, this assumption often has been violated and highlights the necessity of GOL model estimation. Using the OLM was required prior to utilizing the GOL model so that the authors could determine if the parallel lines assumption (or the proportional odds assumption) was violated. To confirm whether a GOL model should be employed instead of an OLM, the Brant test was utilized to examine the parallel assumption [50]. Using the Brant test, it is possible to check whether all the estimated coefficients are the same across different levels of the ordered dependent variable. When the GOL model works appropriately, the variables that satisfy the proportional odds assumption will be interpreted in the same way as in the OLM. As an advantage of GOL model, it can also handle independent variables that vary in size and direction of their effects. Furthermore, it can help researchers avoid major mistakes related to statistical significance, which could lead them to incorrectly assume that an explanatory variable has minimal or no impact on the outcome variable. Moreover, it can sometimes tackle issues of reporting heterogeneity, where different groups respond to questions in different ways. This can prevent differences in measurement across groups from being misinterpreted as differences in effects [51].



If the data satisfy the proportional odds assumption, then the OLM is considered an appropriate method for data description; otherwise, the GOL model should be used. Therefore, the coefficients of independent variables vary across different cut points of the dependent variable. The probability of parents’ intention for allowing their children to use SAVs is expressed as Equation (2) [52]:


   P (  y i  > j ) =   exp (  X i   β j ′  −  ϕ j  )   1 + exp (  X i   β j ′  −  ϕ j  )         j = 1 , 2 , … , M − 1   



(2)




where    β j ′    represents a set of parameters that are adjusted based on the specific threshold point of the model.




3.4. Questionnaire


A web-based questionnaire was designed in Google Forms to assess parents’ intentions to use SAVs as a school travel mode for their children in the city of Kerman, Iran. Before the main survey administration, 45 parents were randomly selected to participate in a pilot study, which resulted in a more comprehensible and less ambiguous questionnaire, based on their comments and feedback.



The final survey link was distributed among parents through the administration of schools in their social media groups from 12 April to 13 May 2021. Since the one-month data collection process was during the pandemic period, all the classes were held online, and all the important notifications from school were reported to the parents in Telegram groups. As a further explanation, using clustered sampling, the survey was distributed in different districts of Kerman. To avoid duplicate responses, we asked parents to fill out the school name and student ID.



The questionnaire included three main sections: (1) the travel behavior of parents and their children; (2) psychological factors; and (3) the socioeconomic characteristics of parents and their children. All the questions in the survey were derived from the literature or were customized for our study. It is worth mentioning that the objective of the survey was clearly announced to the participants, and they were assured that their responses would be anonymous and confidential. In the first section, we asked about the travel-related characteristics of the respondents using questions that have been used in previous studies (each question is cited to the corresponding paper(s)) or that were customized for this research. The respondents were asked about their travel behavior (five questions) including their most frequent school travel mode [36], monthly frequency of using a private car [7], accident experience and the corresponding severity [32,34], and frequency of using a seat belt while traveling [53]. In the second section, since SAV technology is new to the city of Kerman, a video clip preceded before asking parents’ intention to use SAVs as a school travel mode for their unaccompanied children trip to go to school using a five-point Likert scale ranging from (1) strongly disagree to (5) strongly agree [17,19]. The following is an elaboration of the video: “A self-driving vehicle, also known as an autonomous vehicle (AV), has the capability to operate and perform essential tasks independently without the need for human intervention, thanks to its ability to perceive its environment. The vehicle is equipped with a fully automated driving system that enables it to react to external circumstances in the same way a human driver would. Users can no longer drive themselves in such a vehicle, as there are no steering wheels or pedals. In the future, because of the high purchase costs of AVs, their use is expected to be more widely shared. In other words, there is no ownership of the vehicle and it is rented to the user on a temporary basis or on a predetermined schedule at specific times. Students will share their travel plans with others, and other students with similar origins and destinations join them to share their trips”. Then, psychological factors, such as attitude toward technology (six questions), attitude toward driving (five question), perceived usefulness (six question), and safety benefits (five questions) of SAVs were asked. The corresponding references of each question are presented in Table 3. Finally, the third section asked about the socio-economic characteristics (twelve questions) of the parents, such as their age, number of children, education, occupation, household car and bike ownership level, household size, status of driving license, and income, as well as their children’s characteristics (seven questions), such as gender and school grade. It should be noted that these factors were derived from the previous studies outlined in Table 1.





4. Estimation Results and Discussion


In Section 4.1, using a maximum likelihood estimator (MLE) and AMOS, the authors provide an analysis of the results obtained from a confirmatory factor analysis (CFA) to identify the significant items in the corresponding latent constructs as a prerequisite of using psychological factors in the GOL model. Following this, the estimation result of GOL as a discrete choice modeling approach (Section 4.2) is presented to determine the effect of each exogenous variable on parents’ intentions to use SAVs as their children’s school travel mode. In Section 4.3, a critical discussion of our findings is presented. Finally, a number of policy and practice recommendations are provided in Section 4.4 to increase the likelihood of using SAVs as a school travel mode.



4.1. Confirmatory Factor Analysis


To determine the relationships between latent constructs and indicators, the authors conducted a CFA using AMOS software version 24 [54]. Table 3 provides a summary of the CFA results, which include the factor loadings of items, averages, and other measures of model fit, as well as indices of validity and reliability. In order to assess the validity and reliability of the latent constructs, the authors considered the content, convergent, and discriminant validity measures. Since the items were derived from the literature, their content validity is supported. Convergent validity was examined through item reliability, average variance extracted (AVE), and composite construct reliability (CR). According to Hair et al. [55], values greater than 0.5 and 0.7 are required to demonstrate convergent validity for AVE and CR, respectively [56]. Ideally, a Cronbach’s alpha (CA) value should be 0.8 or above; however, a value between 0.5 and 0.7 is considered acceptable. In addition to CA, McDonald’s Omega (ω) was also calculated since, unlike CA, ω operates under fewer and more realistic assumptions [57]. The acceptable threshold of ω is similar to that of CA. Based on Table 3, it can be concluded that the all the aforementioned measures are greater than the acceptable thresholds. Hence, the convergent validity is also supported. According to Table 4, discriminant validity describes how constructs differ from each other. The square root of the AVEs, which is in bold font, is greater that the correlation coefficient in the corresponding rows and columns. This suggests that the test for discriminant validity is also confirmed [58].



To determine whether the hypothetical model is supported by the data, the authors used model identification indices, including chi-squares (Χ2), normed chi-squares (CMIN/df), normed fit indexes (NFI), comparative fit indexes (CFI), and the root mean square error of approximation (RMSEA) as part of the model goodness-of-fit evaluation [17]. Based on the estimated values, it can be concluded that all the necessary criteria have been satisfied.




4.2. Estimation Results of GOL Model


Initially, an OLM was estimated to investigate how various explanatory variables affect parents’ intentions to use SAVs as a school travel mode for their children. For the purpose of checking the parallel slope assumption, the Brant test was performed. The authors performed the Brant test on all coefficients, utilizing the estimated coefficients and their variances for the calculation. In addition, a test was conducted separately for each individual coefficient. According to the Brant test, the proportional odds hypothesis is rejected (  χ 2   = 20.77, p-value = 0.049), suggesting that at least one variable rejects the hypothesis. The OLM was thus respecified using a GOL model, which allowed each outcome of the endogenous variable to have a unique coefficient (refer to Table 5). In order to assess the model’s goodness of fit, pseudo-R2 was used [66].



Based on the GOL estimation results, a series of attitudinal, travel-related, and socioeconomic characteristics significantly affect parents’ intentions to use SAVs as a school travel mode for their unaccompanied children trips. The marginal effect values were also estimated, which allows for a more detailed interpretation of the results. Based on the marginal effect values, the critical factors are the interaction effect of the father’s education level (MSc degree) and environmental concern, extremely strong belief in SAV safety for passengers, the capability of SAV in quick assistance during emergency situations (e.g., accidents), experiencing property damage crash as a pedestrian, the possibility of monitoring children online in the school path (particularly girls), and the interaction effect of parents’ innovativeness and strong belief in the safe operation of SAVs, respectively. Meanwhile, in descending order, the interaction effect of education level (i.e., illiterate) and perceived usefulness, driver property damage crash experience, father’s occupation (i.e., unemployed), the interaction effect of low income and importance of travel cost, fatal crash experience, and interaction effect of attitude toward driving and using a private car as a school travel mode significantly decrease the high intentions of using SAVs as a school travel mode among parents, respectively.




4.3. Discussion


Marginal effects indicate that parents who have previously experienced property damage crash as drivers are less likely to allow their children to use SAVs. In the same way, experiencing fatal crashes two times among parents significantly decreases their high likelihood of allowing their children to be transported to and from school using SAVs. In other words, being such a parent reduces the likelihood of having a high intention of using SAVs by 5.9%. In accordance with previous studies [26], this may be due to the lower trust level of respondents to automation. The increase in innovativeness among parents who have a strong belief in the safe operation of SAVs is another factor that is positively correlated with the high intention of parents to use SAVs as their children’s school transportation mode. This is due to the fact that pro-technology parents have higher knowledge and familiarity with technologies, which has been demonstrated in previous studies [32], too. Based on the marginal effect value, it can be seen that a one-unit increase in this systematic heterogeneity is associated with a 0.5% increase in the high intention of parents. This finding is also in accordance with previous studies.



As an indication of car dependency among parents, it can be seen that increasing the attitude toward driving among parents who use a private car as their children’s school travel mode increases the likelihood of lower and moderate intentions rather than high ones. This is also aligned with the findings of Aboutorabi Kashani et al. [19]. Based on the marginal effects, an increase of one unit in this systematic heterogeneity reduces the probability of high intention by 2.9%, while it increases the likelihood of low and moderate usage intentions by 1.1% and 1.7%, respectively.



A decrease in the perception of the potential benefits of SAVs among fathers who are illiterate leads to lower and moderate intentions of letting their children travel with SAVs to school. This is due to the lower knowledge and income of these individuals, which is in accordance with the findings of Jing et al. [1] and Ma et al. [42]. However, the marginal effect value indicates that a one-unit increase in this interactive variable decreases the high intentions of parents to use SAVs as a service for their children by 19.8%.



A strong belief in the quick response of SAVs during accidents is positively related to high intentions of letting their children utilize SAVs as a school travel mode. This might be due to the facilitation conditions that are provided by SAVs, leading to a higher level of trust. According to the marginal effect value, a one-unit increase in this interactive variable increases high intentions by 4.1%. People who strongly believe that SAVs are a safe travel mode for passengers are less likely to have lower and moderate intentions, which is line with previous studies [1,42]. When this variable rises by a single unit, there are decreases in the likelihood of low and moderate intentions to use SAVs by 2.7% and 5.8%, respectively. However, the likelihood of high usage intention rises by 8.5%.



Fathers with M.Sc. degrees who are environmentally friendly are less likely to have lower and moderate intentions. This is due to the fact that SAVs are well aligned with sustainable development, and parents who are worried about the environment are more likely to use SAVs, as has been documented in prior research [19]. If this variable goes up by one unit, the likelihood of high usage intention sees a rise of 13.7% based on marginal effects. On the other hand, the probabilities of low and moderate usage intentions experience drops of 4.8% and 8.9%, respectively.



A lower likelihood of high usage intention was observed among the low-income parents who care about their children’s travel cost to school, which is in accordance with the findings of Bansal et al. [67]. In other words, being such respondents increases low and moderate intentions by 5.1% and 3.7%, respectively. Parents with daughters who prefer to continuously monitoring their student’s location are less likely to have lower and moderate intentions. Due to their fears of abuse, imaginary harassment, and social halo associated with their gender, women may be less likely to use shared mobility services [17]. Considering the marginal effect value, it should be noted that a one-unit increase in this systematic heterogeneity will increase high usage intentions by 0.9%.




4.4. Implications for Policy and Practice


Parent’s intentions to use SAVs for their unaccompanied children trips are significantly affected by their accident experiences. The manufacturer should issue a statement explaining how AVs are designed to protect passengers in the following circumstances, in order to reduce parental concerns regarding the functional risk of SAVs. Additionally, manufacturers should support the research and development of automatic driving technologies in order to ensure the safety of SAVs in a variety of situations.



Parents’ innovativeness is a psychological factor that positively influences their intentions to use SAVs as their children’s school travel mode. As an implication, by inspiring a sense of innovation among individuals, policymakers may be able to encourage them to use SAVs as a school travel mode. A free trial can be offered to first-time users as a means to encourage them to try out the service. In this way, they will be more inclined to continue to use the service in the future.



Attitudes toward driving and car dependency among parents decrease the likelihood of letting their children use SAVs. It is recommended to establish travel demand management (TDM) policies to reduce the dependency on private cars of parents and encourage them to use more sustainable travel modes, reducing their dependence on private cars. In addition to increasing taxes and related costs associated with households’ additional cars, congestion pricing, and parking management may also be implemented to encourage car users to use shared vehicles.



To encourage parents to use SAVs for the transportation of their children to and from school, it is critical to improve their overall evaluation of SAVs. A positive introduction to the usefulness, attributes, and performance of AVs could be made by SAV manufacturers and relevant government agencies. As a result, parents may be able to better appreciate the advantages of using SAVs for child transportation, such as an improvement in parents’ time utilization value and an enhancement in the mobility of their children’s travel. A public awareness campaign about the benefits of using SAVs for child transportation might have a positive effect on parents’ attitudes and intentions toward using them.



It is critical to note that respondents’ intention to use SAVs is significantly influenced by their belief that SAVs could provide emergency services during accidents. As an implication, it is recommended that SAVs are equipped with enhanced audio and video assistant systems that can quickly assist passengers in emergency situations. Also, it is recommended that parents are invited to try SAVs through simulators and to compare how SAVs and parents react in emergency situations. When parents perceive SAVs as quick and responsive technologies, they are more likely to allow their children to use them as a mode of transportation to and from school.



Having a high environmental concern among fathers with MSc degrees is positively correlated with their usage intentions. To encourage parents to consider SAVs as a means for their children’s school commute, it is suggested that policymakers highlight the environmental advantages, such as the reduction of noise and air pollution.



The authors propose that by giving passengers the choice to select the desired number of children to share the journey with at different travel costs, service providers can potentially broaden the use of SAVs among individuals of various income levels. This approach could also contribute to more sustainable development. An additional critical factor in shaping parents’ high usage intention is the possibility of tracking their children online. It is suggested that manufacturers consider equipping SAVs with cameras to monitor the interior. This would allow parents to use their mobile phones to ensure their children’s safety while in the car. If an unusual situation arises, parents could use the camera feed to assess the situation and activate the car’s alarm via their mobile phones, potentially attracting the attention of passersby or police officers.





5. Conclusions


5.1. Findings


The estimation results of the generalized ordered logit (GOL) model reveal the significant influence of several factors on parents’ intentions to use shared autonomous vehicles (SAVs) for their unaccompanied children’s trips to school, including accident experience, parent occupation, education level, income level, the children’s gender, the possibility of monitoring the children online, the importance of cost and safety, perceiving SAVs as a quick responsive technology, attitude toward driving, perceived usefulness, and parents’ innovativeness. Among the aforementioned factors, we found that individuals who have encountered any form of accident, are less educated, have a low income, are jobless, or are car-dependent are less likely to consider SAVs for their children’s school commute. However, females, innovative individuals, environmental enthusiasts, and well-educated individuals, with the addition of the possibility of online student monitoring and ensuring the safe operation of SAVs, along with quick emergency responses, had higher intentions of using SAVs. Here is a list of some important findings:




	
Experiencing property damage/fatal accidents decreases the parents’ intentions to use SAVs;



	
Fathers with no occupation/education are less likely to allow their children to use SAVs;



	
Innovative parents who strongly believe in the safe operation of SAVs are more likely to use this technology for their children’s school travel mode;



	
Car-dependent parents have a lower intention of using SAVs for their children;



	
Parents who find that SAVs are a beneficial technology are more likely to allow their children to use SAVs;



	
Providing safety measures (e.g., online monitoring of student’s location, and rapid assistance during emergency situations) by SAVs’ service providers increases the usage intention of parents; and



	
Being a pro-environmental parent increases the likelihood of using SAVs as a school travel mode.








In terms of the most influential factors in each intention level (low, moderate, and high), the variable of low-income parents concerned about their children’s school travel costs has the greatest marginal effect value at the low intention level, indicating their lowest intentions of using SAVs. Furthermore, among the various factors that influence the moderate usage intentions of SAVs, the decrease in the perception of the potential benefits of SAVs among illiterate fathers has the greatest impact. However, fathers with an M.Sc. degree who are environmentally friendly have the highest intentions of letting their children use SAVs.



Taking a practical perspective, the research results provide us with additional insights into parents’ intentions and provide manufacturers and government officials with valuable ideas for promoting the use of SAVs for school travel.




5.2. Limitations and Suggestions for Future Studies


This study contributes to the existing body of literature about the usage intentions of SAVs for school transportation by filling previous gaps. In addition to providing insight into some of the underlying issues, this study also raises some new questions that require further investigation.



Although the modeling framework of our research can be used as the basis of future studies in other contexts, the generalization of our findings to other contexts is limited. Therefore, it is recommended to conduct a comparative study with other cities to understand the effects of context on the impact of explanatory variables.



This study used psychological, sociodemographic, and travel-related variables to examine factors associated with the intentions to use SAVs for school trips. However, the model could not take into account certain travel-related attributes found in stated preference surveys, such as travel time, waiting time, and travel cost. It is, therefore, recommended that future research examines the impact of these variables on parent’s usage intention of SAVs.



Due to the fact that the authors provided a description of SAVs, there is some uncertainty regarding how they affected the respondents’ judgments in this study. The respondents’ subjective judgments about SAVs may have been influenced to some extent by the description of SAV concepts, even though it may have provided an overview of the research topic and made them more familiar with it. Other methods can be used to help respondents better understand SAVs, such as using simulators to experience autonomous vehicles.



Finally, since SAVs are not still available in Iran’s market, this research employed a stated preference (SP) survey. Since the SP approach is based on a hypothetical situation, it is recommended to explore the revealed preferences of respondents in the future when SAVs are available on the market to better understand the determinants behind the acceptance of SAVs.
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Figure 1. The location of Kerman city [47]. 
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Figure 2. Shares of different school travel modes in Kerman. 
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Figure 3. Importance of various factors in choosing school travel mode. 
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Table 2. Descriptive analysis of explanatory variables: socio-demographic and travel-related characteristics of the respondents from Kerman.
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Variable Description

	
Value *

	
Frequency




	
Absolute

	
Relative (%)






	
Parents’ Socio-Demographic Characteristics




	
Age group (years)

	
35–44

	
12

	
0.8




	
45–54

	
160

	
11.1




	
55–64

	
963

	
67.1




	
≥65

	
300

	
20.9




	
Number of children

	
1

	
180

	
12.5




	
2

	
794

	
55.3




	
3

	
369

	
25.7




	
≥4

	
92

	
6.4




	
Household size

	
2

	
14

	
1.0




	
3

	
187

	
13.0




	
4

	
790

	
55.1




	
5

	
374

	
26.1




	
≥6

	
70

	
4.9




	
Household car ownership

	
0

	
87

	
6.1




	
1

	
1049

	
73.1




	
2

	
272

	
19.0




	
≥3

	
27

	
1.9




	
Father’s education level

	
At most, high school diploma

	
707

	
49.2




	
Apprenticeship diploma

	
190

	
13.2




	
Bachelor’s

	
340

	
23.6




	
Master’s

	
155

	
10.8




	
PhD

	
43

	
3.0




	
Number of household members possessing a driving license

	
0

	
16

	
1.1




	
1

	
261

	
18.2




	
2

	
1003

	
69.9




	
3+

	
155

	
10.8




	
Household income level

	
Very low

	
210

	
14.6




	
Low

	
434

	
30.2




	
Medium

	
646

	
45.0




	
High

	
132

	
9.2




	
Very high

	
13

	
0.9




	
Household bike ownership

	
0

	
1118

	
77.9




	
1

	
302

	
21.0




	
≥2

	
15

	
1.0




	
Child characteristics




	
Gender

	
Male (Boy)

	
674

	
47.0




	
Female (Girl)

	
761

	
53.0




	
School grade (age)

	
4th (10)

	
289

	
20.1




	
5th (11)

	
259

	
18.0




	
6th (12)

	
270

	
18.8




	
7th (13)

	
213

	
14.8




	
8th (14)

	
202

	
14.1




	
9th (15)

	
202

	
14.1




	
Most frequent transportation mode to school

	
School van

	
590

	
41.1




	
Private car

	
532

	
37.1




	
Walking

	
204

	
14.2




	
Transit and paratransit

	
109

	
7.6








* The prevalent categories are highlighted in grey.













 





Table 3. The results of reliability and validity evaluation of the measurement model.






Table 3. The results of reliability and validity evaluation of the measurement model.





	
Construct

	
Item

	
Mean

	
Factor Loadings

	
CA

(ω)

	
CR

	
AVE






	
Attitude toward technology

	
The disadvantages of technologies are more than their advantages [59].

	
3.04

	
0.958

	
0.880

(0.889)

	
0.865

	
0.572




	
I am not open-minded toward new products [60].

	
3.21

	
0.749




	
I am excited about the possibilities offered by new technologies [61]

	
3.36

	
−0.848




	
If I heard about new technologies, I would look for ways to try it [59].

	
3.49

	
−0.626




	
Among my peers, I am usually the first to try out new technologies [59].

	
3.39

	
−0.522




	
Attitude toward driving

	
I prefer not to be responsible for driving a car [62].

	
2.76

	
0.951

	
0.805

(0.823)

	
0.821

	
0.545




	
In a car, I prefer being the driver rather than the passenger [62].

	
3.40

	
−0.742




	
I like driving a car [62].

	
3.17

	
−0.683




	
I prefer not to drive in a regular path [63].

	
2.89

	
0.509




	
Perceived usefulness

	
SAVs will reduce traffic congestion [64].

	
3.74

	
0.798

	
0.905

(0.905)

	
0.906

	
0.616




	
SAVs would enable me to save time [64].

	
3.66

	
0.807




	
SAVs will reduce emissions [64].

	
3.81

	
0.774




	
Using SAVs would increase my productivity [65].

	
3.99

	
0.785




	
SAVs will reduce parking spaces [63].

	
3.82

	
0.766




	
SAVs will enhance my well-being [63].

	
3.97

	
0.779




	
    χ 2  = 1194.866   ( p < 0.001 ) ;   C M I N   d f   = 3.112 ;   G F I = 0.946 ;   N F I = 0.958 ;   C F I = 0.971 ;   R M S E A = 0.038   ( C I 90 * : [ 0.036 , 0.41 ] )   








* CI90 indicate the confidence interval at a 10% significance level.













 





Table 4. Correlation matrix and discriminant validity results.
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	Construct
	1
	2
	3





	1
	Attitude toward technology
	0.756 *
	
	



	2
	Attitude toward driving
	−0.081
	0.738
	



	3
	Perceived usefulness
	0.108
	−0.063
	0.784







* Bold numbers are the square root of AVE.













 





Table 5. Estimation results of GOL model of parents’ intentions to use SAVs as a school travel mode.
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Variable

	
Moderate

	
High

	
Marginal Effect




	
Coef.

	
P > |z|

	
Coef.

	
P > |z|

	
Low

	
Moderate

	
High






	
Experiencing property damage crash several times as a driver

	
−0.592

	
0.067

	
−0.521

	
0.020

	
0.043

	
0.066

	
−0.109




	
Experiencing fatal crashes more than two times

	
−0.670

	
0.014

	
−0.282

	
0.151

	
0.048

	
0.010

	
−0.059




	
Father’s occupation: Unemployed

	
−0.654

	
0.086

	
−0.523

	
0.062

	
0.047

	
0.062

	
−0.109




	
Attitude toward technology × Strong belief in the safe operation of SAVs

	
0.034

	
0.142

	
0.024

	
0.081

	
−0.002

	
−0.003

	
0.005




	
Attitude toward driving × Use a private car as school travel mode

	
−0.155

	
0.053

	
−0.137

	
0.010

	
0.011

	
0.017

	
−0.029




	
     I l l i t e r a t e   F a t h e r    P e r c e i v e d   U s e f u l n e s s      

	
−0.576

	
0.280

	
−0.950

	
0.023

	
0.042

	
0.157

	
−0.198




	
Strongly perceive SAVs as enhanced emergent-assisted technology during accidents

	
−0.082

	
0.582

	
0.195

	
0.028

	
0.006

	
−0.047

	
0.041




	
Strong and very strong belief in SAV as a safe travel mode for passengers

	
0.373

	
0.009

	
0.406

	
0.000

	
−0.027

	
−0.058

	
0.085




	
Father with M.Sc. degree × Having high environmental concern

	
0.662

	
0.367

	
0.655

	
0.086

	
−0.048

	
−0.089

	
0.137




	
Having low income × High importance of cost in choosing school travel mode

	
−0.711

	
0.138

	
−0.422

	
0.102

	
0.051

	
0.037

	
−0.088




	
Girl student × High importance of online monitoring of student location

	
0.071

	
0.100

	
0.042

	
0.144

	
−0.005

	
−0.004

	
0.009




	
Constant

	
1.332

	
0.000

	
−1.581

	
0.000

	

	

	




	
Model statistics

	

	

	

	

	

	

	




	
Number of observations

	

	

	
1435

	

	

	

	




	
Log-likelihood at convergence

	

	

	
−1078.663

	

	

	

	




	
Restricted log-likelihood

	

	

	
−1162.22

	

	

	

	




	
   Pseudo    R 2    

	

	

	
0.0