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Shared autonomous vehicle services (i. e., automated shuttles, AS) are being deployed globally and may improve older adults (>65 years old) mobility, independence, and participation in the community. However, AS must be user friendly and provide safety benefits if older drivers are to accept and adopt this technology. Current potential barriers to their acceptance of AS include a lack of trust in the systems and hesitation to adopt emerging technology. Technology readiness, perceived ease of use, perceived barriers, and intention to use the technology, are particularly important constructs to consider in older adults' acceptance and adoption practices of AS. Likewise, person factors, i.e., age, life space mobility, driving habits, and cognition predict driving safety among older drivers. However, we are not sure if and how these factors may also predict older adults' intention to use the AS. In the current study, we examined responses from 104 older drivers (Mage = 74.3, SDage = 5.9) who completed the Automated Vehicle User Perception Survey (AVUPS) before and after riding in an on-road automated shuttle (EasyMile EZ10). The study participants also provided information through the Technology Readiness Index, Technology Acceptance Measure, Life Space Questionnaire, Driving Habits Questionnaire, Trail-making Test Part A and Part B (TMT A and TMT B). Older drivers' age, cognitive scores (i.e., TMT B), driving habits (i.e., crashes and/or citations, exposure, and difficulty of driving) and life space (i.e., how far older adults venture from their primary dwelling) were entered into four models to predict their acceptance of AVs—operationalized according to the subscales (i.e., intention to use, perceived barriers, and well-being) and the total acceptance score of the AVUPS. Next, a partial least squares structural equation model (PLS-SEM) elucidated the relationships between, technology readiness, perceived ease of use, barriers to AV acceptance, life space, crashes and/or citations, driving exposure, driving difficulty, cognition, and intention to use AS. The regression models indicated that neither age nor cognition (TMT B) significantly predicted older drivers' perceptions of AVs; but their self-reported driving difficulty (p = 0.019) predicted their intention to use AVs: R2 = 6.18%, F (2,101) = 4.554, p = 0.040. Therefore, intention to use was the dependent variable in the subsequent PLS-SEM. Findings from the PLS-SEM (R2 = 0.467) indicated the only statistically significant predictors of intention to use were technology readiness (β = 0.247, CI = 0.087-0.411) and barriers to AV acceptance (β = −0.504, CI = 0.285-0.692). These novel findings provide evidence suggesting that technology readiness and barriers must be better understood if older drivers are to accept and adopt AS.
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INTRODUCTION

Estimates indicate that older adults are the fastest growing segment of the population, and that they want to continue to drive, or stay mobile in their communities, if driving is no longer an option. Although many of them will continue to drive, we know that some of them are outliving their driving expectancy and need to retire from driving (1). Shared autonomous vehicles services (i.e., automated shuttles, AS) are being deployed globally and may improve older adults' (>65 years old) mobility, independence, and participation in the community, if they can no longer drive, choose not to drive, or if they are seeking to use alternative forms of transportation. However, AS must be easy to use, provide safety benefits, and instill trust if older drivers are to accept and adopt this technology. General barriers to older drivers' acceptance of AVs includes lack of trust in the systems, fear that driving abilities may decline due to relying on automation, and hesitation to adopting the technologies. Although research is emerging to inform us on the perceptions of older drivers pertaining to their acceptance practices, we are not certain how demographics, technology readiness, ease of use of the technology, and the perceived barriers related to the technology, may influence their intention to use such technology. Moreover, we also expect that a restricted life space and driving history—may further impact such intention to use practices. Finally, cognitive status may be a factor underlying older adults' intention to use AVs—especially if they need to retire from driving or if they can no longer drive. As such, this study examines how age, technology readiness, perceived ease of use of technology, life space, driving habits, and cognition predict acceptance (intention to use) of autonomous shuttles (AS). Understanding the singular and collective impact of such variables, will yield information that will inform city mangers on transportation planning practices for older adults, and assist industry partners with refining, designing, and deployment tactics targeted at older adults.



LITERATURE REVIEW


Older Drivers

Due to increased longevity, worldwide patterns are unfolding suggesting that 703 million persons aged 65-plus lived across the globe in 2019—and that by 2050, one in six people in the world will be over the age of 65 (2). Our aging population in the U.S. at 40.3 million in 2019, will account for one in four adults being 65-plus by 2030—or 80 million older adults in the U.S. (3).

Old age is associated with the onset of chronic conditions, comorbidities, frailty, and increased medication use (4). However, the aging population is a heterogeneous group (5–7) group and may include a mix of healthy and active older adults; people living with chronic disease; people with mild, moderate, or severe cognitive impairment; and people with, e.g., neurodegenerative or other diseases (8). The literature studies on age-related sensory, cognitive, and motor changes and their impact on driving, are very comprehensive and indicate that such underlying factors plausibly affect fitness to drive abilities of older drivers (9–11). Older adults who experience significant cognitive and/or physical declines may reduce or stop their driving (1), limit their out of home or life space activities (12), and consequently feel isolated while also experiencing deteriorating physical and mental health (13), and an impoverished quality of life (14).



Older Drivers and Autonomous Shuttles

The AS—one mode in the family of shared mobility services (15) holds plausible opportunities to allow older drivers who require an alternative to automobile driving, to stay mobile in their communities. Particularly, the use of AS, may preserve independence in community mobility among the aging population with cognitive (and/or other) declines (16). Specific benefits of using AS are related to increased health and safety (e.g., crash prevention, driving stress reduction, increased mobility for those unable to drive); a green environment via emission reduction; progressive transportation and city planning; congestion mitigation; infrastructure development; and access to services, leisure, and employment opportunities (17–19). Interestingly, estimates indicate that the over 65-plus group will encompass approximately one third of the mobility marketplace by 2060, with the broader “Silver Economy” majorly contributing to new and related Autonomous Vehicles (AV) business models (17). However, AS must be easy to use and provide safety benefits if older drivers are to accept and adopt this technology (20).

Despite current barriers to older drivers accepting AS that include lack of trust in the systems (21, 22) and hesitation to use the emerging technology (23, 24), research indicates that their perceptions change, positively, after being exposed to an AS, operating at Level 4 of automation (15, 25). Some researchers have assessed user perceptions (alone) via survey (26–29), while others have reported on favorable passenger experiences in AS after riding it (30). For example, such riders were positive toward the low travel speeds, observing the shuttle's ability to detect objects (e.g., cyclist next to a shuttle), the control of the shuttle, and access to an emergency button in shuttle. In a recent study, researchers identified specific factors, i.e., using other modes of transportation (e.g., bicycle or public transit), miles driven by car, income, male gender, and living in urban areas, as positive predictors of older adults' perceptions to use autonomous driving features (31).



Older Drivers' Acceptance and Adoption Practices of Technology

The literature indicates that four constructs are important to consider for older adults' acceptance and adoption practices pertaining to AV technology (32–36). These are: technology readiness, perceived ease of use, perceived barriers, and intention to use the technology, next discussed.


Technology Readiness

The Technology Readiness Index 2.0 [TRI; (32, 37)] is a measure determining optimism, innovativeness, discomfort, and insecurity of participants pertaining to new technologies on a 6-point scale, measuring the variables from 6 = very desirable to 1 = very undesirable. This multi-item scale yields acceptable psychometrics, and although not geared toward the older adults specifically, examines individual's readiness to use technology across the four categories (optimism, innovativeness, discomfort, and insecurity).



Perceived Ease of Use

This factor is contained within the Technology Acceptance Model [TAM; (33)]. The TAM, widely used in the literature to determine older adults' acceptance of information technology, explains about 40% of the variance in individuals' intention to use technology, and helps to understand user ease of use of the technology (34). Limitations, however, pertains to the TAM's lack of predicting cost, cultural differences, and social aspects of decision making in acceptance of such technology (35).



Perceived Barriers of AV Acceptance

The Autonomous Vehicle User Perception Survey [AVUPS; (36, 38)] contains three subscales (i.e., intention to use, perceived barriers, and well-being) and a total acceptance score. The AVUPS showed acceptable face validity and the mean content validity index was 96% (38). The total AVUPS scores for test-retest reliability (N = 84) were significantly and strongly correlated with excellent reliability (ρ = 0.76, p < 0.001, ICC = 0.95). The separate Mokken scale scores for test-retest were also significantly and strongly correlated with excellent reliability: i.e., intention to use (ρ = 0.80, p < 0.001, ICC = 0.93), perceived barriers (ρ = 0.73, p < 0.001, ICC = 0.87), and well-being (ρ = 0.72, p < 0.001, ICC = 0.84) (36). Because the construct validity indicated that either of the three separate Mokken subscales (i.e., intention to use, perceived barriers, and well-being), and/or the total acceptance score can be used to quantify users' perceptions of AVs (36), this tool may be used as a valid indicator for assessing older adults' perceived barriers, as well as their intention to use AVs.




Person Factors as Predictors of AV Technology Acceptance

From the older driver literature, we know that person factors, i.e., age, life space mobility, driving habits, and cognition all predict driving safety among older drivers (6, 12, 39, 40). However—what is not known is if and how these factors will also predict older adults' intention to use the AS as a shared mobility service.


Life Space

Life space mobility indicates patterns of functional mobility that may change over time (6). Particularly, Stalvey et al., defines life space as the “spatial extent of an older person's mobility” (12). These researchers developed the Life Space Questionnaire (LSQ) as a reliable and valid measure to determine the mobility and independence of community-dwelling older populations over time. Life space mobility as a concept, is widely documented in the older driver literature, and is associated with personal, cognitive, functional, environmental, and social factors that affect how people live their day-to-day lives (6, 41). In a comprehensive review of the literature, conducted from 2010 to 2020, Johnson et al. (6) surmise that life space can be understood as an independent or dependent variable in older adults. Particularly, as an independent variable, life space is predictive of cognitive declines, admissions to nursing homes, falls, decreased quality of life, and mortality (42–45). Likewise, as a dependent variable, life space is associated with impairment in walking, various modes of transportation use, and car driving in older male and female adults (40, 46). It seems reasonable to surmise that a decline in life space mobility may lead to an increased desire to use the AS as a viable transportation option.



Driving Habits

Aging is associated with increased adoption of self-regulation strategies (e.g., limiting driving to only drive in optimal conditions, avoiding night driving or driving in traffic, or seeking alternative forms of mobility), driving fewer days per week, failing an on-road assessment, and unsafe driving such as observed in violations, crashes and/or citations, or driving cessation (7, 47–50). Such driving habits are generally assessed in the older driver literature via the Driving Habits Questionnaire [DHQ; (50)]. However, we do not know if declining driving habits, assessed by the DHQ, are associated with AS acceptance practices—and a general review of the literature yielded no findings to support (or not) this statement.



Cognition

Cognitive declines may lead to a deterioration in driving performance and essentially be a plausible factor underlying unsafe driving over time (51). According to researchers (39, 52, 53), cognitive predictors of older drivers failing an on-road evaluation, or being crash involved include: decreased visual attention [i.e., sustained, divided, selective, or switching attention (54)]; decreased visual processing speed [i.e., amount of time needed to make a correct judgment about a visual stimulus (55)]; decreased spatial abilities [i.e., generation, retention, retrieval, and transformation of visual-spatial information (56, 57)]; and decreased reaction time, [i.e., being able to respond quickly and carry out tasks concurrently (58)]. Moreover, impaired executive functioning [i.e., control and coordination of cognitive operations including planning, reasoning, problem solving, decision-making, judgement (59, 60)]—may lead to a degradation of driving tasks in older drivers (16). What is not clear from the current literature is if and how impaired cognitive abilities predictive of poor driving performance may also be telling of older adults' AV acceptance practices.



Summary

Although some of the aforementioned factors inform us on older driver perceptions pertaining to accepting AV technology, we are less informed about how these factors, combined with person factors, may be predictive of older adults' intention to use the AS as a viable mode of transportation.




Rational and Significance

Our country and the world are aging. Yet, the desire to stay mobile and to participate in their communities are paramount among older adults. Age-related declines are affecting the safety and fitness to drive abilities of older drivers which eventually impair their independence in community mobility and participation in society. Although autonomous vehicle technologies, specifically the AS, a shared mobility service, holds plausible community mobility opportunities for older adults, we do not yet understand the effect of age, technology readiness/use/barriers, life space mobility, driving habits, and cognition—as singular or cumulative predictors of intending to use such technology.



Assumptions

Based on the literature, and our past and current findings on older drivers' acceptance practices of AS, we have formulated four assumptions: (1) older age (vs. younger age) will be a barrier of AS acceptance; (2) decreased cognitive status will be a barrier in AS acceptance; (3) driving habits (i.e., increased driving difficulty, crashes and/or citations) will positively predict AS acceptance; and (4) decreased life space mobility will positively predict AS acceptance. Finally, we anticipated that the predictor variables will singularly or cumulatively explain the eventual acceptance and adoption practices of older drivers—and hence we developed a conceptual model to explore the multi-variate relationships.



Purpose

The primary purpose of this paper is to examine if age, technology readiness/use/barriers, life space, driving habits, and cognition are predictors of older adults' intention to use the technology. This information is critical to help inform city managers and transportation planners as they develop AS deployment practices. Likewise, findings will be very relevant to industry partners, who must refine design factors, to provide ubiquitous access and acceptability to older adults if they are to use the AS.




METHODS

The University's Institutional Review Board (IRB#201801988) provided approval for the study and all participants consented to enroll and participate in the study. Participants received $25.00 upon completing the study.


Design

This is a secondary analysis from a pre-posttest experimental design study (15). For this study we utilized surveys at baseline and after exposure to the automated shuttle (AS). We enrolled participants who were recruited from community partner interactions, older driver stakeholders, flyers placed in community settings, and Facebook groups. Detailed methodology and research protocol are discussed in our previous publications (15, 36, 38).

Community-dwelling older drivers (N = 104) were included in the parent study if they were 65 years of age or older, had a valid drivers' license, and had driven in the last 6 months. They were excluded if they scored <18 Montreal Cognitive Assessment (MoCA) or were unable to communicate in English. In this study, older drivers were relatively independent as the eligibility criteria reduced heterogeneity of our sample by excluding individuals that displayed signs of impaired cognition, required routine assistance, and no longer maintained a valid drivers' license or driving exposure.



Equipment

The EasyMile EZ10 automated shuttle (SAE Level 4) operated with a safety operator in the vehicle, on a pre-designated route in a deserted bus depot (see Figure 1). The deserted bus depot was located in an urban environment next to a park, restaurants, and a new bus depot with various forms of transportation. The AS operated at roughly 15 miles per hour without the presence of ambient traffic or pedestrians. The AS ride was about 10 min in duration, between the hours of 9 AM and 4 PM, in an area with no traffic, bicyclists, or pedestrians, and in good weather conditions. Initially six participants were allowed in the shuttle, but due to COVID-19, we accommodated two participants in the shuttle. All the participants and research team adhered to CDC guidelines for COVID-19 prevention.


[image: Figure 1]
FIGURE 1. The EasyMile EZ10 automated shuttle (SAE Level 4).




Procedure

The detailed study protocol is available from Classen et al. (25). We are only discussing the procedure relevant to this analysis. As such, during the first visit, participants completed a demographic medical history form (61), TRI 2.0 (37), TAM (33), Automated Vehicle User Perception Survey [AVUPS; (36, 38)], Life Space Questionnaire [LSQ: (12)], DHQ (50), and the TMT A and B (62). Prior to riding in the AS, participants were instructed to remain seated while the shuttle operated. During the route, the safety operator detailed capabilities and features of the AS. The AVUPS was completed again during their final visit, i.e., after being exposed to both the autonomous shuttle and simulator. (Note, the simulator data are not analyzed in this study.)



Measures

Independent variables for the exploratory path model included the following:

Age. The only variable used from the demographic medical history form for this analysis was age.

Technology Readiness. Four items were used from the Technology Readiness Index 2.0 [TRI; (37)], representing the validated domain, optimism (see Table 1).


Table 1. Items, item factor loading, internal consistency (α), average variance extracted (AVE), and construct reliability (CR) for the PLS-SEM (N = 104).

[image: Table 1]

Perceived Ease of Use. Four items were used from the Technology Acceptance Model [TAM; (33)], representing the validated domain, perceived ease of use (see Table 1).

Perceived Barriers to AV Acceptance. Six items were used from the perceived barriers, a sub-scale of the AVUPS (36). The items and their loadings are indicated in Table 1.

Life Space Questionnaire [LSQ: (12)]. The LSQ, is a valid and reliable measure to ascertain how far older adults venture from their primary dwelling. The LSQ assesses mobility via nine space-levels (bedroom/sleep area, external area of the residence, yard/driveway, community, neighborhood, town, county, state, southeast region) accessed in the prior week. Each space level is scored according to the space reached (binary) which is represented by the nine LSQ items. The total score, obtained by summing the score on each level (i.e., each item), ranges from 0 (older adult restricted to the bedroom/sleeping area) to 9 (older adult traveled outside of southeast region). Participants were informed that their study visit should not influence their LSQ responses.

Driving Habits Questionnaire [DHQ; (50)]. The DHQ contains 34 items comprised of six factors, including self-reported crashes and/or citations, driving exposure, driving space, current driving status, driving dependence, and driving difficulty. The self-reported crashes and/or citations and driving space items are answered yes (1) or no (0). Driving exposure indicates the number of self-reported miles driven in the past year. Driving space reflects six space-levels (immediate neighborhood, beyond neighborhood, neighboring towns, distant towns, outside the state of residence, outside the region). Current driving status was used as a manipulation check for the inclusion criterion, i.e., “driving within the last 6 months with a valid driver's license” and the dependence on other drivers, ranges from 1 (“I drive”) to 3 (“this person drives me”). Driving difficulty (eight items) ranges from 1 (“so difficult I no longer drive in the situation”) to 5 (“no difficulty”) on a 100-point scale. The mean score of the eight-items is subtracted by 1 and multiplied by 25. A score below 90 suggests driving difficulty. The three factors used for this analysis was self-reported crashes and/or citations, driving exposure, and driving difficulty.

Cognition: Trail Making Test Part A and Part B [TMT A and TMT B; (62)]. TMT A and B are extensively used among researchers to assess executive functions, visual–perceptual functions and visual–motor tracking of older drivers (5, 47, 63, 64). TMT A requires participants to connect numbers and involves visual scanning, number recognition, numeric sequencing, and motor speed. Trails B requires participants to connect numbers with letters, alternating between the two sequences and measuring set shifting and mental flexibility. TMT B, a proxy variable for executive functioning (subtracting TMT A from TMT B), is a predictor of on-road performance in community-dwelling older licensed drivers (65).



Dependent Variable
 
Intention to Use

The AVUPS contains intention to use as one of the sub-scales that demonstrated excellent reliability and validity (36, 38). The 13 items used in the intention to use subscale, are indicated in Table 1.




Data Analysis

Descriptive statistics were conducted for participants' age and sex. Continuous data were presented as mean (M) and standard deviation (SD). Categorical data were presented as count (n) and percentage (%).

A series of multiple linear regressions, with backward stepwise selection, were conducted to predict the outcome variables, three AVUPS subscales and the total AVUPS acceptance score. The post-exposure AVUPS scores were used as our dependent variables. The best model for each outcome variable was selected based on simplicity and Akaike information criterion (AIC). The independence of residuals was assessed via a Durbin-Watson test. The linearity was assessed via partial regression plots and a plot of studentized residuals against the predicted values. Multicollinearity and collinearity were assessed using bivariate correlations and comparison of tolerance values and variance inflation factors [>2; (66)]. The final model was cross-validated using k-fold cross validation. The predictors for all four models included age (continuous), TMT B (continuous), four domains from the driving habits questionnaire: i.e., [driving dependence (ordinal), driving exposure (continuous), driving difficulty (continuous), crashes and/or citations (binary; no vs. yes)], and life space (ordinal). MoCA scores were not entered as predictors into our models as they were used as an exclusion criterion for participant selection. The AVUPS scores were assessed for normality via visual examination (i.e., histograms and probability plots) and statistical tests (i.e., Fisher's skewness, kurtosis, and Shapiro-Wilk test). The p-values were adjusted to control for multiple comparisons using the Benjamini-Hochberg procedure (67). A p-value of <0.05 was considered significant. Data were analyzed in RStudio (68) using R version 4.0.4 (69) and the tidyverse ecosystem (70).

An exploratory path model was formulated to elucidate the relationships between, age, technology readiness, perceived ease of use, barriers to AV acceptance, life space, driving habits, and cognition to intention to use. Specifically, PLS-SEM was deployed using SEMinR software (71). All scores were used from participants' baseline intake (i.e., pre-exposure) other than intention to use, which was collected after riding in the AS. The exploratory path model (Figure 2) displays the hypothesized relationships between technology readiness (TRI optimism domain), perceived ease of use (TAM domain), barriers of AV acceptance (AVUPS subscale), life space (LSQ total score), crashes and/or citations (DHQ), driving exposure (DHQ driving exposure domain), driving difficulty (DHQ driving difficulty domain), cognition (Time to complete Trails B) to intention to use (AVUPS intention to use subscale). PLS-SEM was used due to the exploratory nature of our study, relatively small sample size, and its ability to builds upon multiple regression to investigate complex relationships between dependent and independent variables (72, 73). All scores entered into the PLS-SEM were normalized using the Blom transformation (74, 75), the most commonly deployed rank-based inverse normal transformation. Criteria used to evaluate the constructs were as follows: the (a) factor loading coefficients must be >0.5, (b) average variance explained (AVE) in each construct must be >0.5, and (c) composite reliability of each construct must be >0.7 (73). The structural model was evaluated by interpreting the magnitude of each path coefficients (β). The 95% Confidence Interval (CI) of each path coefficient was estimated by bootstrapping using the Monte Carlo method, whereby 5,000 random sub-samples were drawn with replacement from the item scores.


[image: Figure 2]
FIGURE 2. Bootstrapped pathway analysis predicting older adults' intention to use the technology.





RESULTS

The study sample (N = 104 older drivers; Mage = 74.3 ± 6.0) was predominantly White (n = 93; 89%) and consisted of 47 (45%) males and 57 (55%) females, ranging from 65 to 91 years old. The three AVUPS domain scores and total acceptance score did not differ between genders (binary) (15); thus, gender was not used as a covariate in the models. Descriptive statistics for participants' age, driving habits, and cognition are displayed in Tables 2, 3.


Table 2. Indicators of continuous independent variables: Age, cognition, and self-reported driving habits (N = 104).

[image: Table 2]


Table 3. Indicators of categorical independent variables: Driving dependence, driving space, and crashes and/or citations (N = 104).

[image: Table 3]

Four multiple linear regression models with backward stepwise selection were conducted to predict AVUPS subscales (i.e., intention to use, perceived barriers, and well-being) and the total acceptance score. Histograms displayed negatively skewed AVUPS scores and difficulty with driving (i.e., DHQ domain) which were normalized using a reflect and square root transformation. For the first model, older drivers' self-reported driving difficulty (p = 0.019) and crash and/or citation involvement (p > 0.05) predicted their intention to use AS: R2 = 6.18%, F (2,101) = 4.554, p = 0.040 (see Table 3). For the second model, dependence on other drivers (p = 0.052): R2 = 3.67%, F (1,102) = 3.875, p = 0.052 did not predict older drivers' perceived barriers to AS. For the third model, involvement in a crash or citation (p = 0.072): R2 = 2.18%, F(1,102) = 3.297, p = 0.072 did not predict older drivers' well-being related to AS acceptance. Lastly in the final model, driving difficulty (p = 0.081): R2 = 1.99%, F(2,101) = 3.101, p = 0.081 did not predict older drivers' acceptance of AS.

Discriminant validity was assured by the factor loading coefficients of each individual indicator used to identify technology readiness (0.680-0.846), perceived ease of use (0.579-0.822), barriers of AV acceptance (0.678-0.825), and intention to use (0.551-0.868) were consistently >0.5 (see Table 1). To meet this criteria, 2 of 13 items were removed from intention to use and one of six items was removed from perceived barriers. Convergent validity was assured by exceeding criteria for average variance extracted (AVE > 0.5), internal consistency (α > 0.7) and composite reliability (>0.7) for each construct (i.e., technology readiness, perceived ease of use, barriers of AS acceptance, and intention to use) with multiple indicators (see Table 1). Figure 2 displays the bootstrapped model, including the β coefficients, effect size (R2), loading coefficients (criteria: >0.5) for each construct. The effect size (R2 = 0.467) indicates that 47% of the variance in intention to use was accounted for by the predictors. Table 4 displays the significance of the path coefficients in Figure 2.


Table 4. Statistical significance of path coefficients in the structural bootstrapped model (N = 104).

[image: Table 4]

Table 4 indicates the statistical significance of the path coefficients in the structural bootstrapped model. From this model the only statistically significant differences occurred between technology readiness and intention to use to use; and barriers to AV acceptance and intention to use.



DISCUSSION

The primary purpose of this paper is to examine if technology readiness, ease of use, technology barriers, life space mobility, driving habits, and cognition are predictors of older adults' intention to use the AS.

Based on the literature, and our past and current findings on older drivers' acceptance practices of AS, we have formulated and tested four assumptions. The first assumption postulated that older age (vs. younger age) will be a barrier of AS acceptance—and this did not hold true. No obvious differences were observed between age (or genders) for AV acceptance despite the age range among the older adults with a spread from 65 to 91 years of age.

The second assumption postulated that decreased cognition will be a barrier in AS acceptance—which also was not supported by the findings. The MoCA score (M = 26.91, SD = 2.23) indicated that overall, the general cognition of the group was reasonably intact, and as such we did not detect a wide range in cognitive functioning, even given that the MoCA score of <18 was used as an exclusion criterion. The TMT B score (M = 78.66, SD = 41.26) indicates that the group had on average a faster completion time of the test (cut-off 180 s)—which is also better than the reported TMT B scores (108 s) with a statistically significant area under the curve of 0.86 to predict on-road failure in people with Parkinson's (76). However, wide variability (SD = 41.26) was noted in the TMT B scores of the older adults, suggesting that at least some of them were very likely to have had lower cognitive functioning. Yet, at least in our sample, cognition was not a predictor of the intention to use practices of older drivers.

The third assumption postulated that driving habits (i.e., crashes and/or citations, driving exposure, and increased driving difficulty) will positively predict intention to use. Just under 20% of the group had evidence of self-reported crashes and/or citations—yet this variable did not predict intention to use. Although projections from Lyman et al. indicate that future crash counts are hard to predict, they propose evidence indicating that older drivers will make up a substantially larger proportion of drivers involved in crashes (77), partly due to their increasing age, driving exposure, and need to continue to drive. Of course, a necessary mitigation strategy for avoiding crash risk is to suggest the use of an AS as a safer mode of transportation—but, it is clear that being crash and/or citation involved did not predict intention to use in our study. Likewise, even though we observed a big spread in miles driven per year (208-35,360) the older adults' exposure did not predict intention to use. Although the driving difficulty score (M = 81.21, SD = 15.24), slightly below the criterion of 90, suggests that some may have experienced a decline in fitness to drive abilities—this variable also did not predict the older adults' intention to use. From these findings, at least as they pertain to our sample, we learn that driving habits does not predict acceptance practices and as such, should not be used in such a fashion in future research.

The fourth assumption postulated that decreased life space will positively predict intention to use, which again was not the case in our study. More than half of the drivers in this study was either somewhat or totally dependent on someone to drive them, but only a minority indicated life space restrictions, as they did not travel further than “outside” their neighborhood. What is clear is that intention to use technology, especially as it pertains to autonomous vehicle technology, requires a different set of assumptions and preconditions to understand older adults' motivation to engage in such technologies. Thus, researchers need to focus on constructs that are much more telling of the indicators of older adults' successful engagement with AS.

Interestingly, our first regression model indicated, that from all the variables entered across the four models, only the first model was significant. Specifically, in this model older drivers' self-reported driving difficulty (p = 0.005) positively predicted their intention to use (Table 3). This is actually a very good sign that older drivers who are at risk, demonstrate as a group, the insight to want to use a safer mode (than driving) of transportation. However, this finding did not hold up as a significant predictor in the final SEM.

Finally, the fifth assumption postulated that predictor variables will singularly or cumulatively explain the eventual acceptance and adoption practices of older drivers—and hence we developed a conceptual model to explore the multi-variate relationships. Based on the PLS-SEM (Figure 2; Table 5), the results indicated that the path model can be used to generate hypotheses as discussed next.


Table 5. Predicting intention to use with driving difficulty and self-reported crashes and citations using backward stepwise selection.

[image: Table 5]

First, increases in technology readiness are associated with an increase (p < 0.01) in intention to use (β = −0.247). Not surprising, this finding indicates a positive relationship between those who are ready to use technology and their intention to use the AS. Specifically, the items in the optimism domain indicate that new technology “contributes to better quality of life” (item 1), “gives more freedom of mobility” (item 2), “gives people more control over their daily lives” (item 3) and “makes me more productive in my personal life” (item 4). These items set the stage for planners, policy makers and industry partners to create opportunities for older adults to experience the benefits of the current AS technologies. Such experiences may positively impact the acceptance and adoption practices of older adults as they engage with AS, as early research is starting to illustrate (15, 25).

Second, when perceived ease of use increased, there was no change in intention to use (p > 0.05). It is not clear why perceived ease of use did not predict intention to use, especially because the items indicate that: interaction with the AV is clear (item #7), does not require a lot of mental effort (item #8), easy to use (item #9), and get the AV to do what one wants to do (item #10; Table 5). One potential reason for explaining the non-significant finding is that the older adults had only one exposure—and that occurred not in traffic, but in a bus depot, which may suggest that the true ease of use was not experienced in the context of daily life.

Third, a decrease in barriers to AV acceptance (meaning fewer barriers) was associated with a statistically significant increase (p < 0.001) in intention to use (β = −0.504). This finding has important implications for stakeholders of the AV industry. These stakeholders can make a significant contribution to reducing barriers for the older drivers pertaining to AS technology. For example, some of the AVUPS items underlying the perceived barriers include item # 5 “being suspicious of AV,” item #14 “require a lot of effort to use AV,” item # 26 “I believe AV will increase number of crashes,” and #28 “I feel hesitant about using AV” (36). Addressing these barriers, via education, exposure to the technology, demonstration rides, show-and-tell rides, workshops, roundtable discussions with drivers who had (vs. not had) exposure to AS, informational videos, and neighborhood trail rides, may go a long way in helping older adults be more prone to use the AS.

Fourth, when life space increased (meaning older adults ventured further away from their residences) there was no change in intention to use (p > 0.05). This result suggests that as older drivers are able to engage in a wider life space, that they do not have the need or intent to use the AS. City managers and industry partners can play an important role here in exposing older drivers to experience the benefits of using these AS technologies, while they are still independent (and driving), vs. having to wait until they can no longer drive—and are potentially more compromised, before exposing them to the AS technology.

Fifth, when self-reported crashes and/or citations decreased, when driving exposure increased, or when driving difficulty decreased (less driving difficulty), there was no change in intention to use AS (p > 0.05). Crash and/or citation involvement, that is not predictive of intention to use, is a bit perplexing to the research team. One phenomenon to consider is that the self-reported number of crashes may be underrepresented as we did not verify the self-reports with state or police reports of crashes and/or citations (78). On the other hand, less driving difficulty and increased driving exposure may indirectly indicate that older adults are more involved in their communities, which is very favorable. This may also suggest that the older adults may not necessarily have an intention to use the AS, as long as they can continue to be independent in their driving abilities, and venture in and outside of their communities.

When cognition increased (meaning better cognitive functioning), there was no significant change in driving difficulty or intention to use (p > 0.05). We were very surprised that cognition did not predict other sub-domains and/or intention to use in the model. Some of the reasons may include that our measure, TMT B, was just not adequately sensitive to detect actual changes; or that executive functions are not as important for intention to use as other domains of the cognitive construct. It is important to note that all participants were interested and willing to participate in the study, and thus had a baseline acceptance of riding in the AS. Finally, our sample had spectrum bias pertaining to cognition, as older drivers could only participate after meeting the MoCA criterion of <18 (out of 30). Other study limitations include self-selection bias due to COVID-19 pandemic, convenience sampling due to targeting one city area in FL, participants' interest to ride in the AS, and demographics that limit generalization to other diverse populations in the state, or across other states, in the U.S.

The strengths of our study, beyond what are already discussed in previous publications (15, 25, 36, 38, 39, 65, 79) pertain to revealing important exploratory information. Particularly, we have generated knowledge telling of the role of person factors (demographics, driving habits, cognition, life space), not previously examined in the AV and older driver literature. We have also demonstrated that the assessments or questionnaires, used to determine older drivers' declining driving abilities, are not necessarily predictive of their intention to use AS. Moreover, the PSL-SEM provides an important foundation to quantify core predictors of older driver performance, as cited in the literature, including their paths, coefficients and variance, for laying the founding for hypothesis generation and follow up studies in the older adult and AS industry.

Perhaps the greatest take home message of this study is the confirmation that city planners and policy makers, as well as industry partners and health care professionals, can play a role in the AS acceptance and adoption practices of older adults. Such actions may be proactive and overcome the current problem of intervening when older adults are experiencing too many comorbidities or declines, to actively learn and engage, in new transportation options, including the AS (80).



CONCLUSION

This study examined personal predictors and aspects of technology readiness, ease of use, and barriers of intention to use AS. Although cognition, more specifically executive functions, are not identified as a predictor of such practices, driving difficulty did significantly predict intention to use AS in a linear model—but the results did not hold up in the final SEM. The PLS-SEM indicated that 47% of the variance in intention to use is explained by the predictor variables—even though only technology readiness and barriers to AV acceptance singularly predicted intention to use. Finally, we have identified opportunities for city managers, planners and policy makers, as well as industry partners, to institute proactive strategies to facilitate positive AS acceptance and adoption practices among older drivers.



DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The University of Florida's Institutional Review Board (IRB#201801988) provided approval for the study and all participants consented to enroll and participate in the study. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

SC and VS: study conception and design. SH and JM: data collection and data input. JM: data management. JM and SC: analysis and interpretation of results. SC, JM, and VS: draft manuscript preparation. All authors reviewed the results and approved the final version of the manuscript.



FUNDING

This research project (Project D2, #69A3551747104) received funding from the US Department of Transportation and the Southeastern Transportation Research, Innovation, Development, and Education Center.



ACKNOWLEDGMENTS

We acknowledge the University of Florida's Institute for Mobility, Activity, and Participation (I-MAP) and University of Alabama at Birmingham's TREND Lab for providing the infrastructure and support for this study. We also thank US Department of Transportation and the Southeastern Transportation Research, Innovation Development, and Education Center for providing funding for this research project (#69A3551747104).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fneur.2021.798762/full#supplementary-material



REFERENCES

 1. Foley DJ, Heimovitz HK, Guralnik JM, Brock DB. Driving life expectancy of persons aged 70 years and older in the United States. Am J Public Health. (2002) 92:1284-9. doi: 10.2105/AJPH.92.8.1284

 2. Nations U. World Population Ageing 2019: Highlights (ST/ESA/SER. A/430). New York, NY: United Nations (2019).

 3. United States Census Bureau,. Older Population Aging. (2019). Available online at: https://www.census.gov/topics/population/older-aging.html (accessed August 18, 2021).

 4. Shergold I, Wilson M, Parkhurst G. The Mobility of Older People, and the Future Role of Connected Autonomous Vehicles: A Literature Review. Bristol: Research Repository, University of West England (2016).

 5. Hunt LA, Bassi CJ. Near-vision acuity levels and performance on neuropsychological assessments used in occupational therapy. Am J Occup Ther. (2010) 64:105-13. doi: 10.5014/ajot.64.1.105

 6. Johnson J, Rodriguez MA, Al Snih S. Life-space mobility in the elderly: current perspectives. Clin Intervent Aging. (2020) 15:1665. doi: 10.2147/CIA.S196944

 7. Jones VC, Cho J, Abendschoen-Milani J, Gielen A. Driving habits and risk exposure in older drivers: lessons learned from the implementation of a self-regulation curriculum. Traffic Injury Prevent. (2011) 12:468-74. doi: 10.1080/15389588.2011.586448

 8. Sixsmith A, Gutman G. Technologies for Active Aging. Powell JL, Chen S, editors. New York, NY: Springer (2013).

 9. Carr DB, Stowe JD, Morris JC. Driving in the elderly in health and disease. Handbook of Clin Neurol. (2019) 167:563-73. doi: 10.1016/B978-0-12-804766-8.00031-5

 10. Owsley C, McGwin G, Antin JF, Wood JM, Elgin J. The Alabama VIP older driver study rationale and design: Examining the relationship between vision impairment and driving using naturalistic driving techniques. BMC Ophthalmol. (2018) 18:1-12. doi: 10.1186/s12886-018-0686-5

 11. Yang J, Coughlin JF. In-vehicle technology for self-driving cars: advantages and challenges for aging drivers. Int J Automot Technol. (2014) 15:333-40. doi: 10.1007/s12239-014-0034-6

 12. Stalvey B, Owsley C, Sloane ME, Ball K. The life space questionnaire: a measure of the extent of mobility of older adults. J Appl Gerontol. (1999) 18:479-98. doi: 10.1177/073346489901800404

 13. Marottoli RA, de Leon CFM, Glass TA, Williams CS, Cooney LM Jr, Berkman LF. Consequences of driving cessation: decreased out-of-home activity levels. J Gerontol B Psychol Sci Soc Sci. (2000) 55:S334-40. doi: 10.1093/geronb/55.6.S334

 14. Musselwhite C, Shergold I. Examining the process of driving cessation in later life. Eur J Ageing. (2013) 10:89-100. doi: 10.1007/s10433-012-0252-6

 15. Classen S, Mason J, Hwangbo SW, Wersal J, Rogers J, Sisiopiku V. Older drivers' experience with automated vehicle technology. J Trans Health. (2021) 22:101107. doi: 10.1016/j.jth.2021.101107

 16. Knoefel F, Wallace B, Goubran R, Sabra I, Marshall S. Semi-autonomous vehicles as a cognitive assistive device for older adults. Geriatrics. (2019) 4:63. doi: 10.3390/geriatrics4040063

 17. McLoughlin S, Prendergast D, Donnellan B. Autonomous vehicles for independent living of older adults - insights and directions for a cross-European qualitative study. In: Proceedings of the 7th International Conference on Smart Cities and Green ICT Systems SMARTGREENS. Funchal: SciTePress (2018). p. 294–303.

 18. Pettigrew S, Talati Z, Norman R. The health benefits of autonomous vehicles: public awareness and receptivity in Australia. Aust N Z J Public Health. (2018) 42:480-3. doi: 10.1111/1753-6405.12805

 19. Fleetwood J. Public health, ethics, and autonomous vehicles. Am J Public Health. (2017) 107:532-7. doi: 10.2105/AJPH.2016.303628

 20. Blumenthal MS, Fraade-Blanar L, Best R, Irwin JL. Safe Enough: Approaches to Assessing Acceptable Safety for Automated Vehicles. Santa Monica, CA: Rand Corporation (2020).

 21. Noy IY, Shinar D, Horrey WJ. Automated driving: safety blind spots. Saf Sci. (2018) 102:68-78. doi: 10.1016/j.ssci.2017.07.018

 22. Shariff A, Bonnefon JF, Rahwan I. Psychological roadblocks to the adoption of self-driving vehicles. Nat Hum Behav. (2017) 1:694-6. doi: 10.1038/s41562-017-0202-6

 23. Molnar LJ, Ryan LH, Pradhan AK, Eby DW, St. Louis RM, Zakrajsek JS. Understanding trust and acceptance of automated vehicles: an exploratory simulator study of transfer of control between automated and manual driving. Transport Res F Traffic Psychol Behav. (2018) 58:319-28. doi: 10.1016/j.trf.2018.06.004

 24. Zhang T, Tao D, Qu X, Zhang X, Lin R, Zhang W. The roles of initial trust and perceived risk in public's acceptance of automated vehicles. Transport Res C Emer Technol. (2019) 98:207-20. doi: 10.1016/j.trc.2018.11.018

 25. Classen S, Mason J, Wersal J, Sisiopiku V, Rogers J. Older drivers' experience with automated vehicle technology: interim analysis of a demonstration study. Front Sus Cities. (2020) 2(27). doi: 10.3389/frsc.2020.00027

 26. Deloitte. Global Automotive Consumer Study Exploring Consumers' Mobility Choices and Transportation Decisions. New York, NY: Deloitte Development LLC (2014).

 27. Kaye SA, Lewis I, Buckley L, Gauld C, Rakotonirainy A. To share or not to share: a theoretically guided investigation of factors predicting intentions to use fully automated shared passenger shuttles. Transport Res F Traffic Psychol Behav. (2020) 75:203-13. doi: 10.1016/j.trf.2020.10.010

 28. McDonald AB, Reyes ML, Roe CA, Friberg JE, McGehee DV. University of Iowa Technology Demonstration Study. Iowa City: The University of Iowa (2016).

 29. Smith A, Anderson M. Americans' Attitudes toward Driverless Vehicles. Washington, DC: Pew Research Center (2017).

 30. Nordhoff S, Stapel J, Van Arem B, Happee R. Passenger opinions of the perceived safety and interaction with automated shuttles: a test ride study with “hidden” safety steward. Transport Res A Policy Practice. (2020) 138:508-24. doi: 10.1016/j.tra.2020.05.009

 31. Hassan HM, Ferguson MR, Razavi S, Vrkljan B. Factors that influence older Canadians' preferences for using autonomous vehicle technology: a structural equation analysis. Transport Res Record. (2019) 2673:469-80. doi: 10.1177/0361198118822281

 32. Parasuraman A. Technology Readiness Index (TRI) a multiple-item scale to measure readiness to embrace new technologies. J Serv Res. (2000) 2:307-20. doi: 10.1177/109467050024001

 33. Davis FD. Perceived usefulness, perceived ease of use, and user acceptance of information technology. Manag Inform Syst Quarter. (1989) 13:319-40. doi: 10.2307/249008

 34. Osswald S, Wurhofer D, Trösterer S, Beck E, Tscheligi M, editors. Predicting information technology usage in the car: towards a car technology acceptance model. In: 4th International Conference on Automotive User Interfaces and Interactive Vehicular Applications. Portsmouth, NH. (2012).

 35. Bagozzi RP. The legacy of the technology acceptance model and a proposal for a paradigm shift. J Assoc Inform Syst. (2007) 8:244-54. doi: 10.17705/1jais.00122

 36. Mason J, Classen S, Wersal J, Sisiopiku V. Construct validity and test–retest reliability of the automated vehicle user perception survey. Front Psychol. (2021) 12:626791. doi: 10.3389/fpsyg.2021.626791

 37. Parasuraman A, Colby CL. An updated and streamlined Technology Readiness Index: TRI 2.0. J Serv Res. (2015) 18:59-74. doi: 10.1177/1094670514539730

 38. Mason J, Classen S, Wersal J, Sisiopiku VP. Establishing face and content validity of a survey to assess users' perceptions of automated vehicles. Transport Res Record. (2020) 2674:538-47. doi: 10.1177/0361198120930225

 39. Classen S, Wang Y, Crizzle AM, Winter S, Lanford DN. Predicting older driver on-road performance via the Useful Field of View and the Trail Making Test Part B. Am J Occup Ther. (2013) 67:574-82. doi: 10.5014/ajot.2013.008136

 40. Viljanen A, Mikkola TM, Rantakokko M, Portegijs E, Rantanen T. The association between transportation and life-space mobility in community-dwelling older people with or without walking difficulties. J Aging Health. (2016) 28:1038-54. doi: 10.1177/0898264315618919

 41. De Silva NA, Gregory MA, Venkateshan SS, Verschoor CP, Kuspinar A. Examining the association between life-space mobility and cognitive function in older adults: a systematic review. J Aging Res. (2019) 2019:3923574. doi: 10.1155/2019/3923574

 42. Bentley JP, Brown CJ, McGwin G, Sawyer P, Allman RM, Roth DL. Functional status, life-space mobility, and quality of life: a longitudinal mediation analysis. Qual Life Res. (2013) 22:1621-32. doi: 10.1007/s11136-012-0315-3

 43. Kennedy RE, Sawyer P, Williams CP, Lo AX, Ritchie CS, Roth DL, et al. Life-space mobility change predicts 6-month mortality. J Am Geriatr Soc. (2017) 65:833-8. doi: 10.1111/jgs.14738

 44. Poranen-Clark T, von Bonsdorff MB, Rantakokko M, Portegijs E, Eronen J, Pynnönen K, et al. The temporal association between executive function and life-space mobility in old age. J Gerontol A. (2018) 73:835-9. doi: 10.1093/gerona/glx217

 45. Sheppard KD, Sawyer P, Ritchie CS, Allman RM, Brown CJ. Life-space mobility predicts nursing home admission over 6 years. J Aging Health. (2013) 25:907-20. doi: 10.1177/0898264313497507

 46. Rantakokko M, Portegijs E, Viljanen A, Iwarsson S, Rantanen T. Task modifications in walking postpone decline in life-space mobility among community-dwelling older people: a 2-year follow-up study. J Gerontol A Biomed Sci Med Sci. (2017) 72:1252-6. doi: 10.1093/gerona/glw348

 47. Baldock MRJ, Mathias J, McLean A, Berndt A. Self-regulation of driving and its relationship to driving ability among older adults. Accident Analy Prevent. (2006) 38:1038-45. doi: 10.1016/j.aap.2006.04.016

 48. Lyman JM, McGwin G, Sims R. Factors related to driving difficulty and habits in older drivers. Accident Analy Prevent. (2001) 33:413-21. doi: 10.1016/S0001-4575(00)00055-5

 49. MacDonald LM, Myers AM, Blanchard RA. Correspondence among older drivers' perceptions, abilities, and behaviors. Topics Geriatr Rehabil. (2008) 24:239-52. doi: 10.1097/01.TGR.0000333756.75303.b9

 50. Owsley C, Stalvey BT, Wells J, Sloane ME. Older drivers and cataract: driving habits and crash risk. J Gerontol A Med Sci. (1999) 54:M203-11. doi: 10.1093/gerona/54.4.M203

 51. Moharrer M, Wang S, Davis JD, Ott BR, Luo G. Driving safety of cognitively-impaired drivers based on near collisions in naturalistic driving. J Alzheimers Dis Rep. (2020) 4:1-7. doi: 10.3233/ADR-190159

 52. Wood JM, Chaparro A, Lacherez P, Hickson L. Useful field of view predicts driving in the presence of distracters. Optom Vis Sci. (2012) 89:373-81. doi: 10.1097/OPX.0b013e31824c17ee

 53. Owsley C, Ball KK, McGwin G, Sloane ME, Roenker DL, White MF, et al. Visual processing impairment and risk of motor vehicle crash among older adults. J Am Med Assoc. (1998) 279:1083-8. doi: 10.1001/jama.279.14.1083

 54. Ball KK, Rebok G. Evaluating the driving ability of older adults. J Appl Gerontol. (1994) 13:20-38. doi: 10.1177/073346489401300103

 55. Owsley C. Visual processing speed. Vis Res. (2013) 90:52-6. doi: 10.1016/j.visres.2012.11.014

 56. Colom R, Contreras MJ, Botella J, Santacreu J. Vehicles of spatial ability. Pers Individ Diff. (2002) 32:903-12. doi: 10.1016/S0191-8869(01)00095-2

 57. Kunishige M, Fukuda H, Iida T, Kawabata N, Ishizuki C, MIyaguchi H. Spatial navigation ability and gaze switching in older drivers: a driving simulator study. Hong Kong J Occup Ther. (2019) 32:22-31. doi: 10.1177/1569186118823872

 58. Svetina M. The reaction times of drivers aged 20 to 80 during a divided attention driving. Traffic Injury Prev. (2016) 17:810-4. doi: 10.1080/15389588.2016.1157590

 59. Salthouse TA. Relations between cognitive abilities and measures of executive functioning. Neuropsychology. (2005) 19:532-45. doi: 10.1037/0894-4105.19.4.532

 60. Sun QC, Xia JC, Foster J, Falkmer T, Lee H. A psycho-geoinformatics approach for investigating older adults' driving behaviours and underlying cognitive mechanisms. Eur Trans Res Rev. (2018) 10:1-11. doi: 10.1186/s12544-018-0308-6

 61. U.S. Department of Health & Human Services National Instititute on Aging. Clinical Research Study Investigator's Toolbox. (2019). Available online at: https://www.nia.nih.gov/research/clinical-research-study-investigators-toolbox#forms (accessed August 18, 2021).

 62. Reitan RM. Validity of the Trail Making Test as an indicator of organic brain damage. Percept Motor Skills. (1958) 8:271-6. doi: 10.2466/pms.1958.8.3.271

 63. Lezak M. Neuropsychological Assessment. 3rd ed. New York, NY: Oxford University Press (1995).

 64. Stav WB, Justiss MD, McCarthy DP, Mann WC, Lanford DN. Predictability of clinical assessments for driving performance. J Saf Res. (2008) 39:1-7. doi: 10.1016/j.jsr.2007.10.004

 65. Classen S, Horgas A, Awadzi K, Messinger-Rapport B, Shechtman O, Joo Y. Clinical predictors of older driver performance on a standardized road test. Traffic Injury Prev. (2008) 9:456-62. doi: 10.1080/15389580802260026

 66. Schreiber-Gregory D, Jackson H, editors. Multicollinearity: what is it, why should we care, and how can it be controlled. In: Proceedings of the SAS R Global Forum 2017 Conference Paper. Orlando, FL (2017).

 67. Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical and powerful approach to multiple testing. J Royal Stat Soc B (Methodological). (1995) 57:289-300. doi: 10.1111/j.2517-6161.1995.tb02031.x

 68. RStudio Team. RStudio: Integrated Development for R. Boston, MA: RStudio, PBC (2020).

 69. Team RC. R: A Language and Environment for Statistical Computing (4.0.4) [Computer software]. Vienna: R Foundation for Statistical Computing (2021).

 70. Wickham H, Averick M, Bryan J, Chang W, McGowan LDA, François R, et al. Welcome to the Tidyverse. Tidyverse (2019).

 71. Ray S, Danks NP, Valdez AC, Estrada JMV, Uanhoro J, Nakayama J, et al. Building and Estimating Structural Equation Models [software package]. (2021). Available online at: https://cran.r-project.org/web/packages/seminr/seminr.pdf (accessed October 13, 2021).

 72. Wright S. The method of path coefficients. Ann Mathemat Stat. (1934) 5:161-215. doi: 10.1214/aoms/1177732676

 73. Hair JF, Hult GTM, Ringle CM, Sarstedt M, Thiele KO. Mirror, mirror on the wall: a comparative evaluation of composite-based structural equation modeling methods. J Acad Market Sci. (2017) 45:616-32. doi: 10.1007/s11747-017-0517-x

 74. Blom G. Statistical Estimates and Transformed Beta-Variables. New York, NY: Almqvist & Wiksell (1958).

 75. Lehmann EL, D'Abrera HJ. Nonparametrics: Statistical Methods Based on Ranks Holden-day. Oxford: Holden-Day (1975).

 76. Alvarez L, Classen S. Driving with Parkinson's disease: cut points for clinical predictors of on-road outcomes. Can J Occup Ther. (2018) 85:232-41. doi: 10.1177/0008417418755458

 77. Lyman S, Ferguson SA, Braver ER, Williams AF. Older driver involvements in police reported crashes and fatal crashes: trends and projections. Injury Prev. (2002) 8:116-20. doi: 10.1136/ip.8.2.116

 78. Marottoli RA, Cooney LM Jr, Tinetti ME. Self-report versus state records for identifying crashes among older drivers. J Gerontol A Biol Sci Med Sci. (1997) 52A:M184-7. doi: 10.1093/gerona/52A.3.M184

 79. Classen S, Wersal J, Mason J, Rogers J, Sisiopiku V. Face and content validity of an automated vehicle road course and a corresponding simulation scenario. Front Future Transport. (2020) 1:596620. doi: 10.3389/ffutr.2020.596620

 80. Dickerson AE, Molnar LJ, Bedard M, Eby DW, Berg-Weger M, Choi M, et al. Transportation and aging: an updated research agenda for advancing safe mobility among older adults transitioning from driving to non-driving. Gerontologist. (2019) 59:215-21. doi: 10.1093/geront/gnx120

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Classen, Mason, Hwangbo and Sisiopiku. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fneur-12-798762-t003.jpg
Variables

Driving dependence (DHQ domain)
“I drive”

“Spit between being driver and passenger”

“This person drives me"
Driving space (DHQ domain)

Immediate neighborhood

Outside neighborhood

Neighboring towns

Distant towns

Outside of Florida

Outside of southeast region
Crashes and/or citations (DHQ domain)

Yes

No

DHQ, Driving Habits Questionnaire.

N (%)

47 (45%)
40 (38%)
17 (16%)

0(0%)
6(6%)
13 (12.5%)
39 (37.5%)
15 (14%)
31(30%)

18 (17%)
86 (83%)





OPS/images/fneur-12-798762-t004.jpg
Path Effect (8)

Technology readiness to intention o 0.247**
use

Perceived ease of use to intentionto  0.070
use

Barriers to AV acceptance to intention  —0.504***
touse

Life space to intention to use -0.085
Crashes and/or citations to intention ~ —0.069
to use

Driving exposure to intention touse ~ —0.081
Driving difficulty to intention to use 0.126
Cogrition to driving difficulty ~0.151

B, path coefficient; *’p < 0.01, **'p < 0.001.

Confidence
Interval (95%)

0.087-0.411

—0.129-0.288

0.285-0.692

—0.241-0.064
—0.191-0.084

—0.208-0.153
—0.040-0.292
—0.341-0.054

t-statistic

2875

0.511

4.967

1.102
1.199

0317
1.485
1.476





OPS/images/fneur-12-798762-t001.jpg
Constructs/items item x « AVE cR
Technology Readiness 0.791 0614 0863
TRIT New technologies contribute to a better quality of ife 0846
TRI2 Technology gives me more freedom of mobilty 0777
TRI3 Technology gives people more control over their daily lives 0.821
TRI4 Technology makes me more productive in my personal life 0.680
Perceived ease of use 0736 0555 0831
TAM7 My interaction with the autonomous vehicle is clear and understandable. 0822
TAM 8 Interacting with the autonomous vehicle does not require  lot of my mental 0579
effort.
TAM 9 Ifind the autonomous vehicle to be easy to use. 0798
TAM 10 Ifind it easy to get the autonomous vehicle to do what | want it to do, 0.756
Barriers to AV acceptance 0.780 0532 0.790
AVUPS 5 I am suspicious of automated vehicles. 0679
AVUPS 14 It will require a lot of effort to figure out how to use an automated vehicle 0678
AVUPS 16 | would rarely use an automated vehicle 0722
AVUPS 197 My driving abilties will decline due to relying on an automated vehicle <005
AVUPS 26 I believe that automated vehicles wil increase the number of crashes 0734
AVUPS 28 I feel hesitant about using an automated vehicle 0825
Intention to use 0917 0554 0931
AVUPS 4 1 am open to the idea of using automated vehicles 0.700
AVUPS 6 I believe | can trust automated vehicles 0.683
AVUPS 7% 1 will engage in other tasks while riding in an automated vehicle <05
AVUPS 8 | believe automated vehicles will recluce traffic congestion 0.759
AVUPS 9 I believe automated vehicles will assist with parking 0703
AVUPS 13 I expect that automated vehicles will be easy to use 0782
AVUPS 15 | would use an automated vehicle on a daily basis 0551
AVUPS 17% Even if | had access to an automated vehicle, | would still want to drive myself <005
AVUPS 20 1 will be willng to pay more for an automated vehicle compared to what | would 0585
pay for a traditional car
AVUPS 21 If cost was not an issue, | would use an automated vehicle 0840
AVUPS 22 1 would use an automated vehicle if National Highway Tratfic Safety 0.868
Administration (NHTSA) deems them as being safe
AVUPS 25 When I'm riding in an automated vehicle, other road users will be safe 0813
AVUPS 27 I feel safe riding in an automated vehile 0833

%, Item Factor Loading (Criteria: > 0.5); x, item was removed due to poor fector loading; PLS-SEM, Partial least squares structural equation modeling; TRI, Technology Readiness
Index; TAM, Technology Acceptance Model; AVUPS, Autonomous Vehicle User Perception Survey. w, Cronbach’s alpha; AVE, Average Variance Extracted; CR, Construct Reliabilty.
Items for the Barriers of AV Acceptance construct are from the AVUPS Perceived Barier scale.
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Variables M

Age (years) 74.30
TMTB () 7866
MoCA score 26.91
Driving exposure’ (DHQ domain: milles/year) 6657.5
Driving difficulty*(DHQ domain) 81.21

IarR

70-78
50-91
25-29
2,158-7,930
75-91

SsD

5.95
41.26

228
6694.7
15.24

Range (min-max)

85-91
29-257
21-30
208-35,360
16-100

*DHQ domain; DHQ, Driving Habits Questionnaire; IQR, Inter quartle range; M, Mean; min, minimum; max, maximum; MoCA, Montreal Cognitive Assessment; SD, standard deviation;

s, seconds; TMT B, Trail Making Test Part B.
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Variable 3 SE tstatistic p

Driving difficulty 0.162 0077 2.109 0.087"
Crashes and/or citations 0.536 0.366 1.464 0.146

path coefficient; SE, Standard Error; *'p < 0.05.
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