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Abstract

This study aimed to apply a journey mapping methodology to identify travel considerations 

and barriers for people with disabilities (PWDs) at each travel stage, from considering a 

trip through to arriving at the destination for their current modes of transportation, with the 

objective of understanding and avoiding “pain points” during a transition to autonomous driving 

systems. Twenty PWDs, including those with physical, visual, aural, cognitive, and combined 

physical/visual impairments, participated in a semistructured one-on-one interview. Descriptive 

statistics were used for demographic information, and qualitative content analysis was used 
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to analyze the transcribed interviews and extract themes. Themes were further organized by 

the modes of transportation used. The top four themes in considering and planning a trip 

were third-party assistance availability (private vehicle, public transportation, and paratransit), 

finding an accessible or suitable parking space (private vehicle), access to a service location 

(public transportation and paratransit), and transportation schedules (public transportation and 

paratransit). The top four travel barriers to locating, entering, riding, and exiting transportation and 

arriving at the destination were vehicle ingress/egress (private vehicle and public transportation), 

concerns about wheelchair securement (public transportation and paratransit), requiring third-

party assistance (private vehicle and public transportation), and accessibility to service locations 

(public transportation). The study suggests that to mitigate travel considerations and barriers for 

PWDs, vehicle-specific barriers and infrastructure issues should be addressed simultaneously. We 

anticipate that the findings will provide insights into the design and development of autonomous 

vehicles, to better accommodate the needs of PWDs.

Keywords

sustainability and resilience; transportation and society; accessible transportation and mobility; 
disability; community resources and impacts; transportation equity

Access to transportation provides people with disabilities (PWDs) with a sense of 

autonomy and freedom, increasing participation in daily activities, social engagement, 

job opportunities, and access to healthcare and education (1, 2). However, access to 

transportation is currently limited for PWDs. In the United States, of about 61million PWDs, 

25.5million (41.8%) experience difficulties traveling outside the home because of their 

disabilities (3, 4), and PWDs are known to travel less frequently than their counterparts 

without disabilities (3). To reduce the travel-related inequity between individuals with 

and without disabilities, many researchers have studied barriers for PWDs in using 

transportation. Previous studies report that the primary mode of transportation among 

PWDs is the personal vehicle (i.e., as a passenger or as a driver), followed by public 

transportation (i.e., bus and subway), taxi (i.e., taxicab and rideshare), and lastly paratransit 

(5–7). Most studies on barriers to using transportation are focused on public transportation 

and paratransit (8–13): the most common barriers encountered in using public transportation 

are inadequate transit systems (i.e., the area that the system covers is restrictive), absence 

of a public address (PA) system, inappropriate driver attitudes, no accessible route to the 

stop/station, adverse climate conditions, and insufficient floor or aisle space for mobility 

devices. Studies found that the most common barriers encountered using paratransit were 

scheduling problems, long wait times, and long ride durations (8, 9). Previous studies 

revealed that PWDs who experienced the most frequent and significant travel barriers 

were individuals with mobility impairments (physical impairments) or visual impairments, 

followed by intellectual disability and hearing impairment (6–8).

These previous studies explored barriers through surveys, which have the advantage of 

larger sample sizes and being able to identify general issues and trends. However, this 

approach can limit comprehension of the context and in-depth details of the responses 

(14). For example, surveys can identify accessibility issues while using buses. However, 
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it is difficult to identify in detail what the accessibility issues are (e.g., accessibility of a 

stop, of a vehicle, or the pay stand, or whether the issue could be solved with assistance 

from the driver or staff), the circumstances surrounding the issue (e.g., difficulty boarding 

on roads with no sidewalks; able to use a lift but unable to use a ramp; or can access 

when using a walker, but accessibility is limited when using a wheelchair), and the 

underlying feelings and reasons that lead to an individual’s decision. Accordingly, one-on-

one interviews may help to elucidate the travel barriers for PWDs in greater depth and detail. 

In previous studies, travel barriers were identified only as overall barriers for each means of 

transportation, but transportation involves various phases. For example, a study found that 

using transportation consists of eight stages: setting off from origin, walking to stop/station, 

waiting for the transportation, entering the transportation, riding the transportation, exiting 

the transportation, leaving stop/station, and arriving at the destination (15). Accessibility 

barriers can therefore exist in different forms at each stage of travel. For instance, a person 

could have difficulty entering a vehicle but have no difficulty exiting the vehicle; or a person 

could have no difficulty entering or exiting a train or subway but may be unable to get to 

the platform from the street owing to physical accessibility barriers (e.g., no access to ramp, 

lift, elevator). Thus, to better understand current travel barriers for PWDs and their needs, 

knowing what barriers exist for each phase of the process is essential.

Journey mapping in this application is a strategic approach to identifying travel barriers 

during each travel stage (16). Journey mapping is a more comprehensive, empathy-driven 

approach to understanding the customer experience than a customer survey. It facilitates in-

depth understanding of unmet user needs, allowing organizations to identify “pain points,” 

that is, areas for improvement and opportunities for innovation (17). It can also help 

organizations to better understand the emotions and motivations driving customer behavior 

and decision making (17). Because of these benefits, journey mapping has been extended 

and used in clinical studies (industry) and research to obtain insights into the individual’s 

experiences at each stage of a process until they exit or complete it, by having them 

visualize their journey from conceptualization, to initiation, through to completion (16). 

Knowing the potential barriers, pain points, and needs at each stage of travel could help 

stakeholders, including users, service providers, and experts, better plan, design, modify, and 

help mitigate or overcome barriers in a practical, realistic, and feasible way. Therefore, the 

objectives of this study were to use a journey mapping strategy to identify and describe 

travel barriers for PWDs and their needs for each travel stage. Stages investigated in our 

study included considering a trip (CT), planning a trip (PT), locating transportation (LT), 

entering the transportation (EnT), riding the transportation (RT), exiting the transportation 

(ExT), and arriving at the destination (AD). The objective in using the journey mapping 

approach, covering all stages of travel, was to allow us to identify travel barriers that may 

not have been identified in previous surveys or interview studies, and to better understand 

why the issues specified constitute barriers for different individuals. Furthermore, based on 

the findings, a flowchart was developed to present what factors are involved in CT and 

PT, and in choosing an appropriate mode of transportation, and to present the common 

considerations identified that are related to each type of transportation.
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Method

Participants

We recruited 20 PWDs (comprising individuals with physical, hearing, vision, and cognitive 

impairments) for this study. The participants were recruited using cascade methods, 

flyers/posters, brochures (in-person, by email, or posted in local rehabilitation facilities, 

outpatient facilities, and disability organizations), approved text in print media (magazines, 

newspapers, and newsletters), and web-based and social media postings. Although a 

comprehensive literature review indicated that a sample size of 12 to 15 participants is 

adequate to achieve code saturation in qualitative research using interviewing techniques 

(18, 19), the necessary number of participants for journey mapping is determined when no 

new information is being generated and a comprehensive set of personas may be generated 

from the interviewees and their decision processes. Although 20 is not comprehensive of 

all personas, the number is sufficient to generate insights and validate the journey mapping 

methodology.

Inclusion criteria of the study were 1) aged 16years and over; 2) current use of one or 

more forms of accessible/nonaccessible transportation (e.g., personal or public) for travel to 

destinations in the community (“current” defined as using transportation mode[s] to travel at 

least once a week); 3) have a disability—disability was defined according to the definition 

provided by the Americans with Disabilities Act (ADA): “a physical or mental impairment 

that substantially limits one or more major life activities; a record (or history) of such an 

impairment; or being regarded as having a disability” (20); and 4) able to communicate 

online (or over the phone) with or without an ADA accommodation. Individuals unable to 

speak English were excluded from this study. All participants provided informed consent, 

and parental consent was required for those under 18. After the screening procedures, based 

on the inclusion and exclusion criteria, but before the interview, verbal consent was obtained 

from the participant and documented. The Institutional Review Board approved this study 

protocol at the University of Pittsburgh.

Participants reported their disability based on the definition within the American 

Community Survey (21): hearing difficulty (deaf or having severe difficulty hearing; 

DEAR); vision difficulty (blind or having serious difficulty seeing, even when wearing 

glasses; DEYE); cognitive difficulty (because of a physical, mental, or emotional 

problem, having difficulty remembering, concentrating, or making decisions; DREM); and 

ambulatory difficulty (having severe difficulty walking or climbing stairs; DPHY). The 

participants were then classified into different groups according to their disability type. 

The classification was based on a previous study in which physical disabilities and visual 

impairments posed the most significant transportation difficulties, followed by intellectual 

disability and hearing impairments (6–8). For example, if a participant had one or more 

difficulties and had a DPHY, the participant was classified in the DPHY group. Likewise, 

an individual with DEYE and other difficulties was classified in the DEYE group. Those 

with both DPHY and DEYE were classified as a separate group. Among people who did not 

have a DPHY or DEYE, an individual with DREM or DEAR was classified in the DREM or 

DEAR group, respectively.
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Journey Mapping Interview

The interview started with an introduction, including a brief description of the purpose 

of the study, discussion points, session logistics, and ground rules for the session. Next, 

each participant provided a verbal agreement of consent, and then the interviewer started 

recording the interview.

At the beginning of the questioning, participants were asked to take a moment to imagine 

a specific trip they took outside of their home and to answer each question for each stage 

of travel (Supplemental Table 1). The semistructured interview covered all trip stages: CT, 

PT, LT, EnT, RT, ExT, and AD. Each stage had multiple questions and multiple follow-up 

probe questions used to prompt and elicit more information around the topic. Respondents 

provided unconstrained responses and follow-up questions were asked, as appropriate. Each 

interview took about 60min.

Data Reduction

One-on-one interviews were conducted with PWDs by an interviewer with over 20years’ 

experience in conducting such interviews. The interviews were conducted using Zoom, and 

each was recorded and transcribed (i.e., auto transcribed using Zoom services and later 

reviewed by study staff for accuracy against the recorded audio). The transcripts were then 

deidentified.

Statistical Analyses

Descriptive analyses of the participant sociodemographic characteristics were conducted. 

Qualitative content analysis was used to process the interview data. The transcripts were 

independently reviewed and coded by two study team members. They read through the first 

three transcripts and highlighted codes that pertained to specific pain points experienced 

during each phase of the transportation process. An initial group of categories/themes (e.g., 

types of transportation; access: physical/cognitive; safety: reliability/physical/psychological; 

and personal factors: physical/cognitive/psychological/preference/resources/knowledge) and 

phases was generated and revised through discussion until convergence was achieved. Then 

the coders began to assign codes to the categories. While analyzing the transcripts, a 

coder could add a new category/theme if necessary (22). To reduce bias and enhance the 

reliability of the analysis, a third investigator then independently reviewed the transcripts 

and reconciled the category/themes and coding discrepancies between the two coders. 

Multiple categories could be selected for each response.

Barriers were identified by classifying transportation into three types (i.e., private vehicle, 

public transportation, and paratransit/taxi) according to the characteristics of each type 

of transportation: private vehicle—door-to-door, flexible route, and flexible schedule; 

paratransit/taxi—door-to-door, semiflexible route, and semiflexible schedule; and public 

transportation—stop (station)-to-stop (station), fixed route, and fixed schedule.
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Results

The sociodemographic information for the participants is presented in Table 1. The age 

range was from 26 to 82, and the 55 to 64 age group had the most participants (n = 6, 30%), 

followed by the 45 to 54 and 65+ age groups (both n = 4, 20%). The majority of study 

participants were non-Hispanic (n = 19, 95%); White (n = 15, 75%); male (n = 12, 60%), 

engaged/married (n = 11, 55%); own/renting house (n = 17, 85%); living in an urban area (n 
= 12, 60%); employed (n = 15, 75%); driving their personal vehicle as a primary mode of 

transportation to work (n = 8, 40%); and living with disabilities for 25years or more (n = 15, 

75%).

Travel Considerations/Barriers to Using Private Vehicles

The considerations (CT and PT stages) and barriers (LT, EnT, RT, ExT, and AD stages) to 

using a private vehicle (either as a driver or a passenger) are presented in Table 2. Eight 

of the 10 individuals with DPHY, three of the four individuals with DEYE, and all four 

individuals with DREM mentioned considerations and barriers to using a private vehicle. 

Those reporting the most diverse travel considerations and barriers were individuals with 

DPHY, followed by individuals with DREM. Since the person with DPHY and DEYE did 

not use private vehicles (neither as a driver nor a passenger), no barriers to using a private 

vehicle were reported.

Considerations in CT and PT Stages.—The most frequent concerns in the CT stage 

across all disability groups related to third-party assistance requirements (i.e., whether they 

can get assistance from caregivers, family members, or friends when needing to travel). 

Individuals with DPHY also reported difficulty finding a parking spot (i.e., accessible 

parking availability; n = 5), adverse weather conditions (n = 2), motivation (i.e., whether 

they are willing to take a trip; n = 1), and vehicle ingress/egress (n = 2) as a travel 

consideration in the CT and/or PT stages. Individuals with DREM reported high-traffic 

patterns (i.e., heavy traffic and traffic congestion; n = 2) and health conditions (n = 1) as a 

travel considerations in the CT and/or PT stages.

Consideration in LT, EnT, RT, ExT, and AD Stages.—No barriers were reported in 

the LT stage by individuals with DPHY. Some individuals with DPHY reported third-party 

assistance required (i.e., requiring assistance from caregivers, family members, or friends; 

n = 2) and vehicle ingress/egress (e.g., transfer-related difficulties owing to the height of 

the passenger seat, either too high or low; n = 2) as barriers in the EnT stage. A barrier 

identified in the RT stage was health condition (e.g., unable to do long-distance/-duration 

travel because of their medical condition; n = 1). Adverse weather conditions (e.g., snow 

or rain; n = 2) and vehicle ingress/egress (e.g., transfer-related difficulties because of the 

passenger seat height, either too high or low; n = 1) were barriers in the ExT stage. The 

identified barrier in the stage of AD was third-party assistance required (n = 2).

In the LT stage, third-party assistance required was a travel barrier for individuals with 

DREM because they had difficulty identifying their vehicle. Difficulty finding a parking 

spot (i.e., finding a parking spot where they easily can identify their vehicle among other 
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vehicles; n = 2) was a travel barrier in the ExT stage; adverse weather conditions (n = 1) was 

a barrier in the AD stage.

Travel Considerations/Barriers to Using Public Transportation

The considerations and barriers to using public transportation are presented in Table 3. Eight 

of the 10 individuals with DPHY, all four individuals with DEYE, the one individual with 

DPHY and DEYE, and three of the four individuals with DREM confirmed barriers to using 

public transportation. Those reporting the most diverse travel considerations and barriers 

were individuals with DPHY, followed by individuals with DEYE, with DPHY and DEYE, 

and lastly with DREM.

Considerations in CT and PT Stages.—The most frequently addressed factors to 

consider for individuals with DPHY in the stages of CT and PT were accessibility of service 

locations (e.g., accessibility of a stop or platform, being too far to/from a stop/station, and 

the distance between stops/stations), followed by adverse weather conditions, and problems 

with transportation schedules (i.e., needing to check the schedule to plan the trip). Vehicle 

ingress/egress, third-party assistance required, and public perceptions were also reported as 

travel considerations in the PT stage.

The most frequently reported considerations for individuals with DEYE in the CT stage 

were accessibility to service location (e.g., lack of transportation services; n = 3), followed 

by transportation schedules (i.e., needing to check the schedule to plan the trip; n = 2), 

and motivation (n = 1). In the PT stage, third-party assistance required (n = 2), lack of 

knowledge about services (n = 2), transportation schedules (n = 1), and transportation app 

challenges (n = 1) were identified as barriers for individuals with DEYE.

For individuals with DPHY and DEYE, transportation schedules (i.e., needing to check 

the schedule to plan the trip), third-party assistance required (i.e., whether there is anyone 

who can ride with and assist them), and adverse weather conditions were the factors under 

consideration in the CT stage; the transportation schedule was expressed to be consideration 

in the PT stage.

For individuals with DREM, adverse weather conditions (n = 1) and the transportation 

schedule (i.e., needing to check the schedule to plan the trip; n = 2) were reported as the 

factors to consider in the CT stage; the transportation schedule (n = 1) and health conditions 

(n = 1) were considerations in the PT stage.

Barriers in LT, EnT, RT, ExT, and AD Stages.—For individuals with DPHY, 

transportation app (i.e., smartphone application) challenges (e.g., difficulty checking bus 

schedules and identifying the current location of the next bus owing to a malfunctioning app; 

n = 2), transportation schedules (e.g., unreliable transportation schedules; n = 1), and lack of 

knowledge about services (e.g., not easy to use for first-time users; n = 2) were the barriers 

identified in the LT stage. Individuals with DPHY responded that vehicle ingress/egress 

(e.g., difficulties getting in and out of a vehicle and difficulties using a ramp or lift; n 
= 2), wheelchair securement (e.g., malfunctioning tie-down, untrained drivers, and drivers 

unwilling to help; n = 2), third-party assistance required (n = 1), and lack of knowledge 
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about services (n = 1) were the barriers in the EnT stage. Reported barriers in the RT stage 

included wheelchair securement (n = 3), public perceptions (i.e., getting resistance from 

drivers or other passengers because of the delays caused by the additional assistance PWDs 

received, such as using ramp/lift, or tie-down service, while using the transportation; n = 2), 

and accessibility to service location (n = 1). The most frequently reported barrier in the ExT 

stage was vehicle ingress/egress (n = 4), followed by third-party assistance required (n = 1) 

and wheelchair securement (n = 1). Accessibility to service location (e.g., unable to leave the 

stop or to access the curb cut [i.e., ramp] or sidewalk; n = 2) was reported as a barrier in the 

AD stage.

Across the LT to ExT stages, third-party assistance required was a travel barrier for 

individuals with DEYE. In addition to that, unsafe driving was a barrier in the RT stage; 

malfunctioning PA system and transportation app challenges were barriers in the ExT stage. 

Adverse weather conditions were reported as a travel barrier in the AD stage.

An identified barrier for the individual with DPHY and DEYE in the EnT stage was 

accessibility to a vehicle (i.e., difficulties in using ramp/lift). The individuals with DREM 

reported there are no travel barriers across LT to AD stages.

Travel Considerations/Barriers to Using Paratransit/Taxi

The considerations and barriers to using the paratransit/taxi are presented in Table 4. 

Eight of the 10 individuals with DPHY; all four individuals with DEYE; the one 

individual with DPHY and DEYE; and two of the four individuals with DREM mentioned 

considerations and barriers when using paratransit/taxi. Those reporting the most diverse 

travel considerations and barriers were individuals with DPHY, followed by individuals with 

DREM, with DEYE, and lastly with DPHY and DEYE. Individuals with DEYE, and with 

DPHY and DEYE did not report travel barriers across LT to AD stages.

Considerations in CT and PT Stages.—The most reported factors for individuals with 

DPHY to consider in the CT stage was third-party assistance required (n = 2), followed by 

transportation schedule (n = 1), and adverse weather conditions (n = 1). In the PT stage, 

the most frequently reported consideration was accessibility to service location (e.g., lack of 

transportation services; n = 4), followed by wheelchair securement (n = 2) and transportation 

schedule (n = 1).

For individuals with DEYE, accessibility to service locations and transportation schedules 

were considerations during the stages of CT and PT. Factors to consider for individuals with 

DPHY and DEYE in the CT stage were adverse weather conditions (n = 1) and accessibility 

to service location (n = 1). For individuals with DREM, cost (n = 1), adverse weather 

conditions (n = 1), and accessibility to service location (n = 1) were the factors to consider in 

the CT and PT stages.

Barriers in LT, EnT, RT, ExT, and AD Stages.—In the LT stage, transportation 

schedule (n = 1) and vehicle identification challenges (n = 1) were travel barriers for 

individuals with DPHY. They had difficulties in vehicle ingress (n = 1) in the EnT stage; 
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wheelchair securement (n = 3) was a barrier in the RT stage. For individuals with DREM, 

unsafe driving (n = 1) was a travel barrier in the RT stage.

Travel Considerations/Barriers for Individuals with DEAR

There was only one person with DEAR. They reported no specific barriers to transportation; 

however, because they rely exclusively on their vision, they use extra mirrors to support safe, 

independent driving.

Taking a Trip as an Individual with a Disability—Based on the categories/themes 

and codes we used to analyze the journey mapping data, we developed a flowchart 

(Figure 1) representing considerations/barriers for individuals with- and without disabilities 

when using transportation. For example, in Figure 1, the solid line illustrates a story 

of taking a trip as a PWD, and the dotted line illustrates the experience of individuals 

without disabilities. The individual without a disability represents the ideal scenario for 

which they only need to consider their travel purpose (i.e., work/school, groceries/supplies/

appointments, short business/leisure, or long business/leisure), their residing community 

setting, and typical standard trip considerations such as weather, time of day, preferences, 

resources, knowledge, and public perceptions. PWDs, on the other hand, first need to 

consider their type of disability, medical equipment, mobility assistive technology, and 

availability of a service animal and/or a caregiver. In addition to their community setting, 

standard trip considerations and accessible transportation barriers (for public transportation, 

private vehicles, or paratransit) must also be considered. Lastly, if everything goes according 

to plan, the individual reaches their final destination. Conversely, it cycles back to common 

trip considerations.

Discussion

This study investigated travel considerations and barriers at each stage of travel for PWDs 

using various modes of transportation. Those reporting the most diverse travel barriers were 

individuals with DPHY, followed by individuals with DEYE, DREM, and DEAR, which 

is consistent with previous findings (6–8). Identified travel considerations and barriers for 

PWDs were health conditions, difficulty finding an accessible or suitable parking space, 

accessible service locations, motivation, adverse weather conditions, third-party assistance 

availability, transportation schedules, vehicle ingress/egress, public perceptions, wheelchair 

securement and occupant restraints, transportation app challenges, high or complex traffic 

patterns, knowledge about services, cost, PA system function, unsafe drivers, and vehicle 

identification. The identified travel considerations and barriers can be categorized into 

modifiable barriers and nonmodifiable barriers. Modifiable barriers can be further divided 

into vehicle-specific, infrastructural, and educational barriers.

Modifiable Barriers: Vehicle-Specific

Third-Party Assistance.—Interestingly, our study identified the third-party assistance 

as both a travel consideration and barrier for PWDs. Several PWDs, across all disability 

types, responded that whether they receive assistance from others such as caregivers, family 

members, or friends is an essential factor in considering taking a trip. Several of the PWDs 
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reported that they require assistance from others across almost all stages of travel (LT 

through AD). The assistance required includes finding someone who can provide a ride: 

“Well, my caregiver—that’s easy. That’s always the easiest option. I just hop in the car, and 

we go” (participant with DPHY and DEAR); and “The second thing I consider is if there’s 

someone else that can drive me. And that would be attendant care or a friend” (participant 

with DPHY); vehicle ingress/egress: “Normally, one of my children will go with me in case 

I need to get out of the car. They can help with that” (participant with DPHY); selecting 

a driving route: “We drove out to where it was going to be the day before and planned a 

safe route to get there” (participant with DREM); and requiring assistance at the destination: 

“I could spend all day in the grocery store, but uh I need someone who is able to help put 

things into the cart, get things out of the cart, and carry them into the house” (participant 

with DPHY); and “A doctor’s visit, where I have to get undressed. Then, I take my aid with 

me” (participant with DPHY and DEYE). Furthermore, requiring assistance from others was 

different according to the situation: “I guess my circumstances then dictate whether or not I 

travel by myself, or I’m comfortable, or if I need to have a personal caregiving assistant with 

me” (participant with DPHY); and “if I need my wheelchair, then I have to bring somebody 

with me, so my own car is the easiest” (participant with DPHY.

Vehicle Ingress/Egress.—Vehicle ingress/egress was one of the frequently experienced 

travel barriers for individuals with DPHY, which is in line with previous findings (7). In 

addition, our findings showed that individuals with DPHY using assistive devices such 

as ramps or lifts to access public transportation or paratransit/taxi experienced accessibility-

related barriers. Given that these barriers were related to mechanical issues (e.g., ramp/lift 

malfunction) and operator-related issues (e.g., operator’s inexperience in using the ramp/

lift), the results suggest that public transportation operators (i.e., drivers) need regular 

training in ramp/lift operation and maintenance.

An interesting finding from our study was that these accessibility issues have been reported 

when using a private vehicle tailored to individuals with DPHY. Notably, they had more 

difficulty getting on than when getting off because if the vehicle’s seat was much higher 

than the height of the wheelchair, getting down from the seat into the wheelchair was 

relatively easy, but climbing up from the wheelchair to the seat was challenging:

I’m putting my prosthetic leg in first, so it’s more difficult to get into the car 

because I have to, it has to bear all my weight, and I have to you know kind of 

instead of pulling, trying to find a way to describe this, I’m like keeping I have to 

push deadweight in and then put my real leg that actually moves in after me so it’s 

difficult to put that in and my seat has to be in a certain position, it has to be all the 

way back. And the steering wheel has to be up (participant with DPHY).

I have to get my leg higher, and I have to like kind of back into it. I have to like 

backwards into it and lift myself up. And that, yeah, so that, that is challenging” 

(participant with DPHY).

This result highlighted the need for regular services (e.g., retraining related to ingress/egress 

of their modified vehicle and providing opportunities to experience new assistive technology 

devices) of occupational therapists, physical therapists, and certified driver rehabilitation 
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specialists; such regular services would help mitigate the accessibility-related travel barriers 

for individuals with DPHY.

Wheelchair Securement.—Wheelchair securement was reported as a travel barrier to 

public transportation in individuals with DPHY and is consistent with previous findings (8). 

This barrier is primarily related to public perceptions (described above). For example, public 

transport operators often do not provide tie-down services owing to their tight schedules, 

and as a result, many wheelchair users report that public transport riding is unsafe: “No, I 

never, I never feel safe. . No, I feel jostled around and not and very not safe,” according 

to a participant with DPHY. Nevertheless, wheelchair users reported that they are reluctant 

to request tie-down services because, as mentioned, drivers and other passengers often 

resist/are not supportive of this because of the ensuing delay when they insist on the 

tie-down services: “And if you want that, you’re going to get some resistance from the driver 

and the passengers. They are not happy about you needing to do that. They want to get to 

where they’re going as quickly as possible, and they don’t want to take the time,” according 

to a participant with DPHY. Thus, regular driver training is necessary to operate the vehicle 

in a safe and sound manner (23)

Malfunctioning PA System.—A malfunctioning PA system was a reported barrier that is 

unique to individuals with DEYE. They described how some public transportation options 

do not have PA systems, and even if a system in place, it often does not work, depending 

on the vehicle: “Public buses were announcing stops. Generally, that system is working 

correctly. However, once or twice, it’s not; it is announced to stop much before when it 

is coming. So, that can be a problem” (participant with DEYE). The lack of a PA system 

being a barrier to using public transportation for PWDs outside of our study has also 

been identified (8). In the absence of PA systems, a transportation app can assist PWDs’ 

travel by identifying the current location of the vehicle they are using. However, this app 

often does not work correctly, increasing their reliance on the driver or other passengers to 

assist them. These results suggest that a PA system or transportation app, when working 

correctly, can help pinpoint a vehicle’s location and should therefore be implemented in all 

public transportation to lower the travel barriers for individuals with visual impairments. 

Additionally, this resource is likely to benefit not only PWDs but other public transportation 

passengers.

Vehicle Identification Challenges.—Vehicle identification challenges were reported as 

a travel barrier to using paratransit/taxi/rideshare. However, more PWDs responded that they 

had no problem identifying their driver and vehicle as the drivers generally confirm with 

their name: “I usually stand out at a certain location with my cane. And then, if a vehicle 

opens its doors and says, *participant’s name* and I usually say yes” (participant with 

DEYE), and

I mean, he often asks for your name, and you know the cab number or something 

like that. And then, you say, ‘Okay. Are you this particular cab number?’ I’m 

because I’m waiting for this particular cab number. So that’s how yeah, so that’s 

how I make sure. And then, of course, so those checks are what you do. And that’s 

how you make sure you’re in the right vehicle.”— participant with DEYE).
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However, some PWDs have experienced difficulties identifying their driver and vehicle: “I 

don’t know cars, I you know I just I know colors, but I don’t know what kind of car this 

is, I can’t identify them and so that’s difficult” (participant with DPHY). Since recognizing 

vehicles remains a challenge for some individuals, making vehicles easier to identify by 

adding a design to the vehicle (e.g., identification number) or alternative solutions should be 

explored.

Modifiable Barriers: Infrastructural (Non-Vehicle-Specific)

Difficulty Finding a Parking Spot.—Difficulty finding a parking spot was identified 

as a travel consideration for PWDs. Significantly, individuals with DPHY who use a 

private vehicle reported difficulty finding accessible parking. This issue of accessible 

parking availability was a new finding. There are three possible reasons this particular 

barrier has not been identified in previous studies. The first is that the previous studies 

have mainly investigated the barriers to PWDs using public transportation (6, 8), whereas 

the current study investigated the travel considerations and barriers to using various 

ground transportation modes and was therefore able to identify the parking-related barriers 

associated with private vehicle use. Some study participants reported that finding accessible 

parking is generally challenging: “I have to look for accessible parking. There’s usually only 

one or two parking spots, and if you don’t go really early, you don’t get them” (participant 

with DPHY). Thus, individuals with DPHY may not have reported it, believing this to be an 

inevitable part of travel rather than a travel barrier: “I look at the area I tried to find out about 

accessible parking um and I also tried to look at transportation” (participant with DPHY). 

The final reason the accessible parking-related barrier has not been reported in previous 

studies may be that it became more challenging to find an accessible parking lot during the 

COVID-19 pandemic. A participant with DPHY suggested this: “Umm accessible parking is 

great except sometimes where it is or how much there is of it. Especially post-pandemic, a 

lot of stores have moved their accessible parking farther out because they have their pickup 

in that area, so that makes it more difficult.” Since our study has revealed that individuals 

with DPHY have difficulty finding accessible parking, the businesses should pay more 

attention to the installation, operation, and maintenance of accessible parking to encourage 

PWDs to engage in more personal and social activities.

Difficulty finding a parking spot was also reported as a travel barrier by individuals with 

DREM. To the best of the authors’ knowledge, our study is the first to identify this barrier 

for individuals with DREM. Participants described how it is difficult to find an accessible 

parking spot that helps them identify their vehicle from other vehicles: “I choose a spot 

where nobody can park on either side of me,” and “I park away from everybody else” 

(participant with DREM). Another participant with DREM reported: “Oh, parking can be a 

pain in the butt, but again I use my anxiety as a tool, I’ll park all the way at the back of a 

parking lot, rather than trying to jockey the first spot up front.” To reduce the cognitive effort 

of identifying their vehicle, they attempt to park their car in the same parking space every 

time—despite this being far from their destination, they park where they can more easily 

identify their car. Furthermore, for the aforementioned reasons, because the outdoor travel 

distance from the parking spot to their destination may be far, this aspect may be associated 
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with what individuals with DREM reported about adverse weather conditions being a travel 

barrier in the AD stage.

Accessible Service Locations.—Accessibility of service locations was a travel 

consideration across groups of PWDs using public transportation and paratransit/taxi, and 

was consistent with previous findings (7, 13). However, our study found that it was more 

prominent among individuals with DPHY and/or DEYE. This may be because of the nature 

of those particular disabilities and having more general mobility challenges than individuals 

with other conditions. For example, individuals with DPHY and/or DEYE sometimes spend 

more time on their outdoor travel than their counterparts, owing to their lower walking 

speed (24). Also, because of environmental accessibility issues (e.g., malfunctioning ramps 

or lifts, inaccessible curb cuts), individuals with DPHY often have difficulties accessing 

transportation services.

Furthermore, most of the service location accessibility-related issues were associated with 

public transportation rather than paratransit/taxi, and were mainly reported by those living 

in urban areas where public transportation services were provided. Since paratransit/taxi is a 

door-to-door service, it has fewer difficulties accessing a service location.

Transportation Schedule.—Transportation scheduling is reported by many PWDs 

regardless of disability type as a travel consideration in public transportation and paratransit/

taxi (11, 13). The results of our study revealed that PWDs checked the schedule to consider 

and plan a trip, including choosing the mode of transportation, calculating departure time, 

finding the best route: “So, and then depending on the timing so where I want to go. What 

will be the timing of the bus? Will I have to change buses? Is it going to be just a single ride 

that I get on a bus, and it takes me to the destination, or do I have to change two or three 

buses” (participant with DEYE).

Transportation scheduling was reported as a travel barrier. PWDs often have difficulties 

using public transportation owing to unreliable schedules (e.g., a bus arrives late or early, 

or sometimes does not appear at all). PWDs also have difficulties using paratransit because 

they cannot use this service on demand. For example, to use paratransit, it is necessary to 

book it at least 24 to 72h in advance, depending on the company or region, and it has a 30 

min or longer arrival window (e.g., transportation can arrive any time between 10:00 and 

10:30 a.m.).

Transportation App Challenges.—PWDs reported transportation app challenges as a 

travel barrier in using public transportation—a finding unique to our study. PWDs use 

transportation apps to plan a trip or to identify the current locations of the transportation 

(13). However, as apps sometimes malfunction, PWDs can experience difficulties planning 

trips and using public transportation. For example, individuals with DEYE might use a 

transportation app on the bus, primarily relying on the app if the bus does not have a PA 

system (as stated, the app notifies them of their current location and when they arrive at their 

destination stop). However, if the app malfunctions, they may have difficulty identifying 

their destination stop: “sometimes the GPS that operates with the buses gets a little out of 
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sequence, with our current location versus where the bus says or thinks that we are” (a 

participant with DEYE).

High-Traffic Patterns.—High-traffic patterns was a travel barrier reported only by 

individuals with DREM. They recounted that they drive only at times when the traffic is 

similar to or quieter than the conditions they are accustomed to driving in. This finding was 

consistent with previous studies that found that PWDs are less likely to drive during peak 

hours or on unfamiliar roads or to new places (5). They prefer to drive in light traffic because 

high-traffic conditions can be cognitively challenging as they must deal with more diverse, 

complex, and unexpected situations (25). Other strategies individuals with DREM use for 

minimizing cognitively challenging situations when driving include practicing several times 

with their guardian before going to an unfamiliar destination and using only familiar roads to 

reach the destination: “We drove out to where it was going to be the day before and planned 

a safe route to get there” (participant with DREM).

Cost.—Cost was reported as a travel consideration, especially when PWDs considered 

whether to travel by taxi or by another means of transportation: “But I think if I don’t 

need to take an Uber-like, I would probably take a bus because it’s cheaper” (participant 

with DREM). Therefore, since cost is a travel consideration, introducing a more convenient 

and cheaper mode of transportation or increasing cost subsidies for PWDs could encourage 

engagement in personal and social activities.

Modifiable Barriers: Educational

Public Perception.—Public perception was primarily reported by individuals with DPHY 

as a travel barrier to using public transportation. Public perception was identified in a 

previous study, yet this mainly focused on the attitudes or resistance of transport operators 

(e.g., inappropriate driver attitudes or drivers refusing to stop) (8). In addition to the previous 

findings, our study identified that PWDs experience resistance from bus drivers and also 

from other passengers. For example, individuals with DPHY experience resistance from 

bus drivers and other passengers as a result of the delays caused when using the ramp/lift 

for ingress/egress or getting wheelchair securement (i.e., tieing the wheelchair down). One 

participant with DPHY said,

Yeah, a lot of people like to be tied down. In the vehicle, there’s tie downs, so the 

driver, if you want that, the driver has to flip up the seat, get out of their seat, flip up 

the seat, and then tie you down, and that takes a lot of time. And if you want that, 

you’re going to get some resistance from the driver and the passengers. They are 

not happy about you needing to do that. They want to get to where they’re going as 

quickly as possible, and they don’t want to take the time.

This finding shows the need to raise awareness in drivers and the public about the needs of 

PWDs (23).

Another public perception issue is that the bus drivers do not recognize wheelchair users 

at the stops. This perception is because PWDs reported occasionally having missed a bus 

because the bus driver did not see them. For example, a participant with DPHY, said: “I do. 
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You’d be amazed how many of us are at the bus stop with bright pink colors. And we’re like, 

yay, we can be seen! And I always stand, like if there’s a group down there, always like, 

huddle in the middle of the group, so I don’t get missed.”

Lack of Knowledge About a Service.—Our study identified a lack of knowledge 

about service as a travel consideration and barrier in using public transportation (11, 13). 

Participants reported that using public transportation can be challenging if the person is new 

to it: “Well, initially my experience entering was really a little bit of, uh, embarrassing. It 

was embarrassing. Because I didn’t know what to do. You know? I didn’t know where to 

put the money” (participant with DPHY); and “public transports buses can be challenging 

see us especially when you’re new to it. Like I said I’ve been riding the bus for many years 

now, but when I first began, the drivers were, and this was before all the APP that exists” 

(participant with DEYE). Since there is no unified method for using public transportation 

(e.g., payment method, means of entering/exiting the vehicle, rules of use), any public 

transporation service should be designed and operated intuitively so that even first-timers 

can easily use them, and appropriate explanations for using the service should be accessible 

when necessary (11, 13). Furthermore, for PWDs, provision of transport options, related 

information, and travel/mobility training should also be offered (23).

Unsafe Driving.—A few PWDs reported unsafe (reckless) driving as a travel barrier to 

public transportation and paratransit/taxi use. For example, a participant with DEYE, said, 

“Depends on who’s driving if generally, it is a person who is a safe driver, I have no 

problems. And if it’s a dangerous driver I am lucky enough to get out I don’t get in the 

next time.” Another participant with DREM, said, “in some cases where would catch like 

an Uber or a taxi home from an airport or someplace like that, those drivers they drive extra 

fast and they swerve in and out of traffic, and it is just hair raising. So, I prefer not to take 

those because I don’t feel secure.” Since unsafe driving raises such concerns, drivers should 

be trained to operate vehicles in a manner that is comfortable and secure for passengers (23).

Nonmodifiable Barriers

Health Conditions.—Health conditions were mostly reported to be a travel consideration 

and barrier by individuals with DPHY. Our finding was in line with previous studies 

reporting that individuals with chronic health conditions are more likely to have difficulties 

using public transportation when traveling (6). Specifically, our findings identified that a 

health condition is a factor to consider before taking a trip rather than a barrier needing to 

be confronted during a trip. Individuals with medical conditions decide whether to take a trip 

based on their symptoms (e.g., strength, endurance, fatigue). For example, such individuals 

might avoid long-distance travel or long duration trips, or prefer to travel during a certain 

period of the day. This idea was described by a participant with DPHY: “sitting for a long 

time is difficult. I don’t have a lot of room with the hand controls, and it’s difficult to move 

my feet. So, the longer I sit without being able to move, the more, the worse it is. So, longer 

trips are kind of out for me to drive myself.” Another participant with DREM noted, “Oh, 

I also don’t like to drive at night. I would prefer not to drive at night. As a matter of fact, 

because the headlights exacerbate my headaches.”
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Motivation.—A unique finding in our study related to motivation—a vital travel 

consideration for PWDs when taking a trip. A participant with DPHY said, “Um, but in 

the opposite effect, of late have felt like I needed to go out and needed to see people so, 

um, that comes into play also. You know, if I’m feeling especially isolated, you know I’ll 

just go out to CVS and walk around. I’m, you know, picking up a script, but it’s a way of 

socializing.” Another participant with DEYE, said, “Well the first thing is my motivation to 

go towards the trip, how motivated I am.” This finding illustrates that in addition to physical 

and environmental factors, psychological factors also play a role in CT and PT. Accordingly, 

further research might identify what other psychological factors are involved in CT and PT

Adverse Weather Conditions.—Adverse weather conditions were identified by all 

PWDs to be a travel consideration, which was in line with a previous study showing 

that PWDs are less likely to drive in bad weather than individuals without disabilities 

(5). However, individuals with DPHY were more likely to report it as a travel barrier. 

This may be because individuals with DPHY might have to wait longer outdoors, or to 

use a lift or ramp to enter/leave a vehicle. Similarly, most participants reported adverse 

weather conditions as a barrier to using public transport rather than a private vehicle 

or taxi/paratransit. Since private and paratransit/taxi are door-to-door services, whereas 

public transportation is a stop-to-stop or station-to-station service, traveling by public transit 

requires more outdoor travel elements and is therefore more likely to be affected by adverse 

weather conditions.

Individuals with DEAR

We investigated travel considerations and barriers to ground transportation for individuals 

with DEAR. Although it was not reported to be a travel consideration or barrier, we did 

find that individuals with DEAR required extra mirrors to ensure safe, independent driving 

because, as they cannot rely on their sense of hearing, they mainly rely on their vision. In 

addition to the extra mirrors, inserting vibrating alerts and/or visual alert devices (flashing 

lights) that are only activated by specific sounds (e.g., ambulance or police sirens, honking 

from car horns) using sound recognition technology could enable people with DEAR to 

experience safer and less stressful driving conditions (26).

No other considerations and barriers were identified in the current study, which was 

consistent with prior reports that individuals with DEAR have fewer challenges when using 

transportation than other disability groups (8). However, because we interviewed only one 

individual with DEAR in the current study, there could be other travel considerations and 

barriers that our study did not identify.

Summary and Recommendations

In summary, our study used a journey mapping methodology to investigate travel 

considerations and barriers for PWDs using private vehicles, public transportation, and 

paratransit/taxi/rideshare. Our findings make important contributions to the literature as we 

have demonstrated how journey mapping identified some of the barriers to travel when 

using various transportation systems, and the underlying reasons for those barriers. The 

methodology also identified travel barriers and considerations at every stage of travel, 
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especially in relation to the pretravel stages (i.e., CT and PT). This study’s findings, if 

addressed through new research, development, business, and/or government efforts, could 

facilitate PWDs using the current modes of transportation more conveniently, effectively, 

efficiently, and safely; furthermore, the results could enable a more seamless and efficient 

transition to future transportation efforts incorporating autonomous and other emerging and 

advanced mobility technologies and services.

For example, PWDs constitute one of the groups who may potentially be significant 

beneficiaries of autonomous driving systems; however, current autonomous system designs 

often fail to capture the perspectives of this population and, thus, may be unintentionally 

excluding them from using these systems (9). There are efforts to develop fully accessible 

and easy-to-use autonomous driving systems. These efforts include vehicle ingress/egress, 

third-party assistance required, wheelchair securement, malfunctioning PA systems, vehicle 

identification challenges, and unsafe driving (27). In addition to these efforts, we expect 

that with the development of other technologies such as the Internet of Things (IoT), 

and other features, the non-vehicle-specific barriers will also be removed or mitigated. 

These technologies and features include smart parking systems, including finding accessible 

parking near destinations, reserving a parking space in advance, and automatic fee charging; 

and smart traffic-control systems, including real-time traffic monitoring and traffic-light 

management, and real-time vehicle/public transit information. When introducing these new 

technologies and services, transportation professionals should endeavor to identify and 

implement methodologies that are universally accessible and promote inclusivity.

This study’s insights have provided guidance for the design and development of current 

and future transportation systems, which may include autonomous vehicles and the 

codes, standards, and best practices that govern and inform them. Transportation-related 

infrastructure is typically governed, built, and operated by multiple public- and private-

sector entities, often with competing or overlapping jurisdictions and responsibilities. State 

and local governments must address such infrastructural issues and set appropriate codes 

for public- and private-sector development and operations, including accessibility to service 

locations, transportation schedules, difficulty finding a parking spot (including accessible 

parking), the lack of knowledge about services, and cost issues. This research has reinforced 

the importance of involving all key stakeholders and ensuring their perspectives are heard 

within the multidisciplinary teams responsible for the development of the overarching codes, 

standards, and best practices. Our findings further suggest that these diverse stakeholders 

be included in the design of major infrastructure and transportation systems. Beyond 

the more typical stakeholders, the research has shown that it is essential to include 

an expanded group of end users and caregivers, transportation service providers, policy 

makers (e.g., state and local governments), accessible transportation service providers 

(e.g., transportation services companies, driver rehabilitation specialists, adaptive driving 

instructors, paratransit and rideshare operators), healthcare providers and health service 

providers (e.g., physicians, vocational rehabilitation counselors, social workers), designers 

(e.g., vehicle manufacturers and modifiers, architects, designers), and engineers. Periodic 

meetings and organic cooperation among the stakeholders will help mitigate travel 

considerations and barriers to transportation for PWDs. To mitigate infrastructure issues 

related to accessible parking, several efforts should be undertaken. State and local 
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governments should diligently enforce parking regulations while concurrently evaluating 

their relevance to current needs. Improvements to regulations, standards, and policies could 

be achieved by actively engaging with and involving a diverse range of stakeholders 

in the decision-making process. Collaborating with businesses, shopping centers, public 

facilities, and other organizations to encourage the provision of additional accessible 

parking spaces cuold yield significant benefits. Offering incentives, such as tax benefits 

or recognition, could serve as powerful motivators for these entities to invest in enhancing 

accessibility. Additionally, public awareness campaigns and advocacy could educate the 

general population about the importance of accessible parking spaces and of leaving 

such designated areas free for PWDs’ use, and, further, could serve to foster empathy, 

understanding, and respect for these travelers. Lastly, the integration of technologies, 

including IoT, will play a pivotal role in mitigating the challenges associated with finding 

accessible parking.

Limitations

Although this was a relatively sizable interview-based study, it was very heterogeneous, 

that is, it included only small numbers of those with vision, hearing, and combined physical/

visual disabilities who, therefore, may not necessarily represent all the perspectives of 

PWDs. Further, given the sociodemographic characteristics of the participants, they may not 

fully represent PWDs living in the United States. The study goals were to demonstrate the 

value of and to validate the journey mapping methodology, as well as to gain initial insights 

into the potential pain points experienced by these groups over the various transportation 

phases. Future studies utilizing journey mapping methodology to further investigate such 

issues within these subgroups are warranted.
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Figure 1. 
Example of taking a trip as an individual with disabilities.
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