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EXECUTIVE SUMMARY

Transportation is essential for older adults to provide a social link between home and
community and to enable access to living essentials, such as groceries and medicine.
This study seeks to understand transportation access, opportunities, and barriers faced
by older adults, and investigate how transportation strategies and planning policy can
better shape their mobility options. While significant recent research has focused on
developing various mobility alternatives for all people, the policy recommendations to
support such services to older populations remain unclear.

This study proposes a research collaboration between a transportation engineer, an
industrial engineer, and a social worker, with an aim to enhance the impacts of
transportation policy and planning on the mobility of older adults. We seek to determine
the degree to which educational tools or information reduces any technology barriers to
access new, alternative transportation services and how institutional supports, such as
providing volunteer-based, on-demand ride-hailing, can promote mobility of community-
dwelling older adults. We conducted a survey and in-depth interviews with older adults
participating in home- and community-based programs (e.g., caregiver support
program, elder financial safety center, retired senior volunteer programs) to understand
their mobility needs, the usage of available transportation options, potential barriers,
and assistance they expect from public or private entities. Using the survey and
interview data, the research team developed two behavioral modeling — Latent Class
Cluster Analysis and Persona Development — to understand mobility barriers, gaps, and
behaviors among older adults. The developed modeling identifies the relationships
among respondents’ mobility, neighborhood environments, and accessible
transportation service. Lastly, an agent-based model will be developed to predict the
impact of enhanced policy and planning strategies on mobility outcomes for older
adults.

The results of this study provide policymakers with actionable strategies for improving
mobility for community-dwelling older adults, thereby improving their quality of life. The
proposed project is closely addressing social equity in transportation access across
older populations and identifying strategies that can improve mobility and access among
this transportation-disadvantaged population.



1.0 INTRODUCTION

1.1 BACKGROUND

Mobility is a critical element of one’s quality of life, regardless of one’s age. However,
aging has been linked to a decrease in travel activities including driving and walking.
The National Household Transportation Survey (NHTS) found that 21% of Americans
age 65 and over do not drive because of health reasons and safety concerns (Marx et
al., 2010). According to the U.S. Census Bureau (2015), adults aged 65 or older
accounted for 15% (46 million) of the population in 2014, and this is projected to
increase to 21% (74 million) by 2030. Maintaining mobility for older adults is critical, as it
helps them to maintain their independence and quality of life. However, a number of
barriers, such as decreased physical/mental capabilities associated with aging,
transportation costs, and inadequate transportation options, may preclude them from
driving or using other transportation options. While some older adults are able to rely
on their family members or friends to go shopping and run errands, others experience
access challenges, including unavailability, unawareness, and unaffordability, to the
existing transportation options. This is particularly problematic in urban areas where a
shortage of affordable housing located near transit, retailers, and other services forces
low-income older adults to live in resource-scarce neighborhoods (e.g., food deserts).
The advent of shared mobility, such as ride-sharing, car-sharing, and on-demand
paratransit, could offer a potential solution for transportation-disadvantaged older adults.
However, their willingness and ability to adopt mobility alternatives remain unclear since
many potential barriers exist, including a lack of knowledge about technology related to
a smartphone application, unbanked or limited electronic payment options, and negative
perceptions (e.g., fears) about shared vehicles.

Society recognizes the importance of mobility and has made efforts to assist older
adults through various transit programs (e.g., ride-share and on-demand vanpool) to
enable older adults to participate in civic, economic, and social activities (Spinney et al.,
2009). Public policy and programs for older adults, such as the age-friendly initiative,
focus on creating a place that allows individuals to age in place (Greenfield, Oberlink,
Scharlach, Neal, & Stafford, 2015). While an age-friendly community aims to design a
safe and secure place for all people, it also highlights affordable and appropriate
transportation options to help older adults maintain quality of life (AARP, 2016).
According to a survey conducted in a community in Dallas, TX, 87% of adults age 55
and over drive themselves to maintain daily activity, while 25% walk or get a ride, and
only 5% use paratransit service (AARP, 2016). The AARP survey results reveal the
importance of mobility alternatives because the overreliance on driving could
significantly impact their independence when they experience temporary setbacks or
are no longer able to drive. Lastly, the survey respondents highlighted that affordable
and safe alternative transportation services for older adults and those with disabilities
remains important, because many depend on driving for transportation. In April 2019,

2



the City of Dallas responded and announced a broad goal to provide residents with the
information and educational tools they need to make informed travel choices through a
wide range of transportation options, including (i) ride-sharing services (e.g., Uber or
Lyft); (ii) door-to-door or curb-to-curb mini buses; (iii) volunteer driver programs; and (iv)
transportation voucher programs providing financial support for low-income populations
(National Aging and Disability Transportation Center, 2019). However, scant research
has evaluated the effectiveness of these enhanced policy and planning strategies on
improving the mobility of older individuals. Transportation researchers have rather
focused on developing operating strategies to improve the quality and frequency of
mobility-enhancing services. Such strategies often fail to understand individual-level
requirements and barriers. For example, one study investigating a ride-sharing service
for older adults revealed that, while technological knowledge played an important role
(Lian & Yen, 2014), other significant factors, including disabilities, neighborhood
insecurity, a lack of resources, and cost affect active utilization of the new ride-sharing
services. The proposed project will fill the gap in the literature by focusing on
community-dwelling older adults and understanding their differing mobility needs and
barriers, and investigating how transportation strategies and planning policy can better
assist their mobility.

1.2 RESEARCH OBJECTIVE

This study seeks to understand what form of assistance or educational strategies can fill
the varying mobility gaps and meet the needs of older adults. Local stakeholders, such
as the City of Dallas, are continually striving to provide a wide range of transportation
options for older adults. Our work will not only provide the stakeholders with more
detailed information about older residents’ preferences and unmet needs, but it will also
provide strategic solutions to enhance their mobility based on a simulation-based
analysis. The overarching goals of this research project are (i) to understand
transportation activities, needs, and barriers for community-dwelling older adults; (ii) to
develop a suite of potential planning strategies to reduce barriers and enhance mobility
of older adults; and (iii) to investigate the potential impacts of these strategies for a
given metropolitan region.

Specific research objectives include:

1) To identify available transportation access and mobility options for older
adults in the greater Dallas, TX, area, including conventional transit systems
and new emerging mobility alternatives such as ride-sharing and on-demand
paratransit systems;

2) To evaluate community-dwelling older adults’ awareness of each of these
mobility options, their willingness to utilize them, actual usage and frequency
of available transportation options, and any associated challenges and
barriers to accessibility;



3) To develop policy and planning strategies to enhance the older adults’ overall
mobility considering their mobility and socioeconomic profiles of
neighborhood environments;

4) To develop a simulation tool to predict the impact of the policy and planning
interventions on older adults’ mobility and accessibility; and

5) To evaluate overall community and individual mobility and accessibility
changes resulting from the developed planning strategies.

The findings from survey and behavioral modeling are expanded through the
development of an agent-based model (ABM), which performs experiments that predict
the impacts of potential transportation policy interventions on older adults’ mobility. ABM
is a computational simulation modeling method where software agents represent
autonomous individuals who are capable of making decisions, interacting and
collaborating with other agents, and adapting over time to meet their objectives. These
individual-level interactions and adaptations can lead to changes in overall system
behavior that are often difficult to predict simply by examining the behavior of the
individuals. Thus, ABM is well suited to understanding and predicting the behavior of the
complex systems that support urban mobility, which consist of many heterogeneous and
interacting stakeholders with behaviors that evolve over time (Maggi & Vallino, 2016).
Rather than using a statistical aggregate to represent travel behaviors, ABM more
realistically represents individuals as discrete heterogeneous agents. However,
traditional discrete-choice statistical models of travel behavior can be integrated into
ABMs to inform agent decision rules (Shiftan et al. 2015). ABM has been used to study
urban mobility, typically with an aim of predicting individuals’ transport mode choices
subject to public policies that are intended to reduce congestion, reduce greenhouse
gas emissions, and increase public transit use. However, the literature describing
applications of ABM to the mobility requirements of older adults is sparse. Recently,
Yang et al. (2018) developed an ABM to study the effects of urban walkability and
transit availability on the mental health of older adults with heterogeneous mobility-
related attributes (e.g., age, car ownership, income level). The proposed project
leverages the capabilities of ABM to realistically simulate the dynamic and
heterogeneous individual travel behaviors of older adults in an urban setting, as well as
the social interactions that occur among older adults that may influence their travel
behaviors. The proposed model assists in transportation planning by predicting
individual and community-level responses to different transportation policy levers, as
well as the overall impacts on older adults’” mobility.

1.3 REPORT STRUCTURE

This report is structured as described herein. Chapter 2 will discuss previous studies
addressing the mobility options for older adults, factors impacting mobility of older
adults, the resilience of older adults during COVID-19, behavioral modeling, and agent-
based modeling. Chapter 3 will discuss data collection techniques, Chapter 4 will
present methodologies of data analysis using Latent Class Cluster, stakeholder-driven
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approach, agent-based modeling, and qualitative analysis, followed by Chapter 5
discussing the results of each modeling. Chapter 6 will provide discussion and
recommendations based on the modeling findings, and finally, Chapter 7 provides the
conclusion.



2.0 LITERATURE REVIEW

2.1 OLDER ADULTS’ MOBILITY OPTIONS

For older adults, transportation is an important predictor for independence, quality of
life, and personal well-being (Bryanton et al., 2010). Access to safe and reliable
transportation services is considered the most important factor in determining the
livability of a community for older adults (AARP, 2016). However, many older adults,
regardless of their socioeconomic characteristics, tend to rely on driving until they are
no longer safe behind the wheel since they lack knowledge of or interest in alternative
transportation options (Anstey et al., 2006).

Public transportation, the second most common alternative for those with or without
private vehicle ownership, is considered an affordable transportation mode for
particularly low-income older adults. Studies showed that public transit is more popular
among minorities and low-income populations (Kroesen et al., 2017), compared to non-
Hispanic Whites and people with high income (Hess, 2009). Public transit access to
medical services and social activities gives them a sense of independence and freedom
(Kiuchi et al., 2020). However, public transit services often lack practicality and
convenience for older adults who live in suburban or rural areas (Anderson, 2016). In
addition, long walking distances to transit stops, limited operation hours, inflexible
schedules and routes, uncomfortable rides, and difficulties in physically entering and
exiting the public vehicles are major barriers for older adults to use public transit
services (Coughlin, 2001). There are also mobility services operated by government
agencies, transit operators, communities, and private organizations (e.g., paratransit,
community/religious center volunteer transportation) that exclusively serve older adults
or people with disabilities. Although low-income older adults especially welcome this
paratransit service (AARP, 2016), high demand and inflexible operations often resulted
in overbooking problems, which makes it very difficult for older adults to reserve the
service (Miah, 2020).

Alternatively, low-income older adults may rely on family members or friends for
mobility. Although it appears to be the most familiar and convenient mode for older
adults who do not drive or do not make regular daily trips, some older adults are
disinclined to adopt this option because it makes them feel dependent and beholden to
others (Coughlin, 2001). Formal ride-hailing businesses, such as Uber or Lyft, may
appeal to older adults by providing a similar level of convenience with curb-to-curb or
door-to-door services that also include wheelchair accessible vans. However,
researchers documented that high cost and safety concerns hinder some older adults
from adopting such services (Coughlin, 2001). Lack of knowledge (Vivoda et al., 2018)
and affordability (Robinson et al, 2020) also demotivate low-income older adults to use
ride-hailing services.



2.2 FACTORS IMPACTING OLDER ADULTS’ MOBILITY

The population of older adults in the U.S. is more heterogeneous than ever, resulting in
diverse mobility and transportation needs. Therefore, one of the main goals of using
personas in this study is to identify the most vital factors affecting the mobility needs of
the most vulnerable older adults from a diverse population. According to the gerontology
and transportation literature, the most frequently studied demographic factors impacting
older adults’ mobility include age, health, gender, education, income, race, and
ethnicity.

2.2.1 Age and Health

While age is not the sole predictor of older adults’ transportation mode choices, their
preferences evolve and change as they step into older age cohorts (Kim, 2011). In
particular, older adults reduce their driving activities incrementally until driving cessation
(Rosenbloom, 2003; Rimmoé & Hakamies-Blomqvist, 2002). Younger older adults, aged
65 to 75, are not significantly different from adults aged 18 to 59 in terms of car usage,
and they travel longer distances by car after entering retirement (Alsnih & Hensher,
2003). By contrast, Rosenbloom (2003) indicates that 80% of those aged 85 and over
only drive for half of their trips and avoid driving at night, during hazardous weather
conditions, and at rush hour. Compared to previous generations, older adults today are
expected to experience longer durations of relative wellness while coping with multiple
chronic diseases (Coughlin, 2009). However, it is inevitable that older adults will
experience a decline in physical and cognitive health with increasing age, and vision
impairment and slowed reaction time will eventually lead to driving cessation (Adler &
Rottunda, 2009). However, the health of older adults in the same age cohorts differs
greatly (Kim & Ulfarsson, 2004), and their transportation preferences and decisions
depend on their self-perceived health, rather than their chronological age.

In general, as older adults age, they tend to avoid using public transportation
(Rosenbloom & Waldorf, 2001). The trouble of walking to a bus stop outweighs the
difficulties of driving a car (Rosenbloom, 2003; Hjorthol, 2013). Other health-related
reasons to avoid public transportation include the inability to maintain balance during
rapid acceleration and deceleration and issues with getting on and off the vehicle
(Coughlin, 2001). As a result, many older adults persist with driving until they are no
longer able to operate a car safely. According to Adler and Rottunda (2006), older
people cease driving by self-acknowledging the hazardous impacts of driving with their
declining health, or they are influenced by their family and friends to give up driving. At
that point, they may consider using special transportation services, such as paratransit
and senior vans, to meet their transportation needs (Kim, 2011).

2.2.2 Gender

Research has determined that older women have less mobility than men primarily
because they outlive their male counterparts (Kim, 2011; Hjorthol, 2013; Rimmo &
Hakamies-Blomqvist, 2002; Kim, 2003). As women live longer, their disability rate
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increases (Alsnih & Hensher, 2003), which creates a greater need for transportation
assistance. However, older women are reluctant to utilize public transportation and
walking after giving up driving (Kim, 2011), and women aged 65 and older are twice as
likely to live alone, due to being widowed and not having children nearby to live with
them (Rosenbloom & Winsten-Bartlett, 2002).

Older men are less likely than older women to voluntarily cease driving (Hjorthol, 2013).
Older women tend to self-regulate and reduce their driving activities (Bauer, Adler,
Kuskowski, & Rottunda, 2003), and they also cease driving sooner than men (Freund &
Szinovacz, 2002). However, according to Edwards, Bart, O’Connor, & Cissell (2010),
the rates of driving cessation among modern cohorts of older women are declining, with
women managing most of the household activities outside the home that require travel
(Coughlin, 2009). In addition, 70% of women work either part time or full time and,
therefore, engage in more driving, thanks to higher professional engagement, income,
and education (Bauer et al., 2003).

2.2.3 Education and Income

Transportation mobility of older adults is positively correlated with their education levels
(Kim, 2003). However, while the general assumption is that income level is strongly
associated with education level, Kim also determined that income is not significantly
associated with the mobility of older adults. Coughlin (2009) explains this contradiction:
older adults with more education are engaged in community and volunteer activities,
visit family and friends, and go to libraries for their self-development. Therefore,
advanced levels of education are associated with larger social networks (Marin-Lamellet
& Haustein, 2015), which encourage older adults to undertake additional trips, rather
than traveling only for basic needs. In another study, Kim (2011) indicated that the
household income of the elderly is often related to education levels. Regardless of the
relationship between education and income levels, many studies show that low income
leads to mobility deficiency (Rosenbloom & Waldorf, 2001; Rosenbloom & Winsten-
Bartlett, 2002; Dupuis, Weiss, & Wolfson, 2007; Ramsay, 2008).

Older adults with incomes of $35,000 or higher prefer to drive their personal cars, or
they will utilize carpools and vanpools if their health condition limits their driving abilities
(Kim & Ulfarsson, 2004) — public transportation is their least-preferred option. By
contrast, older adults with incomes of $20,000 or less are less likely to drive a car
(Rosenbloom & Waldorf, 2001), because they cannot afford the cost of owning,
maintaining, and operating a car even if they are still able to drive (Rosenbloom, 1988).
Regardless, most non-driving older adults are likely to be among the oldest, living alone
and having less than 14 years of education (Anstey, Windsor, Luszcz, & Andrews,
2006). Women are more likely to live in poverty and, therefore, lack transportation
options that enable them to have access to the services and goods they need
(Rosenbloom & Winsten-Bartlett, 2002). Compared to men, older women have relatively
more financial vulnerability, with limited disposable income after retirement. Hence, this
income inequality creates a transportation gender discrepancy (Dupuis, Weiss, &
Wolfson, 2007).



2.2.4 Race and Ethnicity

Race and ethnicity have an important impact on the mobility of older adults and their
transportation activities and preferences. White older adults make longer and more
frequent trips than older adults from other racial and ethnic backgrounds (Rosenbloom,
2003). In the case of driving cessation, White older adults favor getting a ride with a
friend or family member over using public transportation or walking (Kim, 2011), while
Asian-American and Black older adults are likely to choose public transportation more
often than older White people (Rosenbloom & Waldorf, 2001). Freund and Szinovacz
(2002) found that Black and Hispanic older adults are more likely to avoid driving a car
and prefer to limit their driving to short distances. In addition, older Black adults lean
towards using paratransit and senior vans, and older Hispanic adults are more likely to
use public transportation when they can no longer drive (Kim, 2011).

There is a significant mobility difference between men and women across racial and
ethnic groups (Rosenbloom, 2003). Older Black men travel 32% less than older White
men, and older White women make trips three times more frequently than older Black
women (Kim, 2003). This discrepancy is observed across all income levels.
Furthermore, older Hispanic women with less than $20,000 in annual household income
are 50% less likely to make daily trips than older Black women (Rosenbloom & Waldorf,
2001).

2.3 RESILIENCE AND COVID-19

Older adults have been perceived as the group most vulnerable to the effects of
COVID-19, with high mortality and infection rates (Shahid et al., 2020). Prior to COVID-
19, social isolation was already established as a major health concern for older adults
that results in an increased risk of cognitive decline, mortality, and re-hospitalization
(Nicholson, 2012). Researchers argue that social distancing and stay-at-home orders
have disproportionately affected older adults, making this population more socially
isolated than ever (Morrow-Howell et al., 2020; Berg-Weger & Morley, 2020).

Due to fears of the virus as well as social distancing guidelines, older adults were likely
to struggle with fulfilling spiritual and emotional needs (Vernooij-Dassen et al., 2020).
Moreover, physical activity in the older adult population was affected, with 53.4% of
respondents aged 70 and over reporting a decrease in exercise since COVID-19 began
(Central Statistics Office, 2020). Hare et al. (2013) and Levia et al. (2017) argued that
the effects of depression on cardiovascular health were coupled with sedentary
behaviors. The combination of decreased social interaction and physical exercise
brought on by COVID-19 puts the older adults at a much higher risk of overall health
(Goethals et al., 2020). While many researchers have documented devastating impacts
of the COVID-19 pandemic on older adults’ health and well-being, there is a lack of
research identifying protective factors at varied levels in order to support older adults in
their resilience against various stressors during COVID-19.



Resilience is defined as a “dyadic interdependence” of individual and environmental
factors (Aldwin & lgarashi, 2012). The ecological model of resilience includes individual
(e.g., individual characteristics), contextual (e.g., family and friends), and sociocultural
(e.g., institutions or community) resources to understand how well equipped an
individual is to cope with novel stress (Aldwin & Igarashi, 2012). According to this
model, individual resilience involves not only individual coping strategies, but also the
individual's environment, which may enable or impede individuals’ ability to apply those
coping skills. For example, individuals with poor health, limited social networks, or low
socioeconomic status tend to lack the opportunity to utilize individual coping skills, not
necessarily due to limited capability of individuals but rather due to their environment
(Aldwin & lgarashi, 2012).

Technology has been perceived as a resource to help individuals cope with many of the
challenges associated with the COVID-19 pandemic (Morrow-Howell et al., 2020). Older
adults’ use of technology on a daily basis has been linked to higher rates of self-efficacy
and coping strategies for stress (Yagil et al., 2016). However, older adults who have
difficulty with technology or those who do not have smartphones disproportionately
experience isolation (Seifert et al., 2021). Morrow-Howell et al. (2020) describe the
pandemic as a “sink or swim moment” for older adults’ relationship with technology,
suggesting the importance of focusing on vulnerable older adults who were unable to
utilize technology for information, socialization, and remote appointments.

In addition, Morrow-Howell et al. (2020) argued that family can play an important role in
increasing the health and well-being of older adults during COVID-19, particularly for
older adults with physical and functional limitations who have high dependence on
outside help. Furthermore, the relationship between poor built environments and high
COVID-19 death rates appeared to be positive (Hu et al., 2021). Impoverishment of
one’s neighborhood (e.g., poverty or crowded homes) results in poor built environments,
which makes low-income individuals who predominantly live in these neighborhoods
highly vulnerable to COVID-19 outcomes (Emeruwa et al., 2020).

Most available data focuses on capturing changes in physical activity and social
behaviors, but fails to explore subjective experiences of older adults from marginalized
backgrounds regarding their day-to-day lives during the pandemic (Woods, et al., 2020;
Berg-Weger & Morely, 2020). As much as marginalized populations were
disproportionately affected by the COVID-19 pandemic (Kantamneni, 2020), it is critical
to present primary data showing some challenges that they are experiencing.

In particular, Whitehead and Torossian (2020) highlighted older adults’ coping behaviors
in response to COVID-19-related stressors. By categorizing factors that older adults
might have found joyful and comforting in the midst of COVID-19, Whitehead and
Torossian indicated coping resources such as family, faith, and self-care. However, this
study lacked in-depth information from voices of older adults and addressed the needs
of identifying various levels of protective factors in place among marginalized older
adults to combat various challenges associated with COVID-19. This study fills the gap
in the current state of knowledge by conducting in-depth interviews to explore daily
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activities of marginalized older adults during the COVID-19 pandemic when there was
statewide quarantine enforcement to understand how they cope with various
challenges. Using a general inductive approach, we identified protective individual,
social, and environmental factors that support marginalized older adults from such
adversity.

24 LITERATURE REVIEW ON MODELING STRATEGIES
2.4.1 Behavioral Modeling

Individuals’ beliefs and attitudes significantly contribute to their transportation choices.
However, such abstract measures are difficult to recognize and isolate from other
observable features. In transportation decision-making, people who do not have routine
trip behaviors are more likely to be open to information about new options. In contrast,
strong habitual behaviors keep people from seeking new knowledge because they are
heavily driven by their own habitual choices (Verplanken et al., 1997). The constraints
of time, past behaviors, and a lack of alternatives are significant attitudinal determinants
of mode choice (Burian et al., 2018). Attitudinal features, such as comfort, convenience,
safety, and cost, play more important roles in mode choice behaviors than demographic
and network variables (Dobson & Tischer, 1977).

Modeling techniques, such as a regression, multinomial logit, or nested choice models,
were used to quantify the impact of attitudinal attributes on travel mode or route choice
behaviors. Many researchers used a latent variable in a statistical model to understand
the role of abstract factors in transportation behaviors (Rahimi et al., 2020). Ben-Akiva
et al. (1999) used a latent variable in a mode choice model linked with utility and
extracted unobservable features, such as degree of satisfaction, preference for a
choice, and motivation. Paulssen et al. (2014) used a variable capturing value and
attitude in a multinomial discrete choice model. They analyzed the influence of values,
such as power, hedonism, and security, and extracted travelers’ attitudes towards
flexibility, comfort, convenience, and ownership. Kroesen et al. (2017) addressed the
importance of direction of causation between attitudes and travel behaviors to
understand if behaviors change one's attitude or vice versa. Their findings indicated that
a person’s attitude is maintained and bounded to their physical and economic
conditions.

2.4.2 Personas

The concept of personas originated in the field of interaction design as essential
building blocks of software product development. In his seminal book Inmates Are
Running the Asylum, Cooper (2004) defines personas as “hypothetical archetypes of
actual users.” According to Pruitt and Adlin (2006), personas are “fictitious, specific,
concrete representations of target users.” The role of personas is to address the need to
represent users’ personalities, perspectives, attributes, and goals (Cooper, Reimann,
Cronin & Noessel, 2014). In human-centered design, personas eliminate the “elastic
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user” phenomena, which is the tendency of designers to incorporate their own (often
mistaken) perceptions of users into the product (Cooper, 2004). For this reason,
personas support system design decisions in many different fields. For example, Sim
and Brouse (2014) integrated personas into requirements engineering for an improved
understanding of user needs, behaviors, tasks, goals, and requirements in a web
applications domain. Miaskiewicz and Kozar (2011) conducted a Delphi study with a
group of panelists who were experts in personas, which produced an extensive list of
the benefits of using personas, including an emphasis on users, a prioritization of
service and user requirements, the prevention of self-referential design, and greater
empathy for users. Thus, using personas to address the mobility needs of community-
dwelling older adults centers the focus on these individuals and their mobility goals,
rather than the constraints emerging from transportation policies, budgets, providers,
designers, and other stakeholders involved in decision-making. Personas can be used
to prioritize the most vulnerable older adults, whose mobility needs require immediate
attention to make their basic needs easily accessible and improve social aspects of their
lives. In addition, personas can help to determine exact mobility problems of older
adults and define the scope of these problems. Furthermore, the use of personas allows
established organizational assumptions about older adults’ mobility to be challenged. By
creating a shared knowledge of older adults, personas can provide intuitive
understanding and improved communication among stakeholders while creating
awareness of how older adults’ mobility needs are different from stakeholders’ self-
perceived understanding of those needs. Moreover, personas can help to create
emotional identification with older adults, which can unify decision-makers in addressing
their mobility needs. These benefits emerge from the underlying strength of personas in
organizing and presenting raw research data of a diverse population in a way that is the
most natural to the human mind.

Reeder, Zaslavksy, Wilamowska, Demiris& Thompson (2011) utilized personas to gain
insights into the capabilities of members of the oldest age group as information
technology (IT) users. The study produced a set of design recommendations addressing
the needs and obstacles of older adults while accessing care services via IT. Wéckl et
al. (2012) created personas representing 12,500 senior adults aged 60 and older from
northern, central, and southern regions of Europe in order to create a common
understanding of these senior citizens among developers of information and
communications technology (ICT) solutions for older adults. The tool developed in this
study is a “personas filter” which provides 30 basic personas representing European
senior citizens, while allowing developers the capability of customizing according to the
needs of persona users. This layered persona approach eliminates persona creation
from scratch for each different ICT solution for older adults.

2.4.3 Agent-Based Modeling

Agent-based modeling (ABM) is a computational simulation modeling method which
consists of heterogenous agents interacting autonomously with each other and their
environment, based on their characteristics and independent behaviors in an artificial
environment (Axtell & Epstein, 1994; Macal, 2016). As a result of these interactions,
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agents can acquire new knowledge, change their behaviors, and adapt to the changing
population dynamics. Since the agent-based modeling describes a system from the
viewpoint of its constituent units, the bottom-up modeling approach is the most
important feature of ABM (Bonabeau, 2002). The characteristics, interactions, and
dynamic behaviors of these constituent units (agents) may cause unpredictable and
counterintuitive global system behaviors, which lack rational explanation from the agent-
level activities, is called emergent phenomena (Bonabeau, 2002a). Therefore, agent-
based modeling is suited to study complex adaptive systems and emergent phenomena
(Kligl & Bazzan, 2012).

The number of studies using ABM for older adults’ transportation and mobility in urban
settings for policy interventions is sparse. Yang et al. (2018) developed a pilot ABM to
understand the impact of daily transport activities and neighborhood environment on
depression of older adults living in urban areas. Three interventions and the
combinations of these interventions are introduced to this model to understand their
effects on older adults’ depression. The first intervention aims to promote walkability by
increasing neighborhood safety. The second intervention reduces bus fares, and the
third intervention increases the number of bus lines. Implementing a single intervention
did not alleviate older adults’ depression as much as the combination of interventions.
The most effective scenario in reducing older adults’ depression were the combination
of improved walkability, reduced fares, and increased bus lines. Zhang et al. (2018)
used an exploratory ABM to understand older adults’ accessibility to oral health
screening and treatment facilities via transportation networks in northern Manhattan,
New York City. The purpose of the model is to provide decision support to health
planners and policymakers for their endeavors in enabling oral health equity to older
adults. The results demonstrate that the proximity of oral health services impacts older
adults’ decisions to seek oral health services, and the social support in terms of
transportation assistance encourages older adults to participate in preventive oral health
screenings.
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3.0 DATA COLLECTION

3.1 TRAVEL BEHAVIOR SURVEY

This study administered a survey to 146 lower-income adults in Dallas, TX, aged 55 and
older, between February and June 2020. As affordable public transportation options
target senior citizens age 65 and older, this study focused on older adults as aged 65
and over. However, we also recruited adults aged 55 to 64 to distinguish how emerging
seniors differently perceive or perform transportation activities compared to current
older adults. In a partnership with a local organization providing resources and
information for older adults and family caregivers located in Dallas, we used snowball
sampling by recruiting participants from Foster Grandparent Program and Senior
Companion Program of the AmeriCorps Seniors. In order to become volunteers in these
two volunteer programs, volunteers have to be age 55 and older and not exceeding
200% of the federal poverty guidelines (AmeriCorps, 2020). The research team visited
two volunteer trainings and invited potential participants. We also conducted a phone
survey for those who were unable to participate in the survey during the in-person
training. A total of 146 older adults participated in the survey, with 45.5% over the
phone. All of the participants received a $5 Walmart gift card as an incentive. This study
was approved by the University of Texas at Arlington Institutional Review Board (#2020-
0034).

The survey questionnaire asked about overall transportation behaviors, options, and
information regarding their mobility, health and well-being, as well as demographics,
based on performance metrics identified from literature (Molin et al., 2016, Lee et al.,
2019; Kroesen et al., 2017). Transportation behaviors included daily transportation
activity (i.e., performed and missed trips for daily activities) and perceived barriers and
concerns about existing mobility options, including personal vehicle, public transit,
paratransit, ride from family/friends, and walk/bike. Trip frequencies on each mode
recorded the average number of weekly trips, and were categorized into four groups —
more than 10 times, 6 to 10 times, 1 to 5 times, and never. The survey also asked for
the likelihood that the participant would adopt a service in the future, and these
responses were categorized into four groups - highly likely, likely, neutral, and unlikely.
The survey also collected overall attitudes towards different mobility options by asking
for participants’ perceptions of each option to support their independent living, levels of
familiarity, and awareness. We asked whether they obtained transportation information
from local (in-person) or web-based resources.
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3.2 INDIVIDUAL INTERVIEW

Using a convenient sampling method, older adults with limited income were recruited
from urban and suburban communities. We partnered with a local organization that
serves older adults and their family members. Directors from federally funded volunteer
programs (i.e., Foster Grandparents and Senior Companion Program) promoted this
study in their volunteer groups. Inclusion criteria included: (1) being aged 55 and older;
(2) having the ability to provide consent for themselves; and (3) being proficient in
reading and writing in English. As these programs require older volunteers to have an
income of up to 200% of poverty based on the Department of Health and Human
Services poverty guidelines, we did not apply any specific income level as an inclusion
criterion. Those who were interested in the study provided us with their name and
contact information. Trained, female social work research assistants followed up to
reiterate the purpose of the study and conduct the interview over the phone with
individuals who agreed to participate in this study from July through August 2020. The
participants provided consent at the beginning of the conversation and were asked to
find a place where they feel comfortable sharing their lived experiences. As a result, 18
older adults participated in the interviews. During the data analysis, we were able to
establish the repetition of responses, thus determining that saturation was reached
(Power et al., 2015). Each interview lasted approximately 40-60 minutes and the
participants received a $5 Walmart gift card along with a copy of the consent form via
mail. All of the interviews were conducted over the phone and audio-recorded for
transcription. The audio files were transcribed verbatim by a professional company.
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4.0 METHODOLOGY

41 OLDER ADULTS BEHAVIORAL MODELING

4.1.1 Latent Class Cluster Analysis to Understand Mode Choice
Decisions

A Latent Class Clustering Analysis (LCCA) facilitates latent characteristics in a
behavioral choice model by investigating common underlying features that affect the
behaviors. Recently, Molin et al. (2016) used LCCA to understand multimodal users’
mode choice behaviors and influencing factors. Lee et al. (2019) compared travel
behaviors between millennials and Generation X using LCCA, and found that economic
factors and land use attributes affected multimodality behaviors of millennials.

Generally, a cluster analysis classifies objects into groups based on their relative
similarity and provides memberships into the cluster for individual attributes. Latent
Class Cluster in particular categorizes objects to mutually exclusive unmeasured (latent)
classes based on exhibiting patterns of categorical and/or continuous indicators that
describe their relations to the categories. LCCA extracts a significant association
between multiple indicators and allocates each object to an underlying subgroup called
a latent class cluster. As a result, statistically independent observations (i.e., individuals’
attributes) that share a homogeneous nature belong to the same class. The assumption
of independence within a cluster allows the correlations between observations to be
explained by latent variables (Vermunit & Magidson, 2002). Moreover, LCCA produces
a parsimonious model using statistical fit criteria like Bayesian information criteria (BIC)
and Akaike information criteria (AIC) to ensure the clusters maintain stability in their
estimations (Linzer & Lewis, 2011).

With the assumption of conditional independence of the outcomes, Y, the probability
density function of each class is given by the weighted sum of individual probabilities as
expressed below (Molin et al., 2016; Vermunit & Magidson, 2002; Linzer & Lewis,
2011). The model includes two sets of parameters, where a. is the prior probability to
class ¢ and P(c,|Y,,,) denotes class conditional probability such that a subject in class
c gives r' outcome on p manifest variable. Let Y,,r= 1 if a subject n has a response r
to p'" variable and Yn,r= 0 otherwise. If @; and P(c,|Y,,,) are the estimates of a.c and 6.,
respectively, the posterior probability after observing the responses on manifest
variables for each individual belonging to a class c is given by Bayes’ formula,

~ &.f(Y;0 1
Plealty) = s Lom e, W
s=1 as f(Yy;05)
; e n B 1)
ac = a.(Xy; B) = S Kb
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Each individual n has a probability of belonging to a particular group or class depending
on the characteristics of the individual, which are known as covariates. Let X, represent
the active covariates included in the model for individual n. B¢ is the vector of
coefficients for ¢! latent class. For M number of covariates, the length of coefficients

with constants for the vector B. will be M+1. With the assumption that log-odds of latent
class prior probabilities acn, conditional on class c are linear functions of the covariates,
we obtain the following equation after simplification. The posterior probability with the

estimates 3, and épcr and combining equation (1) and (2) is given by,

ﬁ(cnIXn; Yn) =

This study used a software package poLCA in R programming to categorize the

e (X B)f (Y )
Zts: as(Xn;ﬁ)f(Yn; é\s)

(1)

behavioral manifest indicators, representing modality usages and adoptions (see Figure
4.1). The model further incorporates covariates or exogenous variables using a logistic

regression framework, as shown in a structural model. The covariates perform

comprehensive elaboration of individuals’ characteristics belonging to a particular latent
class (Linzer & Lewis, 2011). The model introduces several active covariates, including
sociodemographic and barrier-related variables, as well as a few inactive covariates to

further characterize the modality choices of older adults.
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4.2 AGENT-BASED MODEL

The data collected from the travel behavior survey was used to develop an empirically
informed ABM. In this model, each agent represents an individual community-dwelling
older adult resident of the city of Dallas. The purpose of the model is to simulate the
transportation-related decisions and behaviors of these heterogeneous older adults,
subject to their schedules, desired travel destinations, and the availability of different
transportation options. By experimentally varying these factors and assessing their
impacts on the agents’ satisfaction/quality of life over time, we can achieve a better
understanding of which mobility-enhancing strategies are most promising, as well as
determining the relative impact on older adults with different characteristics and
preferences.

To design the agents, data from the survey was used to generate older adult personas,
which are highly detailed qualitative representations of real-life older adults. The
preferences of the primary personas were then quantified using a multicriteria decision
analysis technique known as PAPRIKA (Potentially All Pairwise RanKings of all
possible Alternatives). The resulting quantitative preference values were then used to
generate utility functions that are embedded within the agents to represent the internal
logic necessary for making transportation-related decisions.

4.2.1 Persona Development

A separate cluster analysis was performed on the imputed travel behavior survey data
to identify naturally occurring groups of the community-dwelling older adults, in which
the older adults in the same range of demographic factors with similar transportation
needs and behaviors are grouped together. While naturally occurring groups of survey
participants can be identified without using advanced statistical tools in small datasets,
this task is daunting in large datasets, such as the travel behavior survey described in
the previous section. There are several methods for cluster analysis, and the selection
of which method to use depends on the characteristics of the collected data and the
individual methods. The number and types of input variables, the desired output metrics
and features, and requirements on having a pre-determined number of clusters are
factors to consider before selecting the appropriate clustering method.

The first step was to develop a clustering method in identifying the naturally occurring
groups from the travel behavior survey data. One caveat found in these test runs was
the effect of gender on interpretation of the resulting clusters due to non-homogeneity
within this factor. To eliminate future confusion in interpretation, the entries for female
and male participants were manually separated into two initial clusters prior to applying
cluster analysis.
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Next, the male and female groups were exclusively divided into clusters by applying
Ward’'s method of hierarchical clustering with Euclidean distances (Everitt, Landau,
Leese & Stahl, 2011) on age, status of current car possession, education level, marital
status, and ethnicity. The parameters for cluster analysis are based on the factors
impacting older adults’ mobility, transportation behaviors, and needs, as explained in
literature. Although older adults rated their health status based on their self-perception
regardless of their age, health status was not used as a clustering factor due to the high
correlation between increasing age and declining health status. Furthermore, income
level was left out of the clustering since it was highly correlated with education level. By
contrast, marital status and ethnicity had weak correlations between each other and
with the rest of the clustering factors; therefore, both were included in the cluster
analysis. It was decided that the number of naturally occurring groups would not be
restricted to a predetermined number of clusters to avoid introducing bias to the
resulting clusters.

From the resulting clusters, the primary, secondary, and negative persona(s) can be
identified. The primary persona(s) is the cluster whose needs and goals cannot be met
with a service designed for any other persona (Cooper, 2004). The secondary persona
shares some attributes with the primary persona(s), as well as additional specific needs
that do not require immediate action, and can be satisfied with the services designed for
the primary persona (Cooper et al., 2014). The negative persona (or anti-persona) is a
reminder to all stakeholders for whom they should not design the service. Unlike the
primary and secondary personas, the negative persona communicates what is not the
target of a service (Cooper et al., 2014).

4.2.2 Agent Logic Development

To determine the degree to which existing/proposed transportation services meet older
adults’ needs, the qualitative descriptions of the primary personas’ transportation needs
must be converted into quantitative measures. In this section, the needs of the primary
personas and the attributes of transportation options are translated into 1000minds
software to obtain utility functions for understanding the older adults’ satisfaction with
their transportation options in agent-based modeling.

1000minds software utilizes PAPRIKA method (Potentially All Pairwise RanKings of all
possible Alternatives), which is an additive multi-attribute value model with performance
categories (Hansen & Ombler, 2009). A decision-maker using this method performs a
pairwise ranking of potentially all undominated pairs of all possible alternatives. An
undominated pair is defined as a pair of alternatives from all possible alternatives where
one alternative is a higher-ranked category for at least one criterion and a lower-ranked
category for at least one other criterion than the other alternative. An undominated pair
has only two criteria at a time, and the decision-maker is presented two undominated
pairs at a time to make a trade-off between the two undominated pairs. PAPRIKA
minimizes the number of pairs a decision-maker has to rank explicitly by identifying the
implicitly ranked pairs as the corollaries of the explicitly ranked pairs. Figure 4.2
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demonstrates the sequence of steps in performing the PAPRIKA method in 1000minds
software.

. Assign each
Identify the levels of alternative with a Perform trade-offs
— each criteria from — —> . —> Results

- level for each between pairs
lowest to highest

criteria

Identify the criteria

Identify alt ti —> .
ently alternatives for the decision

Figure 4.2: The Sequence of Steps in Performing the PAPRIKA Method in 1000minds Software

4.3 QUALITATIVE ANALYSIS TO EXPLORE FACTORS ENHANCING
RESILIENCE DURING THE COVID-19 PANDEMIC

Qualitative data files were cleaned and entered into ATLAS.ti. The data were analyzed
using a general inductive approach (Thomas, 2006). The leading investigator of this
study and two trained research assistants separately reviewed the data and created
codes. Three researchers discussed initial codes that were frequent across the
participants. The coders collaboratively developed and agreed upon key themes.
Researchers assessed transcripts to confirm or challenge the initially presented themes.
Final themes were identified after reaching consensus from all of the researchers.
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5.0 RESULTS

5.1 QUESTIONNAIRE SURVEY FINDINGS

A total of 146 older adults participated in the survey, as shown in Table 5.1. The majority
of respondents were aged between 65 and 85 (72%); however, this study included 19
emerging seniors (aged between 55 and 65) to understand how age affects mobility
barriers and opportunities. The participants had an average income of less than $15,000
per year and did not live with a partner (79%). More than half of the respondents were
African American (62%) followed by White (20%). In general, they maintained good
physical and mental health, and only 15% reported that their health was fair or poor.
Survey respondents also have an option not to answer the questions, and these
unanswered responses are not used in modeling.

Table 5.1: Socioeconomic Characteristics and Health Profiles of the Survey Respondents

Variables ‘ Description | N ‘ %
Socioeconomic Characteristics
55-65 19 11%
65-75 67 40%
Age (years)
75-85 53 32%
Over 85 6 4%
less than $10, 000 56 34%
Income $10,000 - $29,999 55 33%
Over $30,000 27 16%
. - . o
Marital Status Married or living with a partner 24 14%
Single, Separated, Widowed 132 | 79%
Child/ children under 18 8 5%
. . o
Other Household Members Child/ children 18 or older 24 14%
Other adults (e.g., parents, friends etc.) 21 13%
Living alone 114 | 68%
White or Caucasian 34 20%
Ethnicity Black or African American 104 | 62%
Other 15 9%
High school diploma or Equivalent 64 38%
Education Post-high school education/ training (no degree) | 27 16%
+2 yrs. College degree 64 38%
Full-time 9 5%
Employment Status Part-time 13 8%
Not employed (e.g., out of work, retired, etc.) 122 | 73%
Health
. More than 1/4 mile 95 57%
Mobility
Less than 1/4 mile 44 26%
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Difficulty with mobility 13 8%

o
Physical health Overall Excellent/ Very Good/ Good 129 | 77%
Fair/Poor 26 15%

o
Mental health Overall Excellent/ Very Good/Good 129 | 77%
Fair/Poor 26 15%

The survey first investigated older adults’ primary transportation mode choices (Figure
5.1 (left); preferred transportation options (Figure 5.1 (right)); and the frequency of trips
using each mode (Figure 5.2). Almost half of the respondents drove their car and made
an average of six trips per week, followed by using public transit, walking or biking, or
relying on family or friends to get a ride. Only 5% and 3% of respondents used
paratransit and ride-hailing services such as Uber/ Lyft, respectively, for their daily trips.
Figure 5.1 (right) depicts the preferred mode of non-drivers (i.e., 53% of the
respondents of Figure 5.1 (left)) who did not drive but used other modes. Figure 5.1
(right) showed that the majority (43%) of non-drivers preferred public transportation,
followed by paratransit (17%). Taxi or cab and ride-hailing services showed the lowest
proportion (4% each).

M Drive B Have others drive you

M Drive B Have others drive you
B Walkbike Public transportation m Walkbike Public transportation
M Taxi or Cab | Ride-hailing services W Taxi or Cab m Ride-hailing services
M Paratransit M Others B Paratransit

Figure 5.1: Current Mode Users (left) and Preferred Mode Choice for Non-Drivers (right)
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Figure 5.2: Number of Weekly Trips

Figure 5.3 illustrates the level of importance of different transportation options for older
adults to live independently. Although only 13% and 5% of the respondents used public
transit and paratransit, respectively, older adults still reported these services as very
important for their independence. The respondents also highlighted the importance of
safe and accessible streets, such as well-lit streets and audio/visual aided intersections
to enhance walkability. In contrast, the maijority of the respondents felt that ride-hailing
and taxi/cab were less important for independent living.
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Figure 5.3: Importance of Services for Independent Living
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To understand mobility barriers, participants were asked to indicate concerns, if any,
when using transportation modes. Figure 5.4 compares the identified concerns for five
modes of transportation with two groups of older adults depending on their main mode—
drivers and non-drivers. Some of the drivers reported that they had never experienced
any other services, and many others indicated that they did not use these modes on a
daily basis. Therefore, the drivers’ concerns about these modes were based upon their
previous experience or indirect experience from others. However, the concerns reported
from non-drivers likely reflected their lived experiences with these services.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Public Transit Paratransit Walk/Bike Taxi/Cab Ride-hailing
Car Non-driver Car Non-driver Car Non-driver Car Non-driver Car Non-
driver driver driver driver driver  driver

W Safety M Cost Availability Knowledge

Type of Barriers

Figure 5.4: Comparisons of Concerns Between Drivers and Non-Drivers

Because a predominant concern regarding paratransit and ride-hailing that drivers had
was a lack of knowledge, we looked into how or where drivers obtained transportation
information. Figure 5.5 shows that the majority of the respondents (36%) obtained
transportation information through human networks, such as their doctors, family
members, neighbors or friends, or local aging or faith-based organizations (32%).
Surprisingly, more than half of the respondents (57%) never used internet services to
access transportation information, mostly because they experienced difficulties in
accessing internet or using smartphones and computers. Only 6% of the respondents
used internet once every few weeks to gather transportation information.
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(a) Information Resources (b) Use of Internet

M Local aging/ faith based organization/ AARP

W Doctor/ family members/ friend neighbours u Se\.fe.ral u Once. aday
Phonebook 3-6 times a week W 1-2 timesa week

H Internet m Once every few weeks Once a month

M Transportation providers H Never

Figure 5.5: Resources to Obtain Transportation Information

5.2 LATENT CLASS CLUSTER ANALYSIS TO UNDERSTAND MODE
CHOICE DECISIONS

LCCA characterizes older adults’ transportation behaviors based on their mode choices
and likelihood of adopting different modes. Typically, the statistical parameters AIC and
BIC select the optimal number of clusters in LCCA (Vermunt & Migidson, 2002).
However, several previous studies pointed out that the optimal number is subject to
research objectives and data structures since minimum AIC or BIC values do not
always provide meaningful clustering outcomes that distinguish unique behavioral
patterns (Molin et al., 2016; Lee et al., 2019). This study applied both AIC and empirical
insights obtained by the survey analysis and determined three optimal clusters.
Although a latent cluster analysis typically requires a large sample size to ensure a
stability and statistical power of a model, many studies pointed out that the required
sample size depends on the number of classes and power level. The complexity of
latent structure and the number of indicators also substantially impact the size of the
required sample. Gudicha et al. (2016) reported 131 and 82 samples as required sizes
for three-cluster latent analysis when assuming 0.95, and 0.8 power level, respectively.
Park & Yu (2017) showed that the sample size per cluster could be as small as five
when a model has more than 50 clusters while the minimum sample size per cluster
increases to 20 when there are 20 clusters in a model. Our study uses 146 samples
splitting across three clusters where each cluster includes 63, 33, and 67 individuals.
The number of samples appears to be sufficient to represent three clusters, especially
characterizing lower-income older adults living in Dallas, TX.
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Three Distinctive Types of Modality Characteristics

LCCA identified three distinctive older adult groups (clusters) that categorize mode
usages and adoptions, as shown in Table 5.3. Overall, 36.3% of the respondents
belong to the first cluster representing car-dependent older adults; the second cluster
includes 20.1% of respondents who mainly use public transit; and the third cluster
shows 43.6% of users who drive and use other transportation modes.

The car dependents made frequent trips using their vehicle. About 62% of individuals
made six to 10 trips a week, and almost 28% traveled more than 10 times a week using
a car. Socioeconomic profiles indicated that most of the respondents were between 65
and 85 years old and retired. The majority of the respondents earned an annual
average income over $10,000, and around one-half of the group attended higher
education. In general, they were well aware of the other transportation services and
exhibited less physical or technology barriers. Without any noticeable barriers, this
group rarely used or is willing to adopt other modes. About 60% were unlikely to adopt
public transit or ride-hailing services, and over 70% of the respondents answered that
they were also unlikely to adopt paratransit or active transportation modes (walk and
bike). These mode adoption behaviors seem natural, especially in suburban area like
Dallas where public transit does not serve a broader metropolitan area, while roadway
infrastructure for private vehicles connects everywhere faster and more conveniently.
However, still, this systematic pattern showing lack of interest using the other modes
infers additional hidden psychological or social challenges that lower-income older
adults might experience towards public transit or paratransit services.

The transit dependents mostly relied on public transit (73%) or paratransit (21%) and
did not drive their cars. This group features frequent walking/biking trips as well,
possibly because of their walk to access transit stops. Only 15% showed an adoption
preference to ride-hailing, mostly because of financial and technology barriers. Over
97% of this group relied on their social networks to obtain transportation information,
and only a few indicated that they did not have adequate knowledge of other
transportation services. Most of the individuals earned less than $10,000 in annual
income, were either retired or unemployed, and were over the age of 65. A noticeable
characteristic of this group is the lower number of trips they are making weekly. Almost
half of the participants reported that they traveled less than five times using public
transit, which is a significantly lower number of trips compared to the trips that car-
dependent participants made using their own vehicle. Interestingly, these avid public
transit users show little interest in adopting paratransit, and only 21% reported that they
would likely adopt this service in the future. Cost and availability of paratransit, as well
as technology barriers, appear to play an important role in using paratransit.

The private mixed-modes users comprised the highest share of respondents (44%) and
represented those who used a car as a driver or as a passenger. Although 33% of this
group relied on their family members and friends to get a ride at least once a week,
most of them were unlikely to adopt ride-hailing services. They reported safety (8%) and
cost concerns (12%), as well as a lack of knowledge (9%). Although this group did not
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use public transit or paratransit, over 61% and 58%, respectively, indicated that they
were neutral or likely to adopt those services in the future. However, they highlighted
various concerns regarding public transportation, such as cost (10%), safety (13%),
inadequate schedule (18%), and a lack of knowledge of the service (10%). Their lack of
interest in walking or cycling appeared to relate to their safety concern (18%) or a lack
of knowledge (16%). This group indicated that they had less access to information
(30%) and health problems (15%), along with financial (10%) and technology-related
barriers (67%). The majority of this group were non-Whites (88%), females (96%), car
owners (75%), and had low education credentials, such as a high school diploma
(69%).

These three clusters showed how older adults perceive transportation and utilize the
existing options. Those who drove their own car, which was almost one-third of the
survey respondents, appeared to use their car for daily activities and were not
interested in using other transportation modes, except for ride-hailing. The familiarity
and convenience of driving may have constrained their option to driving. These drivers
did not report any specific barriers or concerns about other modes, yet they are unlikely
to adopt them. On the other hand, transit dependents exhibited the opposite behaviors
and preferences. They rely on public transit and paratransit mostly because of their
financial and technology barriers, although they felt that public transit is not safe. Their
safety concerns consistently appeared for ride-hailing and taxi or cab. The last group,
mixed-mode users, preferred personal vehicles, whether they drove or rode as a
passenger. However, they were not interested in using ride-hailing due to cost and
safety concerns. They indicated that they did not have sufficient information on other
modes and they experienced technology barriers, all of which created various levels of
concerns for ride-hailing, public transit, and even walk/bike.

Table 5.2: Characteristics of Three Clusters

Category Indicators/ Covariates Class 1 Class 2 Class 3
Car Transit Private mixed
dependent dependent modes (%)
(%) (%)

Class Size (n) 63 33 67

Class Share 36.3% 20.1% 43.6%

Frequency Car 1-5 times a 9.67 0.00 39.80

week

6-10 times a 62.34 0.00 32.49

week

+10 times a 27.99 0.00 14.67

week

No trips 0.00 100.00 13.03
Public 1-5 times a 2.21 45.73 9.46
Transit week

6-10 times a 0.00 27.49 0.00

week

No trips 97.79 26.78 90.54
Paratransit | 1-5 times a 0.00 18.20 7.10

week
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+ 10 times a 0.00 3.05 0.00
week
No trips 100.00 78.75 92.90
Have 1-5times a 4.07 12.87 31.50
others ride | week
6-10 times a 0.00 0.00 1.41
week
+ 10 times a 0.00 3.05 0.00
week
No trips 95.93 84.08 67.09
Walk/ 1-5 times a 0.00 24.43 18.30
Bike week
6-10 times a 1.69 24.39 1.43
week
+ 10 times a 0.00 0.00 1.41
week
No trips 98.31 51.18 78.86
Adoption Public Unlikely adopt | 59.49 32.18 38.33
Transit Neutral 22.49 3.05 22.08
Likely adopt 15.58 9.82 23.31
Mostly adopt 2.44 54.95 16.28
Paratransit | Unlikely likely 72.75 56.61 41.36
adopt
Neutral 15.75 22.01 31.63
Likely adopt 11.50 9.16 11.53
Mostly adopt 0.00 12.22 15.49
Ride- Unlikely likely 65.04 84.73 85.51
hailing adopt
Neutral 29.97 9.16 10.21
Likely adopt 4.99 0.00 1.47
Mostly adopt 0.00 6.11 2.82
Walk/ Unlikely adopt | 79.29 61.50 88.56
Bike Neutral 15.65 11.01 8.63
Likely adopt 5.07 12.22 0.00
Mostly adopt 0.00 15.27 2.82
Membership
Barriers Information 1.59 3.03 29.85
Health 0.00 0.00 14.93
Financial 0.00 15.15 10.45
Technology 49.21 72.73 67.16
Concerns Public Cost 3.17 3.03 10.45
Transit Safety 6.35 12.12 13.43
Availability 7.94 9.09 17.91
Knowledge 1.59 3.03 10.45
Paratransit | Cost 3.17 6.06 5.97
Safety 0.00 3.03 4.48
Availability 6.35 12.12 7.46
Knowledge 3.17 3.03 13.43
Walk/Bike Cost 1.59 3.03 0.00
Safety 12.70 6.06 17.91
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Availability 0.00 0.00 4.48
Knowledge 3.17 3.03 16.42
Taxi/Cab Cost 9.52 18.18 25.37
Safety 3.17 9.09 5.97
Availability 0.00 3.03 2.99
Knowledge 3.17 3.03 4.48
Ride- Cost 1.59 3.03 11.94
hailing Safety 0.00 12.12 8.96
Availability 1.59 3.03 4.48
Knowledge 7.94 6.06 8.96
Socioeconomic | Race White 30.16 21.21 11.94
Characteristics Non-White 69.84 78.79 88.06
Age <65 12.70 9.09 10.45
65-85 87.30 81.82 85.07
over 85 0.00 9.09 4.48
Gender Male 9.52 27.27 4.48
Female 90.48 72.73 95.52
Other Child under 18 | 7.94 0.00 0.04
household | Child 18 or 19.05 3.03 16.42
members older
Other adults 12.70 12.12 13.44
Living with a married 19.05 21.21 5.97
partner
Income less than 17.46 51.52 40.30
$10,000
Employed 12.70 9.09 16.42
Education (+ 2yrs College) 50.79 33.33 31.34
Speak other language at 12.70 9.09 4.48
home
Vehicle owned 98.41 0.00 74.63
Health Fair or Good physical health | 100.00 96.97 98.51
Feel socially isolated 4.76 0.00 2.99

*bold indicates a cluster with the highest share for each indicator
Class membership model

Class membership modeling characterized the public transit and mixed users in
comparison to car drivers (reference class) using active covariates including
socioeconomic characteristics and perceived barriers (see Table 5.4), as mode choice
behaviors are closely related to such variables. Results showed that financial barriers
were positively related to non-drivers in clusters 2 or 3. In other words, individuals who
had financial barriers likely utilized public transit (cluster 2) or private mixed modes
(cluster 3), rather than their own car. Those who had poor health conditions were likely
to drive their cars, rather than use public transit. Information and technology barriers
more frequently presented among public transit users and mixed-mode users as they
were unlikely to adopt ride-hailing services that required a certain level of knowledge of
technology.
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Our model reveals that household composition had a strong impact on mode choices.
For example, those who lived with children under 18 years of age were likely to drive
their cars, while those who lived with adult relatives or friends were likely to use public
transit. In addition, male respondents were more likely to use public transit than female
counterparts, and those who were unemployed and had a lower education level were
more likely to be in a transit-user group.

Table 5.3: Covariates of Class Membership Model

Class 2 Transit Dependent Class 3 Private Mixed
Older Adults Modes Users
Covariates [Cost share: 20.1%] [Cost share: 43.6%]
Coefficients Standard Coefficients Standard
errors errors
Barriers (1: present)
Information Access 11.535™ 0.001 19.353™ 1.884
Health -15.344™ 0.001 9.386™ 0.001
Financial 6.032" 1.208 7.183™ 1.206
Technology 9.658™ 3.746 0.660 0.840
Socio- demographic variables
Household composition (1: yes)
Child under 18 -4.640™ 3.714 -10.169™ 1.884
Child 18 or older -2.267 0.001 -0.277 1.279
Adult relatives 18 or older 4.334™ 4.184 0.934 1.183
Income Qg;g%’&?;‘fﬁ;gg@ 1570 2256 1.465* 0.885
Employment (1: employed) -13.526™ 3.696 -0.567 2.234
Education level (1: higher level) -15.958™ 3.709 0.287 0.815
Gender (1: male) 4577 0.030 -0.797 2.309
Age 0.155 0.216 0.041 0.058
Owns a car (1: yes) -38.917™ 0.002 -2.701 2.235

Goodness of Fit

AIC (3): 2165.015, BIC (3) :2489.859, Chi-square goodness of fit:30418.16

Note. P-value < *** 0.001; ** 0.01; * 0.05

5.3 A STAKEHOLDER-DRIVEN APPROACH TO UNDERSTANDING
THE TRANSPORTATION NEEDS

This study describes and demonstrates a structured stakeholder-driven approach to
identifying transportation solutions for community-dwelling older adults. Data from a
travel behavior survey conducted with community-dwelling older adults in Dallas, TX,
was used to develop personas, or representations, of these older adults. A House of
Quality was used to translate qualitative descriptions of these personas’ transportation
needs into a quantitative assessment of available transportation options.
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Minitab Data Analysis was used to perform the cluster analysis, yielding 13 female and
four male clusters, as shown in 5.4. The clusters served as the basis for persona

development.
Table 5.4: The Results of Cluster Analysis

Cluster | Gender | Age | Car | Education Level Marital Status Ethnicity
1 Female | 75 No | High School or Equivalent Sgparated or Black.or African
Divorced American
2 Female | 91 |No | Fosthigh school Widowed White or
education/training Caucasian
3 Female | 63 No | 4-year collage degree Slng[e - Never White or
married Caucasian
4 Female | 62 No | High School or Equivalent Slngl_e - Never Black_or Alrican
married American
5 Female | 77 No | High School or Equivalent M.arrled or Living Asian
with a partner
6 Female | 73 Yes Post-hl_gh sch_o_ol M.arrled or Living Black_or African
education/training with a partner American
Graduate or professional | Married or Living White or
7 Female | 71 Yes . .
degrees with a partner Caucasian
8 Female | 67 Yes POSt'h'.gh SCh.0.0| Sgparated or Other: Hispanic
education/training Divorced
9 Female | 69 Yes | 2-year collage degree Widowed ilack_or African
merican
10 Female | 67 Yes | High School or Equivalent Sgparated or Black_or African
Divorced American
11 Female | 78 Yes | K-12 grade Widowed E\Iacklor African
merican
12 Female | 68 Yes Graduate or professional Sgparated or Black.or African
degrees Divorced American
13 Female | 81 Yes | 2-year collage degree Widowed 'Iilacklor African
merican
14 Male |78 |No | High School or Equivalent | Marmedorliving |\
with a partner
Separated or Black or African
15 Male 70 Yes | 2-year collage degree Divorced American
Married or Living White or
16 Male 65 Yes | 4-year collage degree with a partner Caucasian
17 Male 73 No | 2-year collage degree Slngl_e - Never White or
married Caucasian
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5.4 PERSONA DEVELOPMENT FOR THE COMMUNITY-DWELLING
OLDER ADULTS

The primary persona(s) representing older adults will be the most vulnerable in terms of
mobility. Clusters 1, 2, and 3 did not own a car, nor could they afford a car. Their health
and financial status were limiting factors to use existing transportation options and live
independently. In addition, they reported missing trips for basic needs and leisure
activities. Cluster 4 did not own a car, but they reported that their main transportation
mode and source of mobility was riding with others. Clusters 6 through 13, 15, and 16
owned a car that they can afford to maintain and keep in their possession. While these
clusters may experience some difficulties with driving due to aging, they are still able to
drive everywhere. Clusters 5 and 14 represent older adults who are married and reside
in the same household. While both were above 75 years and had low income, they
reported their health as excellent compared to other older adults and were able to meet
all their needs by using public transportation and walking. Cluster 17 owns a car and
considers driving as the only option for transportation without any interest in or
knowledge of other transit options.

Based on this analysis, clusters 1, 2, and 3 are the most vulnerable, with insufficient
transportation options to maintain an independent life without disruptions in their day-to-
day activities. Therefore, these clusters are the primary personas. Clusters 4 through 16
can satisfy their transportation needs with their current arrangements. However, they
are aware of the challenges ahead as they age and decline in health. These clusters
can benefit from the solutions targeted to the primary personas. Therefore, clusters 4
through 16 make up the secondary personas. Cluster 17 is the negative persona who
should not be targeted for designing transportation services for older adults in Dallas.
The primary personas are described in detail in Tables 9.1, 9.2, and 9.3 in the appendix.
The secondary personas and the negative persona can be found in Tables 9.4 and 9.5,
respectively, in the Appendix section.

The three primary personas represent the most vulnerable older adults in terms of
transportation and mobility needs. All of the primary personas are female and are living
alone on low incomes. This result reflects the literature, which states that female older
adults experience a greater decline in mobility compared to their male counterparts.
Their ages (63, 75, and 91) span the low, middle, and high sub-categories of the old
age spectrum. This suggests that their poor health status, irrespective of age, is a
primary limiting factor on their mobility. However, the primary personas expect to live
independently, with safe and affordable transportation options that accommodate their
need for comfort and assistance. They would like to go to their destinations directly with
the shortest travel times possible, whenever they want. In addition, they would like to
live in a crime-free environment that provides safe sidewalks, covered benches for
resting at bus stops, and visual and audio aids at intersections. The primary personas
emphasize the fact that older adults would like to continue living independently and take
trips for their well-being while traveling in comfort and feeling safe — like everyone else.
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5.5 HOUSE OF QUALITY FOR PRIMARY PERSONAS

The House of Quality (HOQ) is a tool that can be used to connect the voice of the
customer (the customer requirements) to the voice of the development team of a
specific product or service by creating a mathematically simple and user-friendly
approach (Bahill & Chapman, 2011; Chan & Wu, 2002). Figure 5.6 shows the HOQ
developed for this study.
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Figure 5.6: House of Quality for Older Adult Transportation

The first step in developing the HOQ is identifying customer/user needs. In an HOQ
analysis, the customers’ needs should be described in their own words (Griffin &

33



Hauser, 1993). The descriptions of the primary personas provided in Table 5.5 depicts
the transportation needs of the most vulnerable older adults in Dallas. These needs,
from the point of view of each persona, are summarized in Table 5.5 and are
categorized under umbrella words. Each need is then inserted into the leftmost column
of the HOQ (Figure 5.6). While independence is the ultimate transportation need of
older adults, it is strongly correlated to all of their other needs. Therefore, independence
is not included in further analysis.

Table 5.5: The Transportation Needs of the Primary Personas in Their Own Words

The Transportation Needs of the Primary Personas

Umbrella Words

Beatrice and Cassandra do not want to be dependent and burden on

anyone Independence
e Elizabeth does not want to feel trapped
e Beatrice has hard time to walk to bus stops in Texas summers
. Cagsandra would like even sidewalks with places to sit down and rest Walkability
during her walks
e Elizabeth wishes to have basic amenities close to her house
e Beatrice is concerned about riding with strangers
e Cassandra is afraid of young hoods on streets and in transit Safety
Elizabeth does not want to worry about her well-being
e Beatrice misses going to stores or recreational center whenever
she wants Spontaneity
e Elizabeth wants to go out on a whim
e Beatrice cannot carry her bags while waking and in transit Assistance
e Beatrice is unable to stay in balance while in transit c
. ) . omfort
e Beatrice feels pain when jostled
e Beatrice would like to visit her friends living far from public transit routes | Flexibility
e Elizabeth does not want to depend on the changing schedules and Reliability

routes

Cassandra would like to be more socially active at different times of the
day
Elizabeth wants to avoid the hassle of combining modes

Availability/Accessibility

Beatrice would like to use ride share if it was not costly
Cassandra believes that her transportation budget limits her
Elizabeth cannot afford ride share although she wants to use it

Affordability

Cassandra’s travel time to basic needs increases by three times if she
does not have anyone to give a direct ride

Elizabeth wishes to have direct transit to her destinations to reduce her
travel times

Direct and Shorter
Trips

After identifying the transportation needs of each persona, the needs are assigned
importance ratings (shown in Table 5.6) based on a 5-level qualitative rating system
with corresponding quantitative values: 1-very low, 3-low, 5-moderate, 7 high, 9-very

high (Chan & Wu, 2005). These ratings are derived from each persona’s needs, goals,
and motivations and are then averaged across all three personas to provide a relative
importance for each need. The relative importance ratings are inserted into the second
column of the HOQ.
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Table 5.6: Importance Ratings of Primary Persona Needs

Importance Ratings
Needs Beatrice Cassandra Elizabeth Eelgtlve Importance
atings

Affordability High 7 | Very high | 9 | Very high | 9 | 8.3
Safety Very high | 9 | Very high | 9 | Very high [ 9 | 9
Reliability Moderate | 5 | Moderate | 5 | High 7157
Availability/Accessibility | Moderate | 5 | Very high | 9 | Very high | 9 | 7.7
Assistance Very high | 9 | Verylow |1 ]| Verylow |1 |37
Comfort Very high | 9 | Moderate | 5 | Moderate | 5 | 6.3
Walkability Very high | 9 | Very high | 9 | Very high [ 9 | 9

Direct and Short Trips Moderate | 5 | High 7 | High 716.3
Flexibility Moderate | 5 | Moderate | 5 | High 7157
Spontaneity High 7 | Low 3 | High 7157

In the second step of the HOQ analysis, common characteristics of transportation
solutions are identified. These characteristics, which were derived from multiple reports
and studies on transportation services for older adults, include: on-demand service,
24/7 service, financial assistance, private and semi-private transportation, trained
operators, trusted travel partners, senior friendly street infrastructure, route coverage,
and frequent service (Cevallos, Skinner, Joslin & Ivy, 2010; Turner, Adams-Price &
Strawderman, 2017; Chase, 2011; Coughlin, 2009; Borst, Miedema, de Vries, Graham
& van Dongen, 2008; Brown, Bond, Wood & Suguri, 2015; Rosenbloom, 2010). These
eight characteristics are labels on the central matrix of the HOQ, which defines the
strength of relationships between the transportation needs of the primary personas and
the service characteristics using a 3-level scale: weak (1 in a triangle), medium (3 in a
circle), and strong (9 in a donut) (Bahill & Chapman, 1993). At the bottom of the HOQ,
final scores of the service characteristics are achieved by vertically summing the
multiplication of the relative importance ratings by each service assessment rating,
yielding a priority ranking for the service characteristics. According to the HOQ rankings,
24/7 service has the highest priority, followed by increased route coverage and service
frequency as the second, and private and semi-private transit (i.e., cars and vans
operated by for-profit and non-profit organizations) as the third, reflecting the top
preferences of the most vulnerable community-dwelling older adults in Dallas. However,
the characteristics with low scores should not be disregarded based on their rankings
since there may be correlations between the low- and high-ranking characteristics.

The “roof” of the HOQ contains the correlations between service characteristics. A
strong correlation is indicated by a + sign in a circle, a positive correlation with a + sign,
a negative correlation with a — sign, and a strong negative correlation with a — sign in a
circle (Bahill & Chapman, 1993). The roof of the HOQ suggests that positively
correlated service characteristics should be implemented jointly. There is a positive
correlation between on-demand service and 24/7 service since the premise of on-
demand is access at any time. Use of on-demand services are strongly correlated with
financial assistance, since they are typically expensive (Saxon, Ebert & Sobhani, 2019),
and the primary personas cannot afford expensive transportation services without
assistance. Similarly, the positive correlation between financial assistance and 24/7
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service indicates that traveling during late evening or early morning hours is limited by a
lack of affordable transportation options. Private and semi-private transit operations are
dependent on and, therefore, positively correlated with the trained operators and the
assistance of the travel partners.

The final step of the HOQ analysis is the assessment of existing transportation options
against the voice of the personas. The columns of the rightmost matrix of the HOQ are
labeled with five transportation services that are available in the city of Dallas for older
adults: Dallas Rapid Area Transit (DART) bus/train, paratransit, taxi, ride share, and
family/friends. The values entered in this matrix show the performance of the service
with respect to the persona needs (where 1 indicates poor and 5 indicates excellent).
Based on the primary persona characteristics, bus, train, paratransit, and riding with
family/friends are the most affordable transportation options. However, bus and train
receive poor or fair scores on the remaining persona needs. While taxi and ride share
are rated at or above very good, fear of riding with a stranger, lack of financial
assistance, and the cost of these services are limiting factors for older adults. In
addition, riding with family and friends has limitations in regard to the availability of
these trusted persons.

The results of the HOQ analysis indicate that public transit options in the city of Dallas
meet the affordability requirements of the primary personas, but perform poorly with
respect to the remaining persona needs. DART is the main public transit provider in
Dallas, and its services include busses, light rail, and commuter rail. DART rail operates
from 5 a.m. to midnight daily at every 772-15 minutes during rush hours, 20 minutes
during the midday and weekends, and 30 minutes late at night. While DART’s rail
system stretches to distant suburbia, its park-and-ride stations mainly serve commuters
trying to reach the city center at high speeds (Martin, Stocker, Cohen, Shaheen &
Brown, 2021). It is common to observe full parking lots at DART stations, where working
people living in suburban areas drive to stations and use DART to complete their
commutes. In addition, DART is a north-to-south oriented rail system that does not
reach vast swaths of Dallas. Operation hours of busses vary by neighborhoods and
during holidays, but generally offer limited fixed-route service and infrequent service
during midday when older adults travel the most. While DART provides paratransit
service for older adults (the primary personas), it is limited to Monday-Friday from 8
a.m. to 5 p.m., necessitating other transportation options for any trip taking place after 5
p.m. on weekdays or weekends. Given that 24/7 service and increased route coverage
and service frequency are the most highly ranked transportation service attributes in the
HOQ, improving these aspects of the existing bus and train services should be a
priority.

Furthermore, long walking distances between bus stops and essential locations are a
challenge for the primary personas. Dallas has more than 2.000 miles of sidewalk
missing (32% of total sidewalks) (Macon, 2021), and sidewalks that end abruptly
combined with surfaces in disrepair, can put older adults (and any pedestrian) in a
dangerous situation. The walkability for older adults living in Dallas is further limited by
street/road hybrids where accessibility to essential amenities is disrupted by multilane,
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wide, and high-speed thoroughfares that hinder interactions between people and
businesses (Goodyear, 2014; Strong Towns, 2018). Thus, installing and improving
sidewalks would help older adults to safely navigate between bus stops; however, in
many cases, the distance to transit service is still prohibitive, particularly in the heat of
North Texas summers.

In an effort to improve its transit offerings, DART has recently begun offering GoLink, an
on-demand point-to-point transit service. This service was initiated as a microtransit
system providing noontime transit to corporate employees within the Legacy West zone
in Plano (a suburb north of Dallas), and was later expanded to additional areas in North
and South Dallas (Martin et al., 2021). While GoLink might initially seem to address the
needs of the primary personas, further investigation indicates that this is not the case:
DART has received complaints that GoLink serves only suburban and upper-income
areas, and DART officials have confirmed that GoLink was not intended for urban and
low-income areas as an improvement for fixed-route bus services (Martin et al., 2021).

In contrast to DART services, taxi and ride share offer comfort, spontaneity, and short
and direct trips. However, these services are not suitable for the primary personas, due
to fear of riding with a stranger, lack of assistance, and the cost. An alternative that
performed well in the HOQ analysis is private transit service; for example, Envoy' and
SilverRide? are two for-profit companies providing specialized senior transportation for
older adults who no longer drive. While SilverRide operates only in the Bay Area, Envoy
has operations in the Dallas area. However, these companies charge premium prices
for their services, making them out of reach for the low-income primary personas.

To address the affordability requirement of the primary personas, a volunteer-based
private transit service could be a good transportation solution. For example,
ITNAmerica? is a non-profit providing ride services for older adults by leveraging
volunteer drivers and their cars. However, ITNAmerica does not have an affiliate in
Dallas, and while its services are more affordable than Envoy and SilverRide, it is not
free of cost. Depending on the purpose, duration, and time of the ride, the price of
ITNAmerica services can reach as high as the for-profit companies. A more suitable
model for non-driving, community-dwelling older adults in Dallas may be borrowed from
Drive a Senior#, which is a purely volunteer-based driving program offering rides to
older adults in the Austin, TX, area with seven affiliates. This program relies on
volunteer drivers, legacy givers, online fundraising events, and standard donations from
individual citizens to sustain their continuous service to older adults free of charge.

! https://envoyamerica.com/
2 https://www.silverride.com/
3 https://www.itnamerica.org/

4 https://driveasenior.org/
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5.6 APPLICATION OF 1000MINDS

In the first step of 1000minds execution, the transportation options for the primary
personas are identified as follows: DART train, DART bus, DART paratransit, taxi/cab,
riding with family/friends, and ride share. Although a volunteer driver program (similar to
Drive-a-Senior in Austin, TX) does not exist in the Dallas area, this option is included in
the alternatives as a potential service to address the needs of the primary personas.

In the second step, the needs of the primary personas are used as the criteria for
transportation alternatives. The identified criteria should be mutually exclusive in order
to eliminate ambiguity in the trade-off step. Safety as a single criterion is excluded from
the criteria since it is embedded in various aspects of transportation and should not be
an item to trade-off. However, one aspect of safety (riding with others) is included in
further analysis since it frequently appears in literature as a concern for lack of use for
ride share. Since flexibility is highly correlated with accessibility and direct and short
trips, this criterion is also excluded. In addition, walkability, as the most basic
transportation option and a vital element of the built environment, is also a gateway to
other transportation options. Therefore, walkability is not included in the trade-off
analysis.

In the third step, the levels of each criteria are identified as in Table 5.7, detailing the
criteria and the levels of each criterion for the 1000minds trade-offs.

Table 5.7: The Criteria and the Levels of Each Criterion for the 1000minds Trade-offs

Rank Affordability

Lowest rank $20+ (one way)

$10-$20 (one way)

$5-$10 (one way)

$2-$5 (one way)

$1-$2 (one way)

Highest rank Free
Rank Assistance
Lowest rank No assistance - Driver (not trained) does not assist
Assistance only - Driver (not trained) may assist only with
with information information
Assistance with - Driver (trained) assists with information
information and and physical needs
physical needs - Or there is trained staff responsible to
Highest rank assist older adults other than the driver
Rank Reliability
Lowest rank Long wait time - Frequent route changes and service

cancellations
- 20-40 min. wait time

Somewhat long - Limited vehicle availability at the time of
wait time request

- Waiting for in-advance scheduled service,
other passengers, or waiting in traffic

- 10-20 min. wait time

Somewhat short - Limited vehicle availability
wait time - 5-10 min. wait time

Very short wait time | - Reserved vehicle in advance
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Highest rank

- Vehicle at location on time
- Slight variation due to traffic
- 0-5 min. wait time

Rank

Spontaneity

Lowest rank

Highest rank

Not at all spontaneous

- Schedule/plan 2-4 weeks in advance

Slightly spontaneous

- Schedule/plan 1-2 weeks in advance

Moderately
spontaneous

- Schedule/plan 3-7 days in advance

Very spontaneous

- Schedule/plan 1-3 days in advance

Extremely spontaneous

- Schedule/plan/take the trip within a day
or as soon as needed

Rank

Accessibility to Transit and Stops

Lowest rank

Highest rank

Not at all accessible

- Access point to transit 1-1.5 miles away

Slightly accessible

- Access point to transit 0.75-1 miles
away

Moderately accessible

- Access point to transit 0.5-0.75 miles
away

Very accessible

- Access point to transit 0.25-0.5 miles
away

Extremely accessible

- Access point to transit 0-0.25 miles
away

Rank

Physi

cal Comfort in Vehicle

Lowest Rank

Highest Rank

Not at all comfortable

- Vehicle is not clean

- No priority seating and no privacy
- Seats are uncomfortable

- Rides are rough and bumpy

- Fast and sudden acceleration and
deceleration

Slightly comfortable

- Occasionally there is trash in vehicle
- Priority seating available without
privacy

- Seats are uncomfortable

- Rides can be rough and

- Occasionally fast and sudden
acceleration and deceleration

Moderately comfortable

- Vehicles are clean

- Priority seating available

- No privacy

- Seats are comfortable

- Rides are rarely rough and bumpy
- Smooth ride

Very comfortable

- Vehicles are clean

- Private seating (vehicle is not shared
with others except the driver)

- Seats are comfortable

- Never bumpy or rough rides

- Smooth ride
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Rank

Direct and Short Trips

Lowest rank

Highest rank

Not at all direct and short

- Driving all around the city to pick
up/drop off others

- Transiting more than 2 vehicles to get
to destination

- Trip takes all day

Somewhat direct and
short

- Picking up others only at 2—3-mile
radius

- Transiting 2 vehicles to get to
destination

- Trip takes half of the day

Very direct and short

- Picking up others only at 1-2-mile
radius

- No need to transit (1 vehicle)

- Trip takes 1-2 hours of the day

Rank

Ri

ding with Others

Lowest Rank

Highest Rank

Afraid of riding with
others

- Afraid of riding with stranger(s)
- Able to ride with familiar and trusted
people

Somewhat afraid of
riding with others

- Concerned about riding with strangers
but still rides due to lack of another
option

Not afraid of riding with
others

- Not afraid of riding with strangers

In the fourth step, each transportation option is assigned a level for each criterion,
based on the collective results from the primary and secondary personas. Table 5.8
demonstrates criterion level of each transportation option.
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Table 5.8: Criterion Levels of Each Transportation Option

Transportatio = Affordabili

n Options ty

Volunteer F

. ree

driver

Riding with

family/friends | '®

Ride share $10-520
(one way)

Dart $2-$5

paratransit (one way)

Taxi/cab $20 +
(one way)

Dart Bus $1-52
(one way)

Dart Train $1-52
(one way)

Assistance

Assistance
with info.
and physical
needs
Assistance
with info.
and physical
needs
Assistance
only with
information
Assistance
with info.
and physical
needs
Assistance
only with
information
No
assistance
No
assistance

Reliability

Very short
wait time

Somewhat
short wait
time

Somewhat
short wait
time

Somewhat
long wait
time

Somewhat
long wait
time

Long wait
time

Long wait
time

Spontaneity

Moderately
spontaneous

Very
spontaneous

Extremely
spontaneous

Not at all
spontaneous

Very
spontaneous

Moderately
spontaneous
Moderately
spontaneous

Accessibility

to Transit and

Stops

Extremely
accessible

Extremely
accessible

Extremely
accessible

Extremely
accessible

Extremely
accessible

Slightly
accessible
Not at all
accessible
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Physical
Comfort in
Vehicle

Very comfortable

Very comfortable

Moderately
comfortable

Moderately
comfortable

Moderately
comfortable

Slightly
comfortable
Slightly
comfortable

Direct and Short
Trips

Very direct and short

Very direct and short

Very direct and short

Somewhat direct
and short

Very direct and short

Not at all direct and
short
Not at all direct and
short

Riding with
Others

Not afraid of riding
with others

Not afraid of riding
with others

Somewhat afraid of
riding with others

Not afraid of riding
with others

Somewhat afraid of
riding with others

Afraid of riding with
others
Afraid of riding with
others



In the fifth step, separate rounds of trade-offs are performed for each primary persona.
Figure 5.7 demonstrates an example of a trade-off performed by a decision-maker from
the perspective of the persona.

The cost of transportation @ The cost of transportation
$10-$20 (one way) $2-8$5 per trip (one way)
Distance to transit and stops Distance to transit and stops
Access point to transit 0.25-0.5 miles away Access point to transit 0.5-0.75 miles away

Figure 5.7: Example of a Trade-off in 1000minds

After completing a series of pairwise trade-offs as shown in Figure 5.7, 1000minds
calculates an accuracy level as a measure of confidence of the results. If this accuracy
level is greater than 90%, the utilities of criteria and the ranked alternatives obtained
from the trade-offs can be confidently used in further decisions. The accuracy levels of
trade-offs for Elizabeth, Cassandra and Beatrice are 99%, 98%, and 92%, respectively.
The utilities of criteria are presented in Table 5.9 for each primary persona. Sequence
of criteria for each persona is given in descending order of criteria weights.
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Table 5.9: Criteria Weights and Utilities for Elizabeth

Criteria Criterion Levels (Csrl:t;rLo:\)Welght 1Sgg)re (0- (L(j,/to')l ity
Not at all accessible 0 0
Accessibility to Transit Slightly accessible 19.7 5.3
and Stops Moderately accessible 0.269 39.3 10.6
Very accessible 74.6 20.1
Extremely accessible 100 26.9
$20 + (one way) 0 0
$10-$20 (one way) 35.3 7.6
Affordability $5-$10 (one way) 0.217 68.3 14.8
$2-$5 (one way) 84.2 18.2
$1-$2 (one way) 92.8 20.1
Free 100 21.7
Not al all spontaneous 0 0
Slightly spontaneous 10.2 1.6
Spontaneity Moderately spontaneous 0.153 50 7.6
Very spontaneous 60.2 9.2
Extremely spontaneous 100 15.3
Not at all direct and short 0 0
Direct and Short Trips | Somewhat direct and short 0.14 75.6 10.6
Very direct and short 100 14
Long wait time 0 0
Reliability Somewhat long wait time 0125 15 1.9
Somewhat short wait time 76.2 9.5
Very short wait time 100 12.5
Not at all comfortable 0 0
Phy_sical Comfort in Slightly comfortable 0,037 25 0.9
Vehicle Moderately comfortable 83.3 3.1
Very comfortable 100 3.7
Afraid of riding with strangers 0 0
Riding with Others ft‘r’;':%"(‘a’:ft afraid of riding with | 134 455 -
Not afraid of riding with strangers 100 3.4
No help or assistance 0 0
Help or assistance only
Assistance information 0.025 75 1.9
Help or assistance with
information and physical needs 100 2.5

43



Table 5.10: Criteria Weights and Utilities for Cassandra

Criteria Criterion Levels f:srlztriri=01n )Weight (Sotifl)(r)?)) g/toi)lity
$20 + (one way) 0 0
$10-$20 (one way) 304 12.8
Affordability $5-$10 (one way) 0.42 47.8 20.1
$2-$5 (one way) 65.2 274
$1-$2 (one way) 92.5 38.9
Free 100 42
Not at all accessible 0 0
o Slightly accessible 32.8 5.7
¢f;§;?|::gystfops Moderately accessible 0.175 67.2 11.7
Very accessible 83.6 14.6
Extremely accessible 100 17.5
Not at all direct and short 0 0
Direct and Short Trips | Somewhat direct and short 0.146 39.3 5.7
Very direct and short 100 14.6
Long wait time 0 0
Reliability Somewhat long wait time 0128 571 7.3
Somewhat short wait time 91.8 11.7
Very short wait time 100 12.8
Afraid of riding with strangers 0 0
Riding with Others ft?ngv;?:t afraid of riding with 0.063 95.8 6
Not afraid of riding with strangers 100 6.3
Not al all spontaneous 0 0
Slightly spontaneous 20 0.5
Spontaneity Moderately spontaneous 0.026 40 1
Very spontaneous 80 2.1
Extremely spontaneous 100 2.6
No help or assistance 0 0
Assistance Help or assistance only information | g 021 25 0.5
Help or assistance with information
and physical needs 100 2.1
Not at all comfortable 0 0
Phy§ical Comfort in Slightly comfortable 0.021 25 0.5
Vehicle Moderately comfortable 50 1
Very comfortable 100 2.1
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Table 5.11: Criteria Weights and Utilities for Beatrice

Criteria Criterion Levels f:srlztriri=01n )Weight (Sotifl)(r)?)) g/toi)lity
No help or assistance 0 0
Assistance Help or assistance only information | 4 559 49.6 12.5
:riljpp?ml;/ ziz‘:lstna::;swnh information 100 25 2
Not at all accessible 0 0
o Slightly accessible 12.5 2.9
#I?:r?ssi?::gyst’%ps Moderately accessible 0.229 17.9 4.1
Very accessible 67 15.3
Extremely accessible 100 22.9
Long wait time 0 0
L Somewhat long wait time 775 11.2
Reliability — 0.145
Somewhat short wait time 85.9 12.5
Very short wait time 100 14.5
Not at all direct and short 0 0
Direct and Short Trips | Somewhat direct and short 0.125 73.8 9.2
Very direct and short 100 12.5
Not at all comfortable 0 0
Phygical Comfort in Slightly comfortable 0.125 9.8 1.2
Vehicle Moderately comfortable ' 83.6 10.4
Very comfortable 100 12.5
$20 + (one way) 0 0
$10-$20 (one way) 36.4 3.3
- $5-$10 (one way) 61.4 5.5
Affordability $2-$5 (one way) 0.09 68.2 6.1
$1-$2 (one way) 81.8 7.4
Free 100 9
Not al all spontaneous 0 0
Slightly spontaneous 40 1.2
Spontaneity Moderately spontaneous 0.031 60 1.8
Very spontaneous 80 2.5
Extremely spontaneous 100 3.1
Afraid of riding with strangers 0 0
Riding with Others ft‘r’a”;]‘;‘g:‘:t afraid of riding with 0.004 50 0.2
Not afraid of riding with strangers 100 0.4
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Ranked Transportation Options for Elizabeth

26.9

26.9
26.9
26.9
26.9
I I 5-3
Volunteer driver  Riding with Rideshare Dart paratransit Taxi/cab Dart bus Dart train
family/friends

B Physical comfort in vehicle m Affordability M Reliability

[ Assistance B Spontaneity ™ Direct and Short trips

M Riding with Others Accessibility to Transit and Stops

Figure 5.8: Ranked Transportation Options for Elizabeth
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Ranked Transportation Options for Cassandra

17.5 17.5
17.5 17.5
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Volunteer driver  Riding with Rideshare Dart paratransit Taxi/cab Dart bus Dart train

family/friends

M Physical comfort in vehicle u Affordability M Reliability
I Assistance B Spontaneity 1 Direct and Short trips
M Riding with Others Accessibility to Transit and Stops

Figure 5.9: Ranked Transportation Options for Cassandra
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Ranked Transportation Options for Beatrice

229 229
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Volunteer driver  Riding with Rideshare Dart paratransit Taxi/cab Dart bus Dart train
family/friends
B Physical comfort in vehicle Affordability Reliability
Assistance Spontaneity Direct and Short trips
M Riding with Others Accessibility to Transit and Stops

Figure 5.10: Ranked Transportation Options for Beatrice

Volunteer driver option is the highest ranked for all primary personas. Riding with
family/friends closely follows the volunteer driver option. While the ride share option is in
the fifth place for Beatrice, it is the third preferred option for Elizabeth and Cassandra.
DART bus and train are the lowest-ranked alternatives for all primary personas. The
volunteer driver option is ranked in the first place due to different reasons for each
primary persona. Accessibility, assistance, and comfort are the main reasons for
Elizabeth to prefer a volunteer driver. Cassandra’s preference for the volunteer driver
option is heavily impacted by its affordability. Elizabeth prefers a volunteer driver for its
affordability and ease of access.

5.7 USING 1000MINDS RESULTS FOR AGENT-BASED MODELING

The criteria weights and scores identified for the primary personas in the previous
section are used to create utility functions as a measure of personas’ satisfaction with
three transportation modes: volunteer drivers, ride share service, and DART bus. Each
agent’s utility function is a weighted sum of the scaled satisfaction scores S, ., where i
indicates the persona, t represents the transportation mode, and c is the characteristic
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of the mode. The parameter c takes on the following values: physical comfort in vehicle
is represented by ph, affordability by af, reliability by re, assistance by as, spontaneity
by sp, direct and short trips by ds, riding with others ro, and accessibility by ac. The
values of the satisfaction scores are derived from the PAPRIKA outputs in Tables 5.9,
5.10, and 5.11. The parameters g; . are the relative weights on each score for each
persona / and transportation mode characteristic ¢. The values assigned to each f; . are
obtained from PAPRIKA results given in Tables 5.9, 5.10, and 5.11. An agent’s
satisfaction depends on the ratio of the number of trips taken with each transportation
mode t (n,) to the total number of trips attempted (n;,:4;), based on the assumption that
its satisfaction is a cumulative result of its experiences with a given mode. The utility
U; . of each agent having persona type i for transportation mode t is given in Equation 1:

ng N ng
Uit = Bipn (Si,t,ph * n_> + Biar (Si,t,af - ) + Bire (Si,t,re * —)

total total total

ng ng ng
+ ﬁi,as (Si,t,as * Tl_> + .Bi,sp (Si,t,sp * n ) + .Bi,ds (Si,t,ds * )

total total total

ng ng
+ ﬁi,ro (Si,t,ro * n_) + ﬁi,ac (Si,t,ac * _)

total Ntotal

5.8 AGENT-BASED MODEL (ABM)

Next, the utility functions are embedded within three agents in a conceptual agent-
based model (implemented in NetLogo). Each of the three agents represents a primary
persona. The origin point of ABM environment represents downtown Dallas, and the
agents’ homes are located in accordance with the persona narratives: five miles
northeast, 10 miles south, and 16 miles north of downtown.

Furthermore, a grocery store location is created for each primary persona, based on the
assumption that older adults tend to go to the same grocery store. The locations of the
grocery stores are randomly assigned at a proportional distance based on the fact that
the average household primarily shops at a store 3.79 miles from home (Mentzer &
Mancino, 2015). The agents’ grocery store trips are scheduled on a monthly basis, and
the agents are assumed to make these trips on the same day each month. Each month
is assumed to have 30 days, and the model is run for 12 months. Table 5.12 details the
monthly schedules of the agents.

Table 5.12: Agents’ Monthly Grocery Trip Schedules

_Agents Monthly Schedule
Elizabeth 1st 8t 15t and 22" of each month
Cassandra 2 gth 16t and 23™ of each month
Beatrice 3 10t 17% and 24" of each month

Each time-step corresponds to one day. Since grocery trips are essential, it is assumed
that the agents will go to grocery stores consistently, according to their schedules;
however, a 10% allowance is assigned to account for potential trip cancellations due to
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events such as health issues and hazardous weather conditions. After each simulated
trip, each agent will calculate the utility it gained from the trip and will then store this
value in its “memory.”

Experiments

In the first set of experiments, each agent is allowed to use a single transportation
option for its grocery trips over 12 simulated months Their overall utility levels at the end
of each simulation run are provided in Figure 5.11.
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Primary Personas' Satisfaction with Each Transportation Option

0.42 0.42
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Personas' Transportation Options

r. Elizabeth's Satisfaction with Volunteer
Driver

r4 Cassandra's Satisfaction with Volunteer

Driver

# Beatrice's Satisfaction with Volunteer Driver

U Elizabeth's Satisfaction with Rideshare

w Cassandra's Satisfaction with Rideshare

m Beatrice's Satisfaction with Rideshare

M Elizabeth's Satisfaction with Bus

B Cassandra's Satisfaction with Bus

M Beatrice's Satisfaction with Bus

Figure 5.11: Primary Personas' Satisfaction with Each Transportation Option

In the second set of experiments, the change in agents’ satisfaction levels is observed
when improvements to ride share and bus services are introduced. A potential
partnership with ride share companies is introduced to provide a 50% discount for older
adults and trained drivers to help provide information and assist riders with physical
needs. Furthermore, new bus routes were added with more frequent bus stops, such
that wait times for bus services are reduced from 20-40 minutes to 5-10 minutes. Figure
5.14 shows agents’ satisfaction levels for their transportation options after these

improvements.

50



Primary Personas' Satisfaction with Each Transportation Option After Improvements
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Figure 5.12: Primary Personas' Satisfaction with Each Transportation Option After Improvements

5.9 QUALITATIVE ANALYSIS TO EXPLORE FACTORS ENHANCING
RESILIENCE DURING THE COVID-19 PANDEMIC

Two themes emerged from the data: (1) sedentary behaviors and (2) the negative
impact on mental health and social well-being that reflected major challenges that our
participants experienced during the COVID-19 pandemic. To respond to such
challenges, we were able to identify various coping strategies addressed across the
participants and developed four major themes based on the individual, social, and built
environments: (1) individual environment: use of technology; (2) social environment:
informal support from family and neighbors; (3) social environment: formal support from
community organizations for older adults; and (4) built environment: walkable
neighborhoods. To increase trustworthiness in our study, we conducted peer
debriefings and stakeholder checks (Janesick, 2007; Thomas, 2006). Our results were
also reported to an advocacy group for elders at our partner agency. We use
pseudonyms when presenting our findings.
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Sedentary Behaviors

Many participants said restrictions against congregating, gatherings, and group exercise
at senior centers affected their overall physical health. One participant, Mary, claimed
that she used to be active in spite of her limited mobility and participated in an exercise
program offered by a local hospital.

“Although | do have my limitation as far as my mobility with walking, the biggest
challenge is that I'm not able to get out as often, not even go to the hospital. Hospital,
you could go there and walk around, and do the mile walk. Because of COVID-19, |
don’t have access to do that. Before, | went there three to four days a week for at least
an hour or 45 minutes to get my walking in. When | say my walking, of course, I’'m using
my rollator.” (Mary)

Mary expressed her concerns about the loss of muscle strength and balance that she
had experienced during the COVID-19 outbreak. She tried to walk as often as she used
to in her house, but noticed a loss of balance since she was not able to maintain the
same level of activity at home.

“When you walk, you're strengthening your muscles. You're strengthening, especially
your leg muscles. But when you're not doing that, and it’s like, they’re doing more
resting than they are doing any type of activity, it could be a hindrance. Sometimes,
even in my household, if I haven’t been walking as often as | used to, | lose more
balance.” (Mary)

Other participants discussed insufficient physical activities and reduced levels of
physical fithess which, in turn, negatively affected their health. Consequently, they
suffered ailments such as aching knees, feelings of tiredness, and a lack of energy.
Additionally, those with existing health conditions, such as arthritis, found that the lack
of physical activity worsened their symptoms.

‘I can’t volunteer anymore. That was something to do every day. COVID-19 is scary. |
am not able to move around like | used to do. | am walking less. Oh, | might get a little
stiff from sitting. | have arthritis, so sitting don’t help that much. Sometimes | just get up
and walk from the front to the back [of the house].” (Lynn)

“The biggest challenge during this time is staying at home because we can’t participate
in senior activities. | used to go to water aerobics on Monday through Thursday. | would
go over to the recreation centers on Fridays. Now we’re not having any of that. |
exercise less. My knees are aching, my legs are aching, and I’'m just tired, because |
sleep a lot. And that’s because | don’t have to get up and go anywhere. | can tell the
difference.” (Janet)
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The Negative Impact on Mental and Social Well-Being

COVID-19 influenced not only physical health but also the mental health of older adults.
Although many participants stayed in touch with their family and friends, they mentioned
that they felt lonely because of the limited physical contact with others.

“Lonely... You can’t go uncovered, but [family members] they’re trying to stay safe as
well. And | only have one son here. My kids call and check often, but it's not like looking
in their face and getting a hug and all that.” (Barb)

“| feel socially isolated, but I'm not at home by myself, I've got my husband luckily.
Mostly, we communicate with other family over the phone. But | have that yearning of
going to see them and actually socializing with them physically. It does get lonely.”
(Heather)

Additionally, a lot of older adults felt vulnerable during the pandemic, namely people like
Mary who had mobility limitations, and therefore expressed extra concerns as they often
require assistance from others to meet their daily needs.

“It's a little depressing. For the agency, it’s just hard for them to find someone that really
wants to come and go into someone else’s house with all this going on, even if they are
exercising precautions. So that puts me at a disadvantage because | am in need of
help, because of my mobility issues.” (Mary)

However, the study participants showed resilience to adversity to some extent. First,
technology served as an individual-level protective factor against this novel disease.
Second, their social environment, including both informal support from family members
and neighbors and formal support from community organizations, created a buffer
against loneliness and social isolation. Lastly, living in a walkable built environment was
identified as a protective factor to keep older adults active and healthy.

Individual Environment: Use of Technology

An individual resource that has been reportedly vital among the participants was
technology. A few participants demonstrated prior competence with technology, while
many others mentioned that they learned internet and teleconferencing skills during the
pandemic.

“l did not use the internet a lot before COVID-19. Now, | do use it more to shop than
going into the stores, even for household items... | started with computers and worked
in a business in 80’s... I'm not afraid of computers. | was able to load Zoom on my
phone, on my iPad, and on my laptop without any problems. That was surprising to me.”
(Ashley)
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“This is my first time | just started. You can do the Zoom on computer or you can do it
on the phone. Church has a livestream. I’'m doing Zoom now as far as we have Bible
study.” (Janet)

Being able to join worship services and communicating with family members and friends
were good motivators for many older adults to learn and utilize teleconferencing.
Moreover, many older adults familiarized themselves with virtual platforms as medical
clinics incorporated telehealth services. In particular, some participants described the
benefits of telehealth services that made healthcare more accessible than ever, with
some detailing how they prefer these new options over in-person visits.

“l do telemedicine... It's better if they look you over eye-to-eye, but what are you going
to do? I'm sure it’s going to be a big to-do going forward, long after COVID-19covid-19. |
think the issue of people getting primary care face-to-face is going to be limited.”
(Donna)

“It's much easier... | need a hip replacement. It's already broken, and it hurts to try to
get up and go. Usually the office is pretty long walk. If | go, | would have to use valet
parking. You gotta pay for that. That’s extra.” (Tammy)

In addition, many older adults used the internet (e.g., YouTube) to stay active and
physically and mentally engaged.

“I have to exercise, and [there is] YouTube for the seniors to exercise with. | checked
that out yesterday. | surely did. | do the leg exercise, like stand up on the panel. And I'll
walk around sometime in the apartment without the walker stick.” (Amy)

“I live by myself. When | feel a little bit lonely, | go on my patio, read, and go on
YouTube. | love YouTube, | get a lot of information. The last year and a half | really
came into YouTube and I'm enjoying it. Love some information and learning.” (Cindy)

While technology served as the most critical protective factor for our participants, some
shared challenges utilizing the internet or teleconferencing. A few mentioned not having
access to the internet or having poor internet connectivity.

“The hospital was where | could just go in because they had different activities for the
seniors. They still have a program online, but | don’t have access to that [the internet].”
(Mary)

“I try to use Zoom every Sunday, but everybody else is on the internet so it's hard to get
it in the mornings because | don’t have the best internet service. But yes, | do. | try to
watch something as far as | can go, as long as my internet is working.” (Ashley)

When technology was challenging, some older adults used the telephone to interact
with others and continue religious activities.
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“It's all about computers. | don’t even have a computer. They [family and friends] make
phone calls to talk and check in and see how I’'m doing. | have a cousin that’s a pastor
in Houston and he’s doing live screening. So | call him on the line every Sunday
morning. So that helps with me not being able to go to church.” (Lynn)

Social Environment: Informal Support from Family and Neighbors

Many participants reported that their social networks were a vital resource to meet their
daily needs during the pandemic. As Donna, who lives alone, said, “with COVID, you
are putting on an extra layer of need, either their family or neighbors or somebody,”
family members played an important role to support older adults, particularly those who
do not drive, during this difficult time.

“My son used to take me to go food shopping... So instead of doing that, he does the
food shopping, or his wife does it. And I've had deliveries and they’ve also set up
deliveries for me to do the stuff. | have family that can actually help me out.” (Donna)

Some of the participants reported that their grandchildren were an important source to
combat emotional and social challenges during the pandemic. They reported that their
grandchildren visited often, taught them how to use a smartphone, and provided fun
games.

“l use that [Facetime] whenever my grandkids call. Nobody has been able to teach me
how to use it. They walked me through it. You call that number and then their face pops
up. My granddaughter told me that. That’s all you gotta do Grandma, it's not that hard.”
(Barb)

While most of our participants relied on their family members for help, some participants
exhibited strong social networks that included neighbors. Not only did these older adults
receive help from their neighbors, they also helped their neighbors and shared
resources.

“There’s nobody but me. Sometimes | have a very nice friend next door who tell me
always “Please call me if you need any help.” She tried to bring me flowers. She’d even
come up and water them after she gave them to me.” (Tammy)

‘I have friends, neighbors, who don’t go out at all because they do have worries...

they’ve got a medical condition. But | try to do the times when | go to the store, | call and
ask them, “Do you need something?” And | usually get it for them.” (Heather)

Social Environment: Formal Support from Community Organizations for Older
Adults

Our participants praised changes that some organizations made to accommodate social
distancing guidelines to support older adults during the pandemic. The participants said
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that some organizations switched congregate meals to home-delivered meals and
provided virtual support groups and community workshops. In addition, local
organizations helped these older adults stay informed via newsletters and flyers, sent
them care packages, and often called to check on them.

“Well, they keep us informed of where there are free resources. The director made
personal contacts with all and left a care package. Which was remarkable. Because
we’re not doing anything, but they are keeping in touch with us. My church has, the local
aging organization has, and senior centers have... So those are places that I've had
people who call me to check on me.” (Ashley).

“We all seniors learn to listen and pay attention to the newsletters. Yes, and they mail
them out to us. Birthdays, events, what’s going on, what’s coming up. It's a lot of
different things. They never forget an individual. It's wonderful.” (Barb)

Built Environment: Walkable Neighborhoods

Many participants voiced that they wanted to remain physically active, with several
stating that they started walking around their neighborhood more often than before. This
demonstrated the importance of the built environment, including safe streets and well-
maintained sidewalks for older adults.

“I can still go walking, but | don'’t feel safe enough to go the gym... | used to go the gym.
| try to do more [walking now]. Walking has helped a lot... Oh | have got a bike to ride
around.” (Christine)

“I've been walking around my apartment because | don’t have to come in contact with
nobody. With exercising, it gets good. | like to move around. It’'s good for you, and it’s
good at a certain age anyway, for anybody. | love it. It makes my life better.” (Cindy)

However, some older adults complained about their neighborhood environments due to
off-leash dogs or individuals who were not wearing masks. A few participants indicated
their fear of walking around their neighborhood, where they would see people gathered
in groups or not wearing masks.

“It's terrible over here. I'm afraid to get out and go walk, even with a stick or whatever
because dogs were so bad loose. | don’t try to walk far no more.” (Sue)

‘I hate to go to these parks because these young people, they don'’t regard this as
something that is tragic. All these people are dying, they still don’t get it. And they’re not
going to wear a mask and different stuff, you know? Well, this can’t happen to me.”
(Nancy)
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6.0 DISCUSSION

6.1 MOBILITY POLICY AND STRATEGY RECOMMENDATIONS

Based on the survey and modeling findings, this study makes recommendations to
promote safe, affordable, and efficient mobility for low-income older adults. This section
focuses on three significant areas to enhance older adults’ mobility.

6.1.1 Understanding Older Adults’ Mobility Needs and Gaps in a
Socioeconomic Context

According to Coughlin (2001), individuals perceive a car as synonymous with
transportation. Therefore, older adults who lose their ability to drive are unlikely to
continue productive social engagement and out-of-home activity, experience a greater
dependency on others, and are more likely to develop depression and psychological
symptoms (Chihuri et al., 2016; Hwang and Hong, 2018). These civic, social, and
economic impacts of driving cessation have stressed the importance for city planners
and policymakers to promote and design transportation alternatives for older adults so
that they are able to maintain their level of independence and health even after they are
unable to drive themselves (Chihuri et al., 2016).

Car-dependent groups have a high dependence on driving and had little to no interest in
using other mobility options. Such high dependence likely results in a mobility gap
when they no longer drive. No exposure and little experience to alternative mobility
options might create psychological or social barriers towards public transit and
paratransit, which could easily be their alternatives when they stop driving. Our results
from the class membership modeling also showed that household compositions (having
a child) and employment status (being employed) were negatively associated with
public transit usage among lower-income older adults. Driving a car when they have a
job or children give them more convenient accessibility as the model indicated;
however, this sole option limits their chance to learn about new and emerging
transportation systems. Therefore, policy strategies informing older adults about
transportation in their employment or child-care systems might be important to expand
their knowledge and reduce social barriers even if they do not need to use other modes.
Developing person-centered strategies would also serve different needs and gaps
among older adults since financial and technological barriers may vary between
individuals (Jeong et al., 2017). Transportation planners, policymakers, and social
workers need to collaborate to capture the diverse perspectives of disadvantaged older
adults regarding new and existing mobility options to reduce any social and personal
barriers (Fields et al., 2020).

6.1.2 Transportation Education and Technology Training
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Among the eight age-friendly community domains that AARP identified, older adults in
Dallas rated transportation as the most important domain for independent living (AARP,
2016). However, our findings showed that lower-income older adults’ knowledge of
available transportation resources remained low, and the survey highlighted that most of
the participants did not use technology or internet resources to obtain transportation
information. Overreliance on their human networks may limit an older adult’s ability to
obtain information on emerging transportation services. While researchers reported that
technology has made positive impacts on older adults’ lifestyles (Hakobyan et al.,

2016), it is critical to provide low-income older adults with more accessible
transportation resources using mails and telephone-based services.

Providing education and training sessions through public assistance programs for low-
income seniors (e.g., Senior Companions Program, Foster Grandparent Program, or
Senior Community Service Employment Program) can be another way to help them
broaden their knowledge of transportation options and local resources. Transportation
training and education sessions have already yielded many positive outcomes. Although
the majority of these training sessions focus on educating older adults on safe driving
skills (Alsnih & Hensher, 2003), a few initiatives started to focus on helping older adults
improve access to different transportation options. For example, national (e.g., National
Rural Transit Assistance Program) and local (e.g., Dallas Area Rapid Transit)
organizations provide formal travel training services that offer comprehensive one-on-
one instruction for individuals who are unable to drive and are in need of alternative
transportation services even though their audience is limited to their transit users. The
goal of these training services is to give older adults the confidence needed to utilize
services, such as public buses or paratransit vehicles. We highlight the need for training
based on unique needs of low-income older adults, especially those who heavily
depend on their vehicle. We also suggest providing transportation resources in
resources-scarce neighborhoods for the success of low-income, older, adult learners.
The training should be also more accessible and less technology-driven to include those
who have limited access to internet or electronic devices, such as lower-income groups.

6.1.3 Practical Age-Friendly Guidelines and Implementation

Despite the infrastructure and policy in place, older adults, especially those who drive,
still seem hesitant to adopt mobility alternatives. As our findings showed, even public
transit users perceive buses and trains as unsafe and inconvenient. Along with
infrastructure enhancements, such as more transit stops for shorter walking distance,
affordable fares, and handicapped-friendly services, cities should work on practical
improvements (e.g., well-lit streets) to encourage older adults to adopt public transit
services and walking. Expanding affordable door-to-door mobility options, such as
community-driven ride-hailing and vanpooling, would also provide direct benefits for
low-income older adults and those with physical and mental disabilities. For-profit transit
companies have partnered with major healthcare organizations to address transit needs
of older adults, and actively arrange mobility to medical appointments. Lyft showed its
successful implementation by reducing wait times by 30% and per-ride cost by 32%
through a partnership with healthcare agencies (e.g., Medicare Advantage and
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Medicaid). These services are very accessible to older adults regardless of their
knowledge or familiarity with technology (internet or smartphone) since hospital staff are
able to schedule the ride for their clients (Powers et al., 2016).

6.2 FINDINGS FROM ABM

In the first set of experiments, the agents were given access to only one of the
transportation options over the course of a simulated year. At the end of one year, as
expected, the agents were most satisfied with the volunteer driver option, followed by
ride share and bus. Elizabeth’s utility values from ride share and bus service were 14%
and 63% less than her utility with volunteer drivers. Cassandra’s utility values from ride
share and bus service were 32% and 53% less than her utility with volunteer drivers.
Beatrice’s utility values from ride share and bus service were 20% and 57% less than
her satisfaction with volunteer drivers. The results suggest that riding with familiar
people from the community via a volunteer driver program may provide the social
connection older adults seek. Therefore, starting a volunteer driver program in Dallas
may add tremendous value to the lives and well-being of older adults.

In a second set of experiments, improvements to ride share and bus services are
introduced. In a partnership with the City of Dallas, ride share services included a fleet
with trained drivers for assisting older adults, and a 50% discount is given to the older
adults. In addition, more frequent services and bus stops and increased area coverage
with additional bus lines are introduced to improve bus services. After these
improvements, Elizabeth’s, Cassandra’s, and Beatrice’s satisfaction with ride share
improved by 10%, 14%, and 19%, respectively, compared with the results of the first
experiment. Their satisfaction with bus service improved by 105%, 58%, and 61%,
respectively.

The results of the experiments demonstrate that each primary persona’s utility is
different for each transportation option due to their heterogenous characteristics,
expectations, motivations, and goals. The degree of change in their satisfaction levels
with the service improvements reflects how much these improvements address their
expectations from transportation services. In particular, the improvements in ride share
resulted in a greater increase in Cassandra’s and Beatrice’s satisfaction levels,
compared with Elizabeth. Since Elizabeth does not seek assistance from ride share
drivers and she knows how to use ride share services, her satisfaction level only
improved because of the discount. On the other hand, Cassandra and Beatrice are
more satisfied with ride share since the trained drivers are able to accommodate their
physical and information needs. While the improvements in bus service resulted in a
greater than 50% increase in each of the primary personas’ satisfaction levels,
Elizabeth benefited more than Cassandra and Beatrice. Adding bus stops and lines
resulted in shorter walking distances to access points, which is important for Elizabeth
since she is not able to walk more than 0.25 miles at once.
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7.0 CONCLUSION

This study provides practical recommendations to enhance disadvantaged older adults’
mobility and accessibility. This study highlighted person-centered strategies to serve
varying mobility needs and gaps for older adults depending on their socioeconomic
characteristics, current knowledge of transportation options, and familiarity with
technology. Our suggestions will be informative for community organizations that serve
older adults from diverse backgrounds (e.g., low-income older adults, socially isolated
older adults, and older adults with physical disabilities) and those who frequently find
that transportation is a major obstacle for maintaining quality of life. Findings from our
study further address social equity concerns about low-income older adults’ mobility and
assist with creating more efficient, safer, and socially equitable transportation services.
By understanding how individual socioeconomic demographics and personal barriers
affect mobility choice and how older adults perceive new and conventional mobility
options, we can better advocate the mobility needs and gaps for older adults to
transportation planners and decision-makers. Our finding suggests that developing
more person-centered institutional assistance and educational programs is a priority to
increase individuals’ accessibility to various mobility options. Future researchers will be
able to use these pilot data to support development of new approaches that enhance
equitable and sustainable mobility across disadvantaged senior communities.

The HOQ approach of this study demonstrates the potential of empirically derived
personas to clearly portray the transportation needs and preferences of the most
mobility-vulnerable older adults. Personas incorporate the goals, motivations, and other
lifestyle choices of older adults, which provides an advantage over market segmentation
approaches that focus on grouping older adults solely by demographic factors. The
primary personas identified in this study provide a common ground for decision-making
by transportation system stakeholders, including government officials, policymakers,
funding agencies, land use planners, transportation providers, and designers. Using the
primary personas and HOQ enables a systematic design process to identify holistic
transportation solutions without car dependency that not only serves non-driver older
adults but also can help older adults who drive to make easier decisions on driving
cessation, as well as addressing the transportation challenges of other vulnerable
populations.

One limitation of this study is the relatively limited diversity of the survey participants,
who are mostly from low-income Black communities. The COVID-19 pandemic
prevented the administration of additional survey sessions, but as pandemic restrictions
continue to relax, there is the possibility of holding focus groups with a more diverse set
of older adult participants to validate the primary persona attributes. Additionally, focus
groups with older adults who are identified based on the characteristics of the primary
personas can provide greater detail on the transportation needs and expectations of the
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older adults, as well as validating the personas. Other future work includes a more
extensive exploration of existing transportation alternatives in Dallas, according to the
needs of the primary personas, as well as an assessment of the feasibility of initiating a
volunteer-based transportation service that is tailored to the primary personas’ needs.

The qualitative analysis to understand resilience among marginalized older adults
during the COVID-19 pandemic revealed that many older adults have been able to
leverage protective factors at individual, social, and built-environment levels to
demonstrate resiliency to pandemic stressors. While technology is unable to replace the
emotional satisfaction received from person-to-person contact, it has provided older
adults with access to vast resources for learning, entertainment, and physical activity.
Additionally, support from community organizations has proved to be vital, keeping older
adults informed with resources and services tailored for their needs. Fear of physical
injury and personal safety in neighborhoods emerged as a critical factor that can
impede older adults’ physical activity and worsen their social isolation. These results
suggest that improving the resilience of older adults requires a holistic approach to
improve individual, social, and built environments to enhance individuals’ resilience from
an unprecedented event.
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9.0 APPENDIX

Table 9.1: Primary Persona - Beatrice

BEATRICE
R $
m Age:91 #
Home Income  Social Connections Transportation
White American » ] )
Health: Mobility: Transportation Options:

About

Beatrice has a high school degree and training in a trade school. Beatrice lives alone in a
house she owns located 16 miles north of Downtown Dallas. Beatrice’s annual income is
$43,000.

Health Background Health Status

As a stay-at-home mother, she was careful e Expected deterioration due to aging
with her and her family’s diet. She was e Able to walk 0.25 miles in 20 minutes
always physically active inside and outside of Self-perceived physical health rating is
the house. good

Social Connections Social Status

Beatrice talks to her children everyday who e Rarely feels lonely and socially isolated

live out-of-state. Beatrice likes spending time

by herself with gardening, crochet, and word

puzzles.

Transportation Options Mobility Status

Beatrice gave up driving willingly at the age of e Rarely misses grocery store trip or doctor
85. She uses special transportation for appointments

grocery trips and public transportation to go e Difficulty in reaching to bus stops in

to doctor appointments and bank. She would Texas summers

like to use ride-hailing services, but she is e Using public transit and walking between
concerned about riding with strangers and the stops and locations while carrying bags
cost. gets harder

e Unable to stay in balance while in transit
e May depend on other drivers for basic

needs
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e Feels pain when jostled by others, rapid

accelerations, and decelerations.

Transportation Information Accessing Transportation Information

Beatrice schedules her trips on her laptop ¢ DART’s website and printed schedules
once in every few weeks.

Goals and Motivation

Beatrice wants to live without being burden on other people. However, she sometimes wishes
to have help from people she trusts whom understands her needs. While Beatrice likes
spending time in her home, she sometimes would like to visit her friends, but her
transportation options limit her reach to her friends’ houses. Beatrice misses going to stores

or recreational center whenever she wants.

Satisfied: Not Satisfied: Disappointed: @

Table 9.2: Primary Persona - Cassandra

CASSANDRA
[ 4
m Age:75 #
Home Income  Social Connections Transportation
Black American . ) )
Health: Mobility: Transportation Options:

About

Cassandra has a high school degree. She worked in retail industry since high school.
Cassandra lives alone in a house she owns located 10 miles south of Downtown Dallas.
Cassandra’s annual income is $14,000.

Health Background Health Status

Cassandra had an unhealthy lifestyle due to e Type-2 diabetes

her work and being a single mother. She did ¢ Vision impairment

not have time to exercise and take care of e Able to walk 0.25 miles in 10 minutes
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herself. She reached for fast food as an easy
meal option.

Social Connections

Cassandra does not like to depend on other
people. Her closest child visits her every
three weeks to help with her needs. While
she has some friends and neighbors she
reaches out, she lacks strong connections.

Transportation Options

Cassandra uses public and special
transportation for her monthly doctor
appointment, visiting her friends and
volunteering. She mostly depends on her
daughter and neighbor for grocery shopping.
Otherwise, her travel time increases by three
times due to transfers between vehicles, long
riding time in current routes, or waiting for
others on special transportation.
Transportation Information

Cassandra reads AARP bulletin and bi-

monthly magazine, and news on local

newspaper for transportation information.

Goals and Motivation

o Self-perceived physical health rating is
good

Social Status

e Occasionally feels lonely and socially

isolated

Mobility Status

e Occasionally misses grocery trip, doctor

appointment, or a volunteering session
e Afraid of young hoods on streets and in
transit, especially at nights
e May depend on other drivers for basic

needs

Accessing Transportation Information

¢ Mail-in printed schedules and routes from
DART

e Printed schedules from the Internet with
others’ help

e Phonebook to call for information

e Friends and family

Cassandra wishes to have easier access to her basic needs. She wants to avoid falling down

due to uneven sidewalks and sit down and rest during her walks. Cassandra wishes to

participate in more voluntary activities and increase her social connections. She wants to be

more aware of her transportation options and take additional entertainment trips at around

midday and evenings without depleting her budget.

Satisfied: Not Satisfied:

Disappointed: @
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Table 9.3: Primary Persona - Elizabeth

ELIZABETH
o /\
Home
White American
Health:

About

Income

@ Mobvility:

Social Connections Transportation

Transportation Options:

Elizabeth has 4-year college degree, and she worked as teacher for 30 years. Elizabeth lives

alone in a rental apartment located 5 miles northeast of Downtown Dallas. Elizabeth’s annual

income is $16,000.
Health Background

Elizabeth had a major traffic accident 10
years ago and was hospitalized for 3 months.
After the accident, she did not fully recover
physically and financially, and she had to stop

teaching.

Social Connections

Elizabeth has some friends who regularly
visits her. She likes to keep herself occupied
with reading and researching. Elizabeth feels
fulfilled with volunteering activities. She likes
to go to recreational centers and parks with
her friends.

Transportation Options

Elizabeth stopped driving due to her health
and limited finances. She accesses her basic
needs and attends her social activities by
combining different modes of transportation.

Transportation Information

Elizabeth goes online at least once a day to
check updates on time schedules, routes,

and pricing.

Health Status

e Deterioration due to aging and the
accident

e Able to walk less than 0.25 miles at once

o Self-perceived physical health rating is

fair

Social Status

¢ Rarely feels lonely and socially isolated
e Feels depressed when not able to go

outdoors

Mobility Status

e Rarely misses grocery store trip or doctor
appointments

¢ May depend on other drivers for leisure
activities

Accessing Transportation Information

o DART’s website and printed schedules

e Ride-hailing apps
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Goals and Motivation

Elizabeth does not want to feel trapped. She wishes to go out whenever she wants for any

reason without worrying for her well-being. Although she uses ride share services, she cannot

afford it frequently. She does not want to be limited by the changing transit schedules and

routes. She prefers to have a direct transit to her destination to reduce her travel times and

avoid the hassle of combining modes. Elizabeth wishes to have basic amenities close to her

house.

Satisfied: Not Satisfied: Disappointed: @

Table 9.4: Negative Personas

MICHAEL

’ﬂ\] Age:65

White

American
About

T

Home

Health:

Income

Mobility:

$

Social Connections Transportation

Transportation Options:

Michael has a mechanical engineering degree from Rice University. He lives with his wife in a house
they own that is 15 miles northwest of Downtown Dallas. Michael has two children. He expects to retire
in the next 2 years. Michael’s current annual household income is $100,000.

Health Background

Michael maintained a healthy lifestyle with his
wife. He walks 5 to 7 miles every other day and
plays tennis with his wife on the weekends. He did
not have major health issues all his life, except
couple of sports related injuries.

Social Connections

Since Michael still works as an engineer, he is
connected with co-workers. He attends company
events with his wife. Their children live and work
in Dallas/Fort Worth area and they go to brunches
after their church service on Sundays. As recent
empty-nesters, Michael and his wife enjoy their
company.

Transportation Options

For Michael, driving his personal car is the only
transportation option since he got his driver’s
license at 16. He commutes to work every day,
and one-way trip is 40 minutes. While he is aware
that there is public and special transportation in
his area, he foresees that he will be able to drive
for a long time and will not need to use any of
these transportation options.

Health Status

e Able to walk 0.25 miles fast

e Self-perceived physical health rating is
excellent

Social Status
¢ Never feels lonely and socially isolated

Mobility Status
e Never misses any trips, appointments, or

events
e Able to travel wherever he wants at anytime
e No need for trip planning rather than
accessing driving durations
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Transportation Information
Since Michael was born in Dallas, he has a
detailed knowledge of the roads.

Goals and Motivation

Accessing Transportation Information
e Navigation apps for directions, road closures
and traffic status

Michael would like to drive as long as he is able to. In the case of losing his ability to drive, he thinks
that he can combine walking and public transportation to go to the nearby shopping center where he
can find everything he needs for himself and his wife. For other trips, he would probably use ride share
or special transportation and acquire scheduling information from the providers’ websites. However,
Michael is very confident that he will not need any other transportation for a long time. He expects
improvements on street and outdoor recreational areas for safer walking and biking experience.

Satisfied: Not Satisfied:

Table 9.5: Secondary Personas

TINA

ﬁ] Age:62 d

Home

Black American
About

Health:

Disappointed: @

Income

Mobility:

Social Connections Transportation

Transportation Options:

Tina has a high school degree. She worked as a receptionist for 33 years. Tina currently lives alone in
an affordable senior housing that is 4.5 miles northeast of Downtown Dallas. Tina’s current annual

household income is $15,500.

Health Background

Tina struggled with her weight all her life due to
emotional eating, caused by being single and
living alone after leaving her parents’ house at a
young age.

Social Connections

Although Tina does not have close family
relationships, she has a good network of friends
from the offices she worked at and her current
senior housing complex.

Transportation Options

Tina ceased driving since she thinks driving is not
necessary for her anymore. She rides in her
friends’ cars to go to grocery store, doctor
appointments and other errands. While Tina can
benefit from special transportation, she is not
qualified for it and she finds it pricey as well. She
wants to use public transportation, but the closest
bus stop is 1.5 miles away. Also, she despises the
condition of busses.

Transportation Information

Tina depends on printed transit schedules. She
never goes online for transportation information.

Health Status
e Unable to walk less than 0.25 miles at once
e Self-perceived physical health rating is good

Social Status
e Rarely feels lonely and socially isolated

Mobility Status
e Prefers to walk with a companion

e Missed trips for activities due to not finding
transportation

e Dislikes undermaintained condition of public
transportation: trash, wet seats

Accessing Transportation Information

e Local aging and faith-based organizations
e Doctor and health care offices

e Friends/Neighbors
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Goals and Motivation

Tina is aware of the fact that she will not have the option of riding with her friends since her friends may
also have difficulties with driving in the near future. Public transportation will be more essential for her
trips when she cannot ride with others. Therefore, she wishes to have easier access to public
transportation to take all her trips around the city.

Satisfied: Not Satisfied: Disappointed: @

YING
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About

Ying has a high school degree. She worked together with her husband, Wei, at their tailoring and shoe
repair shop for 45 years. Ying currently lives with her husband in an affordable residential apartment
complex for seniors that is 11 miles northeast of Downtown Dallas. Ying’s current annual household
income is $9,500.

Health Background

Ying had a healthy and active life. Walking, home-
cooked food, and work life kept her active
mentally and physically.

Social Connections

Ying spends most of her time with her husband.
She has a few friends in the same apartment
complex with whom she goes to bible study and
gathers for tea to chat in Mandarin.
Transportation Options

Ying never had a car before. Therefore, she is
used to navigate with the available transportation
options. She may find single item grocery needs
from a close by neighborhood market. For the rest
of her needs, she mostly uses public
transportation and sometimes rides with others
living in the same complex.

Transportation Information

Ying depends on printed transit schedules. She
does not use online services for transportation
information due to difficulty of reading and
understanding English.

Goals and Motivation

Ying had close calls to tipping over on sidewalks a

Health Status

Easily able to walk more than 0.25 miles
Self-perceived physical health rating is very
good

Social Status

Never feels lonely and socially isolated

Mobility Status
e Walks 30 minutes 5 days a week

e Uses public transportation 4 to 5 times a week

Accessing Transportation Information
Local aging and faith-based organizations
Doctor and health care offices

nd lost her balance a few times due to driver’'s

behaviors while crossing the streets. Therefore, she wants to avoid these situations that can injure her.
While she still anticipates using public transportation, she acknowledges the fact that she may depend
more on riding with others as she gets older. Regardless, she wishes to continue maintaining and

managing her trips by herself or with her husband

Satisfied: Not Satisfied: Disappointed: @

as she gets older.
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About

Health:
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$

Income

Social Connections Transportation

Transportation Options:

Dericia has a high school degree. She was a stay-at-home mother. Dericia took jobs on and off to help
her husband make the ends meet. Dericia currently lives with her husband and an adult child in a
house they own that is 8 miles south of Downtown Dallas. Dericia’s current annual household income is

$42,500.

Health Background

Dericia had a healthy life without major health
issues. She experiences expected decline in her
health due to increasing age.

Social Connections

Dericia feels lucky to have her adult daughter and
husband around. She has people to talk and ask
for help without hesitation. She has couple of
good friends with whom she gets together for card
and board games once in every few weeks.
Transportation Options

Dericia stopped driving but she still rides with her
husband and daughter. She goes out couple of
times a week and her rides take about 45
minutes. She used special transportation once,
but she did not like the experience of waiting more
than an hour. Dericia has never used taxi and ride
share services. Also, she does not prefer to walk
as a means of transportation.

Transportation Information

Dericia depends on her family’s transportation
knowledge and hears about available services
with word of mouth

Goals and Motivation

Health Status

e Able to walk more than 0.25 miles

e Self-perceived physical health rating is very
good

Social Status

e Never feels lonely and socially isolated

Mobility Status
e Rides with others

e Missed a memorial service when no one was
able to give a ride

e Concerned about neighborhood safety and
uneven sidewalks which lacks senior friendly
facilities

Accessing Transportation Information
e Family and friends/neighbors

e Doctor and health care offices

e Phonebook

Dericia is aware of the fact that she may not have the option of riding with her husband and daughter
since her husband may also have difficulties with driving in the near future and her adult daughter may
leave the house after finding a job. Public transportation will be more essential for her trips when she
cannot ride with others. However, she despises that there is no public transit provided in her area.

Satisfied:

Not Satisfied: Disappointed: @
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White
American

About

Linda has a master’s degree in Education. She worked as standardized test developer and retired 5
years ago. Linda currently lives with her husband and an adult child in a house they own that is 20
miles north of Downtown Dallas. Linda’s current annual household income is $100,000.

Health Background

Linda had a healthy life without major health
issues. She experiences expected decline in her
health due to increasing age.

Social Connections

Linda feels lucky to have her adult son and
husband around. She has people to talk all the
time. She goes to a book club and meets with her
friends regularly. Also, she likes to go to libraries
to read and browse for material to learn new
hobbies. She makes effort to attend aerobics
classes in recreational center where she has
couple of work out friends.

Transportation Options

Linda’s current transportation is driving her
personal car. Occasionally, she rides with her
husband and son. She drives her car
approximately 10 times a week with 20 minutes
average trip durations. She would like to take
more walks around the neighborhood, but it is not
convenient due to lack of sidewalks. She does not
use public transportation and special
transportation for now. Although Linda does not
use ride share services actively, her son
accompanied her to book and use ride share.
Transportation Information

Linda knows her way around the city. If she needs
to go somewhere that she is not sure how to get
there, she looks up directions on online maps. In
addition, her son helps her if she needs more
assistance. Linda is subscribed to AARP
magazine and she grabs public transit schedules
at doctor offices and church to increase her
awareness and knowledge of other transportation
options.

Goals and Motivation

Health Status

e Able to walk more than 0.25 miles

e Self-perceived physical health rating is very
good

Social Status

e Never feels lonely and socially isolated

e Active in self-learning and socializing

Mobility Status
e Occasionally rides with others

e Never misses event or appointments
e Lack of sidewalks preventing leisure walks
around the neighborhood

Accessing Transportation Information

e Family and friends/neighbors

e Online map resources 1-2 times a week

e Healthcare offices and church for
transportation knowledge after driving
cessation

Linda is aware of the fact that she may have to give up driving in the future and not have the option of
riding with her husband and son since her husband may also have difficulties with driving in the near
future and her adult son may leave the house. She would like to have senior friendly sidewalks and
repairs on the existing ones. Although she is not an active user of public transportation for now, she
hears from her friends that reaching to public transit stops and long wait times are challenging.
Therefore, she is worried for her mobility in the future while expecting to keep her activities.



Satisfied: Not Satisfied: Disappointed: @
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Transportation Options:

Carmen has a high school degree. She worked at a university cafeteria. She has been separated from
her husband for 30 years. Carmen currently lives with her 91-year-old mother in a house they own that
is 3.7 miles east of Downtown Dallas. Linda’s current annual household income is $19,000.

Health Background

Carmen had a healthy life without major health
issues. She experiences expected decline in her
health due to increasing age and responsibilities
of taking care of her mother.

Social Connections

Carmen has an older son who lives in Dallas area,
as well. Her son tries to stay in touch and help
Carmen as much as he can. However, as a
primary care giver to her mother, Carmen cannot
participate in any type of social activities and feels
trapped.

Transportation Options

Carmen’s current transportation is driving her
personal car. She drives up to 12 times a week
with an average 25 minutes of driving time. Her
old car breaks up occasionally, but she has to
keep it up since it is the only way to provide transit
for her mother. She tries to walk to places when
she can to save from gas and prevent being
stranded by the side of the road if the car breaks
up. Carmen cannot walk long distances as she
used to before and worries about her safety. She
despises the condition of sidewalks.
Transportation Information

Carmen’s son gave his old smart phone to
Carmen and tried to teach how to use the internet.
Carmen rarely uses online map sources. She
relies on her own knowledge of directions.

Goals and Motivation

Health Status
o Able to walk more than 0.25 miles
e Self-perceived physical health rating is good

Social Status
e Sometimes feels lonely and socially isolated

Mobility Status
e Missed couple of doctor appointments to take

care of her mother
e Unable to walk due to uneven sidewalks and
lack of safety

Accessing Transportation Information
e Herson
e Online map resources once a month or less

Carmen is aware of the fact that she may have to give up driving in the future and she may still have to
take care of her mother. She would like to have assistance for older adults who take care of their
parent(s), like herself, so that she can care for herself and maybe have a chance to do other activities.

Satisfied: Not Satisfied: Disappointed: @
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About

Shandra has an associate degree in Accounting. She worked as a payroll clerk in a pharmaceutical
company. Shandra retired a year ago. She currently lives alone in a house she owns that is 10 miles
southeast of Downtown Dallas. Shandra’s current annual household income is $20,000.

Health Background Health Status

Shandra had a healthy life without major health e Able to walk more than 0.25 miles

issues. She experiences expected decline in her e Self-perceived physical health rating is good
health due to increasing age.

Social Connections Social Status

Although Shandra’s husband passed away two e Rarely feels lonely and socially isolated
years ago, she was able to cope with the help of

her daughter and granddaughter.

Transportation Options Mobility Status
Shandra still drives her personal car. She drives e Concerned about her safety when walking
approximately 8 times a week with an average of due to stray dogs

34 minutes per trip. She tried to use public

transportation to test how to manage her life

without a car. However, she finds the public

transportation too expensive for the span of

service provided. Also, she does not like to walk

because dog problems in her area.

Transportation Information Accessing Transportation Information
Shandra relies on her own knowledge of e Family

directions while driving. If she encounters

problems, she will reach out to her daughter and

granddaughter. She does not use internet for

information or to secure transportation since she

does not have a credit card and access to

internet.

Goals and Motivation

Shandra is aware of the fact that she may not have the option of driving herself all the time later in her
life. She wishes to have public transportation going directly into neighborhoods with more affordable
prices. She had a chance to experience ride share with her daughter. While she thinks that she may
not afford the ride share frequently, she would like to learn how to secure this transit option online in
case she needs it for special events and activities.

Satisfied: Not Satisfied: Disappointed: @
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About

Ronnell has a high school degree. She was a stay-at-home mother to her two children. She currently
lives alone in a house she owns that is 10 miles south of Downtown Dallas. Ronnell’s current annual
household income is $18,500.

Health Background Health Status

Ronnell had a healthy life without major health e Able to walk more than 0.25 miles

issues. She experiences expected decline in her e Self-perceived physical health rating is good
health due to increasing age.

Social Connections Social Status

Ronnell’s husband passed away five years ago. ¢ Never feels lonely and socially isolated

She was able to cope with the help of her

daughter and cousins.

Transportation Options Mobility Status
Ronnell still drives her personal car. She drives e Panics while driving in high-speed streets and
approximately 8 times a week with an average of roads due to other driver’s behaviors

15 minutes per trip. She is aware of the transit

services in her area, and she finds the services

insufficient in terms of frequency. She feels

anxious while driving because other drivers drive

fast. She knows about ride share and taxi via her

daughter, but she is afraid of riding with strangers

and finds these services expensive.

Transportation Information Accessing Transportation Information
Ronnell relies on her own knowledge of directions e  Family when necessary

while driving. She does not use internet for

information or to secure transportation since she

does not have access to internet. She finds

technology too difficult. Therefore, she does not

go online for any reason.

Goals and Motivation

Ronnell is aware of the fact that she may not have the option of driving herself all the time later in her
life. She wishes to have more frequent public transportation with a larger service area so that she can
reach to her basic needs when she can no longer drive.

Satisfied: Not Satisfied: Disappointed: @
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About

Quisha has K-12"" grade without a diploma. She was a stay-at-home mother to her two children. She
currently lives alone in a house she owns that is 16 miles south of Downtown Dallas. Quisha’s current

annual household income is $9,000.

Health Background

Quisha has back problems impacting her ability to
walk

Social Connections

Quisha’s husband passed away ten years ago.
She was able to cope with the help of her
children. She gained the ability to be sufficient to
herself with time.

Transportation Options

Quisha still drives her personal car. She drives
approximately 10 times a week with an average of
35 minutes per trip. She has never used public
transportation and other transit options. Driving at
nights can be challenging.

Transportation Information

Quisha relies on her own knowledge of directions
while driving. She does not use internet for
information or to secure transportation since she
does not have access to internet. She finds
technology too difficult. Therefore, she does not
go online for any reason.

Goals and Motivation

Health Status

Have some difficulty with mobility

Able to walk less than 0.25 miles at once
Self-perceived physical health rating is good
Social Status

Never feels lonely and socially isolated

Mobility Status
e Dislikes walking

Hard to drive at night

Accessing Transportation Information
Family when necessary

Quisha anticipates that she will be able to drive for at least next ten years. She expects gas cards as a
financial support. Quisha would like to drive on safer roads with less traffic that are well lit at night.

Satisfied: Not Satisfied: Disappointed: @
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Lisa has MBA. She worked at several non-profits and retired 3 years ago. Lisa currently lives alone in a
house she owns that is 3 miles southwest of Downtown Dallas. Lisa’s current annual household income

is $70,000.

Health Background

Lisa had a healthy life without major health issues.
She experiences expected decline in her health
due to increasing age.

Social Connections

Lisa separated from her husband 20 years ago.
She has close relationship with her two adult
children who also live in Dallas area. Lisa is still
involved in fund raising activities with multiple
non-profits. She likes to go to exhibitions and
concerts with her friends. She tries to exercise
regularly at recreation center and plays racket ball
with her friends. Lisa tries to participate in seniors’
events to learn about resources available to her.
Transportation Options

Lisa’s current transportation is driving her
personal car. Occasionally, she rides with her
children. She drives her car approximately 12
times a week with 30 minutes average trip
durations. She would like to take more walks
around the neighborhood, but it is not convenient
due to lack of sidewalks. She uses Uber when she
does not feel like driving.

Transportation Information

Lisa knows her way around the city. If she needs
to go somewhere that she is not sure how to get
there, she looks up directions on online maps or
navigation on her smartphone. In addition, her
children help her if she needs more assistance.
Lisa is subscribed to AARP magazine.

Goals and Motivation

Health Status

e Able to walk more than 0.25 miles

e Self-perceived physical health rating is very
good

Social Status

e Never feels lonely and socially isolated

e Active in self-improvement and socializing

Mobility Status
e Occasionally rides with others

e Never misses event or appointments
e Lack of sidewalks preventing leisure walks
around the neighborhood

Accessing Transportation Information
e Family and friends/neighbors
e Online resources3-6 times a week

Lisa expects to drive for a long time. She would like better lit streets for easier driving at night and well-
maintained sidewalks. Although she is not an active user of public transportation for now, she knows
that bus stops are too far away for her. She wishes improvements with public transportation for all older
adults. She wishes free medical transportation for older adults with medical conditions. Lisa expects
better communication of transit options from providers with a detailed directory.

Satisfied: Not Satisfied: Disappointed: @
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Social Connections Transportation

Transportation Options:

Tyrell has an associate of art in Business. She worked at various banks. She currently lives alone in a
senior living facility that is 15 miles northwest of Downtown Dallas. Tyrell’s current annual household

income is $25,000.
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Health Background
Tyrell experiences decline in her health due to her
age. Walking gets harder for her.

Social Connections

Tyrell’s husband passed away six years ago. She
has a son living out of state and she talks to him
multiple times in a week. Tyrell has good circle of
friends in the senior living center with whom she
enjoys social activities.

Transportation Options

Tyrell still drives her personal car. She drives
approximately 6 times a week with an average of
20 minutes per trip. She tried using special
transportation, but she does not like that there are
too many pick ups and long rides. She does not
use public transportation because bus stops are
too far for her. Sometimes she rides in the vans of
senior facility.

Transportation Information

Tyrell relies on her own knowledge of directions
while driving. She does not use internet for
information or to secure transportation. She
sometimes asks associates in senior living for
help or calls her son.

Goals and Motivation

Health Status

e Have some difficulty with mobility

e Able to walk less than 0.25 miles at once

e Self-perceived physical health rating is good
Social Status

e Never feels lonely and socially isolated

Mobility Status
e Never walks outside on the ground

e Unable to walk to bus stops
e Dislikes long rides in special transportation

Accessing Transportation Information
e Family
e Associates in senior living facility

Tyrell does not see any other transportation option she likes but driving her own car. Since she does
not like riding with strangers; therefore, ride share is not an option for her. Her goal is to take care of

herself as much as she can to continue driving.

Satisfied: Not Satisfied:
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Wei has a high school degree. He worked together with his wife, Ying, at their tailoring and shoe repair
shop for 45 years. Wei currently lives with his wife in an affordable residential apartment complex for
seniors that is 11 miles northeast of Downtown Dallas. Wei’s current annual household income is

$9,500.

Health Background

Wei had a healthy and active life. Walking, home-
cooked food, and work life kept him active
mentally and physically. Due to straining his eyes
for his job, he does not see well and needs
prescribed eyeglasses.

Social Connections

Health Status

o Easily able to walk more than 0.25 miles

e Self-perceived physical health rating is good
e Issues with vision

Social Status
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Wei spends most of his time with his wife. He has
a few friends in the same apartment complex with
whom he goes to bible study and gathers for tea
and board games, and chats in Mandarin.
Transportation Options

Wei never had a car before. Therefore, he is used
to navigate with the available transportation
options. He goes everywhere with his wife Ying.
He mostly uses public transportation and
sometimes rides with others living in the same
complex.

Transportation Information

Wei depends on printed transit schedules with his
wife’s assistance. He does not use online services
for transportation information due to difficulty of
reading and understanding English.

Goals and Motivation

e Never feels lonely and socially isolated

Mobility Status
e Walks 30 minutes 5 days a week

e Uses public transportation 4 to 5 times a week

Accessing Transportation Information
e Local aging and faith-based organizations
e Doctor and health care offices

Wei had close calls to tipping over on sidewalks with his wife. He may navigate better with audio aid at
intersections. While he still anticipates using public transportation, he acknowledges the fact that he
may depend more on riding with others as he gets older. Regardless, he wishes to continue
maintaining and managing his trips by his wife as he gets older.

Satisfied: Not Satisfied: Disappointed: @
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Transportation Options:

Isaiah has an associate of science degree in Industrial Engineering. He retired six years ago from a
manufacturing company. He lives alone in a house he owns that is 5.5 miles southwest of Downtown
Dallas. Isaiah has one child. Isaiah’s current annual household income is $53,000.

Health Background

Isaiah had a healthy life. He did not have major
health issues. He manages his high blood
pressure with a prescribed beta blocker.

Social Connections

Isaiah’s wife passed away two years ago. He still
grieves but also tries to connect with other seniors
at local aging organizations. He has a son who
lives out-of-state. He talks to his son couple of
times in a week but does not see him frequently.
Transportation Options

Isaiah drives everywhere with his personal car.
While he is aware that there is public and special
transportation in his area, he foresees that he will
be able to drive for some time and will not need to
use any of these transportation options in the near
future.

Health Status

e Able to walk more than 0.25 miles at once

e Self-perceived physical health rating is very
good

Social Status

e Sometimes feels lonely and socially isolated

Mobility Status
e Never misses any trips, appointments, or
events

e Able to travel wherever he wants at anytime
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Transportation Information

Isaiah has detailed knowledge of roads in Dallas
area. If needs to go to a location he has never
been to, he will check online map resources
before planning his trip.

Goals and Motivation

Accessing Transportation Information
e Checks online map once in every few weeks

Isaiah will continue driving until he is not able to. He grabs and reads printed transportation information
available in healthcare offices, church, and local aging organizations to get more familiar with his
options when he can no longer drive. Isaiah wishes to increase his circle of friends by participating
more events with local aging organizations and recreational centers.

Satisfied: Not Satisfied: Disappointed: @
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Transportation Options:

John has an associate degree in culinary arts. He worked at various grocery stores and retired 5 years
ago. He lives alone in a senior living facility that is 3.5 miles northeast of Downtown Dallas. John’s

current annual household income is $22,000.
Health Background

John had to stand on his feet a lot for his work
and he injured his back. Although he does
targeted exercises for his back, walking can be
hard at times.

Social Connections

John has never married, and he has been living
alone since he was 25. He used to spend time
with a couple of close friends, but his friends
moved closer to their children. John makes effort
to socialize in senior events at the senior living
facility.

Transportation Options

John gave up driving due to expenses and
unnecessity of owning one. John uses public
transportation three times a week on average and
his trips take 15 to 20 minutes. However, there
are many occasions he had to wait a long time for
a bus. Also, he uses the scheduled bus service
provided by senior living facility for local shopping.
He worries about conditions of sidewalks and
intersections since he may need to use an electric
wheelchair in the future.

Transportation Information

John can ask the social worker in the facility about
anything. He has an idea on how to secure

Health Status

e Have some difficulty with mobility

e Able to walk less than 0.25 miles at once

e Self-perceived physical health rating is good

Social Status
e Sometimes feels lonely and socially isolated

Mobility Status
e Missed a doctor visit due to lack of

transportation
e Uneven sidewalks make it harder to walk

Accessing Transportation Information
e Social worker
e Advertisement
e Friends and neighbors, doctor offices
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transportation online, but also he finds it hard to
learn from others.

Goals and Motivation

John would like to establish more social connections within the senior living facility and at outside
activities. He sometimes wishes to use Uber to go out in the evening, but its cost prevents him from
riding with one. He wishes to have more frequent public transit services and a well-maintained
environment to prevent injuries and accidents.

Satisfied: Not Satisfied: Disappointed: @

90



	Developing Strategies to Enhance Mobility and Accessibility for Community-Dwelling Older Adults
	Let us know how access to this document benefits you.
	Recommended Citation

	Report Cover - NITC -UTA 1304
	1304_UTA_Hyun_Revised_final_draft_LF_Formatted
	executive Summary 1
	1.0 introduction 2
	2.0 LITERATURE REVIEW 6
	2.2.1 Age and Health 7
	2.2.2 Gender 7
	2.2.3 Education and Income 8
	2.2.4 Race and Ethnicity 9
	2.4.1 Behavioral Modeling 11
	2.4.2 Personas 11
	2.4.3 Agent-Based Modeling 12

	3.0 DATA COLLECTION 14
	4.0 METHODOLOGY 16
	4.1.1 Latent Class Cluster Analysis to Understand Mode Choice Decisions 16
	4.2.1 Persona Development 18
	4.2.2 Agent Logic Development 19

	5.0 RESULTS 21
	6.0 DISCUSSION 57
	6.1.1 Understanding Older Adults’ Mobility Needs and Gaps in a Socioeconomic Context 57
	6.1.2 Transportation Education and Technology Training 57
	6.1.3 Practical Age-Friendly Guidelines and Implementation 58

	7.0 CONCLUSION 60
	8.0 REFERENCES 62
	9.0 Appendix 73
	List of tables
	List of figures

	executive Summary
	1.0 introduction
	1.1 Background
	1.2 Research Objective
	1.3 Report structure

	2.0 LITERATURE REVIEW
	2.1 older adults’ mobility options
	2.2 Factors Impacting Older Adults’ Mobility
	2.2.1 Age and Health
	2.2.2 Gender
	2.2.3 Education and Income
	2.2.4 Race and Ethnicity

	2.3 Resilience and COVID-19
	2.4 Literature Review on Modeling Strategies
	2.4.1 Behavioral Modeling
	2.4.2 Personas
	2.4.3 Agent-Based Modeling


	3.0 DATA COLLECTION
	3.1 Travel behavior survey
	3.2 Individual interview

	4.0 METHODOLOGY
	4.1 Older Adults Behavioral Modeling
	4.1.1 Latent Class Cluster Analysis to Understand Mode Choice Decisions

	4.2 Agent-based model
	4.2.1 Persona Development
	4.2.2 Agent Logic Development

	4.3 Qualitative analysis to explore factors enhancing resilience during the covid-19 pandemic

	5.0 RESULTS
	5.1 Questionnaire survey findings
	5.2 Latent Class Cluster Analysis to understand mode choice decisions
	5.3 A Stakeholder-Driven Approach to Understanding the Transportation Needs
	5.4 Persona Development for the Community-Dwelling Older Adults
	5.5 House of Quality for Primary Personas
	5.6 Application of 1000minds
	5.7 Using 1000minds Results for Agent-based Modeling
	5.8 Agent-based Model (ABM)
	5.9 Qualitative analysis to explore factors enhancing resilience during the COVID-19 pandemic

	6.0 DISCUSSION
	6.1 Mobility policy and strategy recommendations
	6.1.1 Understanding Older Adults’ Mobility Needs and Gaps in a Socioeconomic Context
	6.1.2 Transportation Education and Technology Training
	6.1.3 Practical Age-Friendly Guidelines and Implementation

	6.2 Findings from ABM

	7.0 CONCLUSION
	8.0  REFERENCES
	9.0 Appendix





Accessibility Report





		Filename: 

		Developing Strategies to Enhance Mobility and Accessibility for C.pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found problems which may prevent the document from being fully accessible.





		Needs manual check: 0



		Passed manually: 2



		Failed manually: 0



		Skipped: 1



		Passed: 22



		Failed: 7







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Passed manually		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Passed manually		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Failed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Failed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Failed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Failed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Failed		Tables should have headers



		Regularity		Failed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Skipped		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Failed		Appropriate nesting










Back to Top

