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ABSTRACT 

The proportion of individuals aged 65 and over is growing at an astronomical rate in the United 

States, and some estimate that this demographic age group will double by the year 2025. Aging 

adults are primarily dependent on the personal automobile as their main source of transportation. 

Older adults and adults nearing retirement age also tend to reside in suburban neighborhoods and 

rely heavily on personal vehicles. Since most of the United States is characterized by automobile 

dependent suburbanization, where the majority of development is suburban low-density sprawl, 

this may become problematic for aging populations who may be uncomfortable driving longer 

distances and making more trips.  These trends invite the question of whether the deck is stacked 

against individuals approaching retirement age (50-64) and aging populations (65 and up).  This 

study examines aging populations’ mobility and determines whether they have different travel 

patterns than their younger cohorts. Additionally, this investigation explores whether or not 

travel patterns across age groups result in differential access to particular goods and services, as 

well as differences in travel environment characteristics in a metropolitan area. This research 

proposes an approach based on Time Geographic Density Estimation (TGDE) to identify activity 

spaces across different age cohorts in order to identify differences in the mobility and travel 

behavior of aging adults. TGDE is an established technique in the literature, which blends the 

notion of activity spaces with the computation of probabilistic potential path trees along a 

transportation system. In this way it establishes an ‘extent’ or overall mapping of the activity 

space of an individual, but is able to further refine that extent to identify the most likely places 

they are able to visit within that geography. Data on origin and destination trips and travel times 

are taken from the National Household Travel Survey (NHTS) Florida add-on for the study area 

of Orlando Metropolitan Statistical Area (MSA). Transportation is an important consideration in 

planning for aging populations, and analyzing differences in how older adults travel compared to 

their younger counterparts can offer insight into the diverse needs of this group.
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CHAPTER ONE  

INTRODUCTION 

The study of the impacts an accessible transportation system has on communities has had 

a long tradition within geography and urban planning (Morill & Symons, 1977; Kwan, 1998; 

Levinson, 1998; Bhat et al., 2000; Hansen, 1959a; Weibull, 1976). Past analyses have examined 

the concept of accessibility, or the ease with which individuals reach desired locations, using a 

variety of methodological techniques and frameworks in order to distinguish inequities across 

vulnerable and specific population groups (Paez, Gertes Mercado, Farber, Morency, & Roorda, 

2010; Shliselberg, 2015). Research has focused on land use, access to health care and food 

stores, social disparities, and other concepts in an effort to identify existing inefficiencies in the 

transportation system (Apparicio, Cloutier, & Shearmur, 2007; R Cervero, Rood, & Appleyard, 

1999; H. L. Handy & Niemeier, 1997; M. Kwan & Weber, 2003; Wang, 2012). 

This research builds on these past traditions by investigating accessibility in the context 

of aging populations in a metropolitan region. Specifically, this dissertation considers the travel 

environments of pre-retirement and older adults compared to younger adults and explores how 

this may affect adults who choose to ‘age in place.’ The population of the United States is aging 

rapidly and this dissertation addresses the looming accessibility challenges associated with older 

adults. Implications of the findings of this research are sufficiently broad that they will contribute 

to understanding larger issues related to older adults and travel behavior. 

1.1 Research Context 

The proportion of individuals aged 65 and over is growing at an astronomical rate in the 

United States, and some estimate that this demographic age group will double by the year 2025 

(B. W. H. Frey, 2011). Aging adults are primarily dependent on the personal automobile as their 

main source of transportation (Farber & Shinkle, 2011). Older adults and adults nearing 

retirement age also tend to reside in suburban neighborhoods and rely heavily on personal 

vehicles (Schaefer, 2015). Since most of the United States is characterized by automobile 

dependent suburbanization, where the majority of development is suburban low-density sprawl, 

this may become problematic for aging populations who may be uncomfortable driving longer 
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distances and making more trips (DeGood, Goldberg, Donahue, & Shoup, 2011).  These trends 

invite the question of whether the deck is stacked against individuals approaching retirement age 

(50-64) and aging populations (65 and up) in the context of mobility and accessibility. Most 

accessibility studies focus on the amount of activities individuals are exposed to in proximity to 

their home locations (M. W. Horner, Duncan, Wood, Valdez-Torres, & Stansbury, 2015). 

Increasingly, research has now adopted methods that examine the travel environments of 

individuals. A travel environment is composed of all of the settings an individual is exposed to 

through travel. There has been a general acknowledgement that only focusing on the home 

locations of individuals may not be providing a full picture of accessibility in a broader context 

(Winters et al., 2014). In the case of older adults, many fear that aging in neighborhoods that 

predominantly require an automobile may put older adults at a disadvantage. At the same time, 

little is known about the geographic mobility of older adults, the types of activities older adults 

are exposed to through daily travel, and older adults’ general travel environments. The overall 

research question this dissertation seeks to answer is: do aging populations have different travel 

patterns than their younger cohort and if so, do these different travel patterns result in differential 

access to particular goods and services? Additionally, if there are inequities across age cohorts, 

are there any differences in the travel environments that could provide answers as to why this is 

the case? This question is important, because as stated previously, studies have shown that older 

adults make less trips, travel less distance, and make fewer chain trips than their younger 

counterparts (S. Kim, 2011; Moniruzzaman et al., 2015). This research will utilize several 

methodological techniques in order to determine whether mobility disparities exist in pre-aging 

adults (50-64) and aging adults (65 and up) in terms of accessing opportunities and exposure to 

different types of environments through automobile trips. 

While there are many studies that have examined the travel behavior and accessibility of 

aging populations, to date there have been few studies that examine the nature of older adults’ 

travel environments and what that means in the context of their mobility and accessibility 

(Alsnih & Hensher, 2003; Mercado, Páez, & Newbold, 2010). Additionally, even fewer studies 

have examined the travel environments of the baby boomer (in this study categorized as adults 

aged 50-64) generation, who are set to become the largest oldest generation in history (B. W. H. 

Frey, 2011). This dissertation will utilize a methodological framework known as time geographic 

density estimation (TGDE) in order to measure and delineate the travel environments or activity 
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spaces of adults aged 18-49, 50-64, and 65 and older within the Orlando Metropolitan Area. This 

study area was chosen because of its location in Florida, which has a large number of retirees and 

older adults in residence. It also represents a geographic location with substantial suburban and 

urban areas and is considered a more automobile dependent city than public transit oriented. As 

such, Orlando MSA could be used as a proxy for many cities across the United States. 

Identifying inequities related to mobility and accessibility in this context will inform whether or 

not ‘aging in place’ is something to be concerned about. ‘Aging in Place’ is the ability for 

individuals to continue residing in their own homes or communities safely and comfortably 

despite aging or disabilities. In a sense, the desire to age in place is only something to be 

concerned about if aging populations lose the ability to reside independently in their own 

neighborhoods. If it can be assumed that since the majority of older adults will reside in 

suburban neighborhoods with few proximal activities, if only their home locations are taken into 

account it can be assumed that aging in place could very well become a problem in terms of 

accessibility. On the other hand, if by examining older adults’ travel environments or activity 

spaces it is discerned that they showcase adequate geographic mobility, which affords them 

exposure to a multitude of opportunities through daily travel, then ‘aging in place’ may not 

necessarily have negative impacts.  

1.2 Importance and Contributions of the Research 

Essentially, this research is concerned with investigating the relationship between older 

adults and their travel behavior in order to identify potential problems associated with aging in 

place. As such, it is anticipated that this research would contribute to general knowledge of older 

adults and their future needs. The main issue driving the motivation for this research is the 

concept of aging in place. Previous studies have expressed concern that older adults will be 

essentially “stuck without options” residing in their auto dependent suburban neighborhoods 

(DeGood et al., 2011). Previous studies have shown that older adults make less trips and travel 

less distance than younger adults(Rosenbloom, 2003). At the same time, many studies have 

countered that future older adults could behave very differently than older adults of the past 

(Siren & Haustein, 2013). Ultimately, this dissertation seeks to understand the current travel 

behavior of adults aged 50-64 and aging adults (65 and older) at the individual level compared to 

the rest of the population. By identifying and describing unique trends surrounding the current 
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travel environments of these populations, this research aims to inform policy and transportation 

planners with evidence to support any development or mitigation, which enables aging adults to 

lead healthy and productive lives despite potential barriers. This research will also extend 

methods that specifically examine individual travel patterns, which will provide a 

methodological foundation for future studies interested in identifying inequitable travel patterns 

across socio-demographic groups. Broadly, it is hoped that the findings of this research will 

perpetuate discussion on older populations, their travel environments, and issues related to 

mobility and accessibility. Additionally, this research would contribute to academic and policy 

debates involving aging in place and transportation, and what the future holds for older adults.  

1.3 Limitations of this Research 

While this dissertation is intended to make significant contributions to the fields of 

transportation, urban planning, geography, and elder studies, there are some limitations that 

should be identified. First, there are limitations imposed on the types and age of the data 

available for this study. This research utilizes the 2009 National Travel Household Survey, 

which at the time of this research is nearly a decade old. As such, this investigation attempts to 

use other datasets from the same time period. This affects the claims the dissertation can make 

about trends today, but does not limit the ability to make comparisons for the year the data was 

collected. Specific limitations regarding methodology, scale, etc. will be addressed in more detail 

as appropriate.  

1.4 Organization of the Research 

Chapter one provides a broad introduction of the purpose and intention of this 

dissertation. The topical area to be considered is at the intersection of transportation, 

accessibility, older adults, activity spaces, and travel environments. The goal of this dissertation 

is to provide new insights into the travel behavior of older adults in order to extend our 

understanding of older adults and their future transportation needs.  

Chapter two provides an expansive literature review of past and current topics to support 

the overall research provided by this dissertation. First, a broad overview of mobility and 

accessibility issues facing older adults are addressed as well as a general overview of baby 
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boomers and future transportation challenges are addressed. Second, several specific analytical 

and methodological concepts related to accessibility are introduced and summarized. Third, a 

significant discussion of time geography and its methodological implementation is presented, 

including concepts such as activity spaces and time geographic density estimation (TGDE).  

Chapter three summarizes all of the transportation datasets used in the analyses, as well 

as gives an overview of the study area’s socioeconomic and demographic characteristics in the 

context of aging adults. The first section of chapter three provides in depth information on the 

National Household Travel Survey. The second section looks at additional publicly available 

datasets and discusses their content. The final section presents an overview of the Orlando 

Metropolitan Statistical area providing information and context on the general population 

residing in the area.  

Chapter four is the first of three analytical chapters in this dissertation. This chapter 

presents a study exploring older people’s activity spaces across age cohorts in order to identify 

differences in mobility based on travel patterns. Literature is provided to support that there is a 

clear need to understand the mobility patterns of pre-retirement and aging adults in order to 

prepare for the demographic shift approaching the United States. Second, an analysis using Time 

Geographic Density Estimation (TGDE) is used to create activity spaces for sampled travelers 

and grouped by ages. Activity spaces for age cohorts are then examined in order to identify 

spatial differences in travel patterns. Results are presented to show that different age groups have 

different travel patterns based on the activity spaces generated using TGDE, where older adults 

express less geographic mobility than their younger counterparts. One of the important 

takeaways of this chapter is that the baby boomer cohort has the least geographic mobility of all 

age groups. The final section of chapter four discusses how these findings may inform policies 

that support providing key services in neighborhoods or areas where older adults are more likely 

to reside. 

Chapter five is an extension of chapter four. While chapter four looks specifically at 

activity spaces across age cohorts in order to assess overall mobility within the Orlando MSA, 

chapter five is interested in assessing accessibility to goods and services across age cohorts. The 

methods used in chapter four are extended in order to identify specific opportunities within the 

activity spaces of different age cohorts. Essentially, chapter five represents an effort to quantify 

the activity spaces of aging populations and examine their exposure and accessibility to activities 
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along their travel paths. The chapter looks at a wide range of opportunities that represent the vital 

needs of aging populations and provides discussion based on summary analysis and spatial 

comparison of results. 

Chapter six builds on chapter five by attempting to understand what kind of attributes 

older adults are exposed to in their activity spaces other than goods and services. Essentially, this 

chapter takes a close look at the travel environments of different age cohorts. Using the same 

activity spaces developed in chapters four and five, a variety of geospatial datasets are integrated 

with the activity spaces in order to characterize the socio-demographic and physical 

characteristics within the travel environments of older adults. The chapter ends with a discussion 

of how evaluating the environmental characteristics surrounding older adults’ travel spaces 

allows us to distinguish the kinds of environments older adults are more likely to be exposed to 

through daily travel. 

Chapter seven is the final chapter of the dissertation. It summarizes the findings from 

each of the prior analytical chapters and provides a broader discussion of the conclusions that 

may be drawn from the dissertation as a whole. In addition, suggestions for future research are 

discussed. 
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CHAPTER TWO  

LITERATURE REVIEW 

Chapter two reviews several studies in order to set a broad context for the work that will 

appear later in the dissertation. A broad overview of mobility and accessibility issues facing 

older adults and baby boomers are addressed before specific analytical and methodological 

concepts, such as activity spaces, and specific methodological techniques are examined.  

2.1 Mobility and Accessibility of Aging Adults 

With the aging of the baby boomer population, the United States is experiencing an 

unprecedented demographic shift. By the year 2025 nearly 20% of the U.S. population will be 

over the age of 65 (Moniruzzaman et al., 2015). Older adults have a myriad of needs to be 

acknowledged and met in order to prepare for these historic changes. One of the needs that 

should be at the forefront of issues surrounding aging adults is to understand how transportation 

systems will be affected by the demographic shift. There have been recent inquiries and research 

into the mobility and accessibility needs of aging adults as they pertain to transportation and 

travel behavior. Transport mobility is essential for older adults to access opportunities, maintain 

social networks, and promote psychological and physical benefits related to travel. The following 

section emphasizes the body of research focused on exploring mobility and accessibility as it is 

related to older adults. Research conducted so far will be reviewed and many of the issues and 

findings in this area will be summarized. Additionally, a review of some of the more popular 

methodological frameworks surrounding accessibility will be conducted and explored for 

measuring accessibility in future analyses.  

2.1.1 Mobility 

Mobility is defined as the ability for individuals to gain access through movement to the 

facilities they desire to reach. In a transportation context, mobility can be thought of as the 

potential for movement (Spinney, Scott, & Newbold, 2009) As such, mobility is an important 

concept often discussed in the context of aging populations and transportation. In a sense, access 

to transportation facilitates mobility for older adults. It should be noted that the elderly are not a 
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homogenous group The majority of studies investigating the mobility of older adults are 

conducted within the U.S. with a majority emerging from the United Kingdom, The Netherlands, 

Canada, and Australia(Alsnih & Hensher, 2003). More older adults are dependent on the 

automobile in the U.S., Europe, and Australia (Rosenbloom, 2003). 

Researchers have indicated concerns that if aging populations’ transportation needs are 

not met they may experience limited social interactions and isolation from normal daily 

activities. Metz (2000) argues that healthy social interaction keeps older adults healthy and 

engaged with the rest of society, not only mentally, but physically as well. Researchers have 

noted that transport mobility in the context of older adults should include acknowledgment of 

several different dimensions, including but not limited to: access to the places older adults want 

to go, psychological benefits of travel, the benefits of physical movement, maintaining social 

networks, and potential travel. As adults age they may face many constraints in their desire to 

remain mobile within the rest of society. Disabilities associated with aging that could lead to 

physical and mental deficiencies may leave older adults without the ability to operate or access a 

means of transportation.  

Additionally, there may be constraints that occur within the transportation system as it 

exists today that may become problematic for the influx of older adults in the future. An example 

would be spatial mismatch where opportunities may be located farther away from where older 

adults live or traffic conditions, such as congestion or roadway designs, and may be viewed as 

difficult for older adults to drive due to safety perceptions (D. . Metz, 2000). In addition to 

traveling for social reasons, trends have indicated that more aging Americans will retire at a later 

age meaning that there will be a larger proportion of older commuters than in years past 

(Mcguckin, Lynott, & Figueiredo, 2012). Studies reporting the travel patterns of aging 

Americans have found that the aged tend to take significantly shorter trips regardless of where 

they lived (ie. urban vs. rural), and also take fewer daily trips per person than their younger 

counterparts (Hwang et al., 2015). It should be noted that this could simply be a function of no 

longer participating in work trips since many adults retire after reaching the age of 65.  

Furthermore, driving cessation, or relinquishing the privilege to drive, is another 

important issue faced by older adults (O’Neill, 2010). While the decision to stop driving is 

influenced by a variety of factors, driving cessation is most often determined by the health of the 

older adult. Many of these health problems include changes in reaction time, vision, hearing, 
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muscle strength, range of motion, pathological diseases, and the use of various medications 

(Adler & Rottunda, 2006). As a result of complications due to health issues, many older adults 

will attempt to compensate for their shortcomings by driving less or restricting their driving to 

daytime or uncongested areas (Adler & Rottunda, 2006). Driving cessation and mobility 

reduction becomes more evident for adults aged 80 and older(Alsnih & Hensher, 2003). In the 

U.S. the 75 and older age cohort is characterized by lower income, lower car ownership rates, 

and more physical limitations than younger cohorts (Alsnih & Hensher, 2003; Coughlin, 2009).  

At the same time, many older adults will continue to drive despite health problems due to 

insufficient transportation alternatives (Adler & Rottunda, 2006).  Most older adults live in low 

density sprawl suburbs and rely almost exclusively on the automobile as their singular mode of 

transportation (Rosenbloom, 2003). Here suburbs are defined as the residential communities 

adjacent to cities or towns. Their land use consists mostly of residential development with a low 

diversity of other land use types. It should be noted that there are exceptions to this trend, but 

within the United States, the majority of older adults reside in these communities(Schaefer, 

2015). The preferred mode of transportation for adults 65-75 is the automobile, as either driver 

or passenger(Alsnih & Hensher, 2003; Burkhardt & McGavok, 1996; DeGood et al., 2011; 

Rosenbloom, 2003). Specifically in the U.S., even in areas where public transportation is an 

option many older adults prefer to use family and friends to transport them rather than use transit 

(Adler & Rottunda, 2006; DeGood et al., 2011). One study in the U.S. found that 74% of adults 

aged 65 and older chose to use a car as their main form of transport, while only 54% of adults 

18-59 chose to use a car (Rosenbloom, 2003). Many studies have noticed differences in when 

women versus men decide to quit driving (Bauer, Adler, Kuskowski, & Rottunda, 2003; Brabyn, 

Schneck, Lott, & Haegerström-Portnoy, 2005; Kostyniuk & Shope, 2003; O’Neill, 2010). Older 

men are less likely than women to cede their driving privileges (Adler & Rottunda, 2006; Bauer 

et al., 2003). 

Not only do studies explore driving cessation, there is also considerable literature on the 

travel behavior and patterns of older adults. Trends indicate that older adults of today have 

higher rates of holding a driver’s license compared to previous generations of older adults, and 

this number is only expected to increase (Alsnih & Hensher, 2003). For example, it is estimated 

that 100% of males and 60-90% of females will enter retirement as drivers in the United 

States(Alsnih & Hensher, 2003; Burkhardt & McGavok, 1996; Rosenbloom, 2003). As stated 
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previously, most older adults reside in suburbs where reliance on a personal automobile is 

mandatory to reach virtually any activity (Coughlin, 2009; DeGood et al., 2011). If these older 

adults cannot operate a personal vehicle independently then they usually rely on family or friends 

to provide transportation (DeGood et al., 2011). In a sense, the ability to operate a personal 

vehicle is equated with mobility due to the fact that American transportation systems and land 

use patterns have resulted in dependence on automobiles (Kostyniuk & Shope, 2003). Across the 

United States there are very few public transport systems that provide the same ease, 

convenience, cost effectiveness, and safety that the personal automobile provides (DeGood et al., 

2011). Many older adults who no longer drive tend to rely on family and friends to transport 

them in their automobiles (DeGood et al., 2011; Kostyniuk & Shope, 2003; Rosenbloom, 2003). 

Adequate transportation alternatives to the car for aging populations do not exist in the U.S. This 

is in large part due to the automobile dependent culture and society of the U.S.(DeGood et al., 

2011). Still there are a multitude of ways to create transportation friendly environments in the 

places where older adults already live. Many studies have proposed mitigative measures that 

would provide education and retirement plans focusing on options to maintain and enhance 

mobility and accessibility. This would effectually make individuals more aware of their future 

transportation needs so that they could factor them into retirement plans(Alsnih & Hensher, 

2003). Additionally, infrastructure for vehicles could be made more aging adult friendly by 

eliminating conflicts at intersections (where most accidents among elderly drivers occur), ramps, 

roundabouts, etc.(Coughlin, 2009; S. Kim, 2011).  

In a study that examined responses from the 2001 National Travel Household Survey, 

results found that older adults take fewer trips, travel shorter distances, and have shorter travel 

times than their younger counterparts (Collia, Sharp, & Giesbrecht, 2003). At the same time, 

these findings could be indicative of the dominant trip purposes of older adults. Typically, age 65 

is the standard retirement age when adults leave the workforce. Since older adults are no longer 

making work trips, the fact that they make less trips and travel shorter distances could simply 

mean that they are no longer going to work (Lynott & Figueiredo, 2011). On the other hand, 

older adults of today appear to make more trips than older adults of previous generations (Alsnih 

& Hensher, 2003).  

In summation, the vast majority of studies show that older adults prefer to use their own 

automobile for travel, and when they can no longer operate their own automobile they typically 
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rely on family and/or friends to transport them via automobile (Lynott & Figueiredo, 2011; 

Newbold, Scott, Spinney, Kanaroglou, & Páez, 2005; Rosenbloom, 2003; Su & Bell, 2009). It 

appears that the majority of older adults achieve mobility through the automobile. Mobility is a 

concept closely related to accessibility where mobility implies the level of ease with which older 

adults can move from place to place, while accessibility is the ability to reach opportunities. In 

other words, mobility has the potential to provide accessibility. The next section will focus on 

the concept of accessibility: how it is measured and defined, and how it has been applied to aging 

populations.  

2.1.2 Accessibility and Older Adults  

Accessibility is defined as the ease with which individuals or groups of people can travel 

to and from opportunities via the available transportation system (S. L. Handy & Clifton, 2001). 

When it comes to aging populations, there are still quite a few unknowns in terms of identifying 

and exploring whether older adults have adequate access to the goods and services they would 

like to reach (M. W. Horner et al., 2015). The concept of accessibility refers to the facilitation of 

well-organized transportation systems that move people efficiently, while at the same time 

providing individuals with access to as many opportunities as their travel means will allow (Bhat 

et al., 2000). The previous section was concerned with mobility, which should not be conflated 

or confused with the term accessibility. These concepts are two different theoretical frameworks 

where mobility is essentially aimed at being able to move across the transportation system, while 

accessibility is concerned with reaching opportunities via the transportation system and not the 

movement itself (Preston & Rajé, 2007). As discussed in the previous section, many studies 

examining aging populations and transportation tend to focus more on the mobility of aging 

populations rather than aging populations’ accessibility to and from opportunities and activities 

(DeGood et al., 2011; Farber & Shinkle, 2011).  

Research that has explored the concept of accessibility applied to aging populations have 

utilized surveys in order to investigate the lack of access to goods and services (Collia et al., 

2003; Farber & Shinkle, 2011; S. Kim, 2011; Siren & Haustein, 2016). For example, Wilson, et. 

al. (2003) distributed a survey to aged adults questioning participants about their perceived 

access to food and the dietary variety available to them in order to explore accessibility to food 

stores. Another examination used surveys to gauge the accessibility of older adults to health care 
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services where participants were asked to describe their trips, whether or not they have access to 

private transportation, and their living arrangements in order to assess associations with their 

number of doctors’ visits (Nemet & Bailey, 2000).  

Those interested in the accessibility of aging populations also frequently investigate their 

access to transit (DeGood et al., 2011; Hess, 2009; Wood, Horner, Duncan, & Valdez-Torres, 

2016). Degood (2011) examines transit access for aging populations at the metropolitan level and 

finds that most older adults do not have sufficient access to public transit. This study emphasizes 

the argument revolving around the need for better public transit targeted at aging populations, 

wherein the U.S may be in danger of facing a mobility crisis when older adults who reside in 

suburban neighborhoods can no longer operate personal vehicles, but also have insufficient 

access to transit (DeGood et al., 2011). Another analysis utilizes surveys in order to examine 

perceived access to transit and its influence on ridership for aging populations (Hess, 2009). The 

authors’ goal was to compare associations between older adults who do and do not ride fixed-

route public transit and examine their neighborhood walking access to buses and trains. Results 

indicated that while aging populations had consistent transit coverage, automobile-oriented 

patterns of development have created places that are difficult to serve with public transit because 

origins and destinations are dispersed and housing and employment are mismatched (Hess, 

2009). This study supports the argument that if older adults choose to continue residing in 

primarily residential suburbs where few activities exist within close proximity, they may face 

challenges in the future when operating a personal automobile is no longer an easy option.  

Also, there have been studies interested in measuring accessibility in quantifiable terms 

where the ease with which aging populations can reach a given set of opportunities is measured 

using an accessibility framework. These studies essentially model the geographic accessibility of 

aging populations to goods and services. Using a geographic information systems (GIS) 

software, Love and Lindquist (2005) measure accessibility of older adults to hospital facilities. 

Using census block groups as a proxy for older adults’ home locations, they measured the 

number of adults over age 65 that could reach a hospital in less than 20 miles (Love & Lindquist, 

1995). A different investigation argues that because elderly people are less likely to travel long 

distances and make complex trips, an appropriate residential location is more critical to aging 

populations than at other times of life (Somenahalli & Shipton, 2013). As such, this study 

examined the distribution of services within neighborhoods where older adults reside and found 
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that the residential location of adults over age 75 is best explained by their area’s access to 

services (Somenahalli & Shipton, 2013). Most recently, Horner, et. al. (2015) constructed a 

systematic quantitative analysis within a GIS environment of aging adults’ accessibility to 

potential activities across different modes. Results indicated that the potential accessibility of the 

aging population varies by activity type and differs with other age group cohorts (M. W. Horner 

et al., 2015). Interestingly, this study noted that adults over 85 years of age have higher 

accessibility, while adults aged 50-64 had lower levels of accessibility (M. W. Horner et al., 

2015). Researchers noted that this could be due to the fact that assisted living facilities located 

within the city’s center may have impacted the accessibility scores of this age group (M. W. 

Horner et al., 2015). 

All of these trends are interesting in terms of how aging populations access activities. At 

the same time, these investigations do not capture the traveling environment in terms of the 

opportunities and spatial patterns of aging populations while they travel. Individual measures 

that capture the spatial and temporal constraints of aging populations’ daily travel will assist in 

putting into context the direct needs of this demographic. As the population continues to age it 

will be essential to understand how the older population accesses the places they need to go. 

Overwhelmingly, studies have shown that the majority of older adults prefer to reach locations 

via automobile (Alsnih & Hensher, 2003; Coughlin, 2009; DeGood et al., 2011; Farber & 

Shinkle, 2011). Accessibility metrics for analyzing the activity patterns of aging populations can 

be utilized to assess how efficient the transportation system serves these populations and if any 

deficiencies exist.  

Accessibility measures could be utilized to identify transportation disadvantaged older 

adults based on their relative access compared to the rest of the population. For example, Casas 

(2007) used cumulative opportunity measures in order to compare accessibility to goods and 

services between disabled and non-disabled groups, while Horner, et. al. (2015) examined 

accessibility to a range of opportunities including healthcare and shopping in order to identify 

inequitable access across age groups. By identifying areas containing aging adults with low 

accessibility, policy makers can work to reduce transport costs and as a result decrease the 

financial burden associated with inaccessibility. It is essential to evaluate travel patterns of both 

aging adults and younger adults and compare their level of transport access in order to determine 

underlying differences. Supplying adequate transportation options and improving the existing 
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transportation system for a segment of the population that will very nearly make up the majority 

must be prioritized by policy makers. Current urban form, which supports an automobile 

dependent society, decreases the chances that aging populations will have an easier transition 

into integrating into a normal social life and being able to access goods and services once driving 

cessation begins, or they become less comfortable operating an automobile independently (Adler 

& Rottunda, 2006; O’Neill, 2010). In the next section, a brief overview of baby boomers and 

their potential travel needs and the uncertainty of how they will behave as older adults is 

discussed.  

2.1.3 Baby Boomers, Older Adults, and Travel Behavior 

Substantial discussion thus far has been focused on aging adults or adults who are older 

than age 65. Here a discussion of some of the recent and historical trends revolving around the 

baby boomer generation will be reviewed in the context of aging and travel behavior. Much of 

the research conducted on aging adults is concerned with adults who are already over the age 65. 

Since the baby boomer generation is piqued to become the largest, oldest generation in history, a 

substantial review and discussion of their travel behavior, and the differences in past older 

generations, is relevant to this dissertation’s broader impacts.  

Between the years 1946 and 1964 more than 77 million people were born in the United 

States (B. W. H. Frey, 2011). This age cohort, commonly referred to as baby boomers, is the 

largest generation in America’s history. Historically, the baby boom and the construction of the 

interstate highway system along with the suburban boom went hand in hand. By the year 1960, 

suburban baby boomers comprised one third of the suburban population of the United States 

(Coughlin, 2009; Engelhardt, 2006). This increase of large, self-contained residential 

subdivisions, connected to the city and commercial areas by roadway arterials and freeways, 

created a suburban landscape dependent on the automobile for virtually all aspects of daily living 

(W. H. Frey, 2003). It has been argued that the baby boomer age cohort is characterized by their 

drastically different lifestyles, since they have lived in a substantially different economic, social, 

and technologically advanced world than older cohorts (Coughlin, 2009; B. W. H. Frey, 2011). 

Many have stated that the baby boomers’ later years will not be their “parents old age.” Baby 

boomers have extremely high expectations for their old age, seeing themselves as productive and 

active well after retirement (Coughlin, 2009; Siren & Haustein, 2013). One survey found that 
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after retirement, 80% of boomers plan to continue volunteer activities, while at least 60% believe 

that they will be engaged in volunteer work (Coughlin, 2009; Kwon et al., 2015; Siren & 

Haustein, 2013). Baby boomers see themselves as thriving in old age, where 80% of respondents 

answered that they did not see “serious limits on their activity until after age 70”, and almost half 

reported that they see themselves as active and strong over age 80 (Coughlin, 2009; Kwon et al., 

2015). One cannot blame baby boomers for their high expectations of older age since this 

generation has been the first to benefit from some of the most important and technological 

advances of our time. These innovations have not only increased longevity of life but also the 

level of activity that is possible in the senior years (Coughlin, 2009).  

In 2011 the baby boomer cohort began to reach the age of 65, and the aging of America’s 

largest cohort will continue to the year 2030 where it is estimated they will make up over 25% of 

the population (Rosenbloom, 2003). The aging of the baby boomers is expected to cause major 

changes to the transportation system. What these changes might be is still unknown and difficult 

to predict since there is limited evidence on the activity and travel patterns of baby boomers 

living in the United States (Coughlin, 2009). Scholars have long been interested in the travel 

behavior of older adults (Winters et al., 2014). Studies using the National Household Travel 

Survey have found that adults over age 65 make fewer trips, travel shorter distances, and are 

generally more immobile than their younger counterparts (DeGood et al., 2011).  

Fewer studies have examined the role of transportation in the lives of baby boomers. 

Baby boomers have lived through a socially, culturally, and technologically different world than 

generations that came before them. As such, those interested in this age group have noted that 

their behavior cannot be predicted based on how peopled have behaved in the past (Coughlin, 

2009).  One study examines whether urban living influences baby boomers’ travel behavior in 

the Boston Metropolitan area (Seung, Zegras, Ben-joseph, & Park, 2014). Results indicated that 

urban baby boomers were less automobile dependent than suburban baby boomers. The authors 

admit that these differences could be the result of residing in an urban setting and not necessarily 

reflective of the actual travel preferences of baby boomers. Another examination carried out a 

longitudinal survey in Quebec City, Canada examining the way baby boomers see the spatial-

temporal organization of their activities and travel (Miranda-Moreno & Lee-Gosselin, 2008). 

The authors found that the baby boomers were the only age cohort to increase their total out of 

home activity participation over the course of the survey. Additionally, boomers appeared to 
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resemble older adults in their propensity for social activities and leisure, but had a much higher 

propensity for shopping. A study conducted in Denmark explored baby boomers’ mobility 

patterns and preferences based on a survey conducted through telephone, using responses to 

answer questions on the implications for future transport (B. W. H. Frey, 2011; Siren & 

Haustein, 2013). The authors found that the baby boomer cohort are likely to be strong 

consumers of the transport system as they age, but indicate that the group is also heterogeneous. 

The authors warn that overly optimistic scenarios of baby boomer auto independence well into 

old age and the need for minimal external support may be unrealistic. Unfortunately, these 

studies do not examine the geographic mobility specific to the baby boomer cohort, instead 

relying on qualitative survey data and interview responses. Few studies have examined the 

automobility of baby boomers and how spatial and temporal constraints shape their travel 

behavior and activity spaces. Additionally, even fewer studies have examined the baby boomer 

age cohort’s accessibility to goods and services or examined the kinds of opportunities they are 

exposed to through travel. In the subsequent section, a broad summary of accessibility measures 

will be evaluated. 

2.2 Summary of Accessibility Measurements 

Accessibility has been a useful term for many researchers who wish to measure the ease 

with which people can reach goods and services. In regards to the transport and geographic 

elements of access, the literature primarily addresses the dimension of accessibility from an 

objective and quantitative-based approach (Bhat et al., 2000; S. R. Jones, 1981; Páez, Scott, & 

Morency, 2012). Essentially, much of the research revolving around access is only concerned 

with the location of origins and destinations and the ease with which they can be reached using 

the transportation system (S. L. Handy & Clifton, 2001). Traditional measures of accessibility 

usually focus on the distance to and the number of opportunities that can be reached. Generally, 

much of the accessibility literature agrees on a common definition of accessibility, but there are a 

variety of ways and methodologies proposed on how accessibility should be measured. 

Depending on the discipline or research application, there have been a number of ways that 

accessibility can be measured. From the foundational basis, measures of access have been based 

on the costs involved in traveling to and from activities and the attractiveness of specific 
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activities (Hansen, 1959b). The next section will focus briefly on some of the more popular and 

commonly used measures of accessibility.  

2.2.1 General Accessibility Measurements 

Place-based measures typically measure accessibility using locations or places as proxies 

for an individual’s starting and ending movements (Miller, 2007; O’Kelly & Horner, 2003). 

These measures usually employ aggregate datasets, with census tracts or Traffic Analysis Zones 

(TAZ) as the unit of measurement, essentially generalizing a particular population’s travel 

behavior locations (O’Kelly & Horner, 2003). Place-based methods are often used by researchers 

because data is relatively easy to collect and results are generally interpretable (Hansen, 1959b; 

M. Horner & Mefford, 2005).  A disadvantage of this set of method is that it assumes that all 

people at a given location can make the same choices about how to reach opportunities (e.g. 

taking same travel route such as shortest path) and have the same ability to visit those 

opportunities (e.g. personal time availability). This could be problematic, because in reality, 

individuals make different choices about how they travel depending on the mode of available 

transportation, time of day, and other personal constraints.  

The earliest place-based approaches stem from the gravity model as it was adapted from 

physics (Taaffe, et al., 1996).  These approaches reward greater concentrations of activities at 

locations and penalize locations that are more difficult to reach spatially (Erlander & Stewart, 

1990; H. L. Handy & Niemeier, 1997; S. L. Handy & Clifton, 2001; Hansen, 1959b).  Although 

frequently applied in network settings, gravity-based measures can be considered a continuous 

measure because they discount opportunities with increasing time or distance from the origin out 

to infinity (Bhat et al., 2000). The following represents a standard gravity measure based on the 

Hansen framework as derived from his original equation (H. L. Handy & Niemeier, 1997; 

Hansen, 1959b): 

 

𝐴! =
!!

!(!!")
!              (2.1) 

where 𝐴!  is the accessibility at origin i, 

 𝑂! are the opportunities at point j, 

 𝑓(𝐶!") is an impedance function as applied to the travel cost C from i to j. 
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The two most important components of this model are the attraction (Oj) and cost (time 

or distance) factors, where the travel time or distance between geographic units in a given study 

area along with the size and position of attractions are used to compute the accessibility values 

(Morrill & Symons, 1977). 

Cumulative opportunities measures are among the least complicated accessibility metrics, 

and essentially measure the number of opportunities that can be reached within a given distance 

or travel time threshold from a particular origin (Guy, 1983; Song, 1996). Primarily, this class of 

measures serves to assess the number of activity choices available to the study population within 

a specific travel impedance from the specified origin (Apparicio et al., 2007; Horner & Mefford, 

2005; O’Kelly & Horner, 2003; Páez et al., 2012).  This metric requires data on the time or 

distance it takes to travel from origins to potential destinations and spatially disaggregate counts 

of the number of opportunities within the study region. The formula is depicted below as: 

 

𝐴!
!
= 𝑂!!∈!!

           (2.2) 

where: 

𝑁! = 𝑗 𝐶!" ≤  𝑆!  

S is a predefined travel time or distance. 

 

Typically, several different cost increments are used to compare the number of 

opportunities that can be reached across different thresholds (Bhat et al., 2000). Gravity-based 

measures have been utilized to explore a range of different activities. These include access to 

food stores (Apparicio et al., 2007), access to primary care (Guagliardo, 2004), access to public 

playgrounds (Talen & Anselin, 1998), and access to jobs (Wang, 2012).   

While these measures of accessibility are helpful in understanding the amount of 

opportunities available to people within a given area, these metrics tend to aggregate access at a 

location-based level, ignoring the paths individuals actually take (M. Kwan & Weber, 2003; 

Papinski, Scott, & Doherty, 2009). As such there has been a call for more individual accessibility 

measures, which are powerful tools from which to assess the ability for people to reach different 

activities and destinations in any given environment (Choi & Suzuki, 2013; Tijs Neutens et al., 

2014). Specifically, these methods have been utilized to capture an array of patterns and 

responses to different travel scenarios, especially when it comes to the habits and choices of 
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disadvantaged populations (X. Chen & Clark, 2015; Patterson & Farber, 2015). By examining 

individual travel patterns related to these population groups, researchers and policy makers are 

able to hone in on the everyday issues that may be encountered when attempting to reach certain 

opportunities. Social and spatial patterns within an urban setting have been studied frequently 

beyond place-based measures. Analyzing accessibility at the individual level usually 

incorporates the spatial and temporal constraints of travel and their impact on different modes. 

Many applications of this method have been used to measure accessibility to opportunities such 

as jobs (Handy & Niemeier, 1997) and food opportunities (Páez et al., 2012). This dissertation is 

ultimately focused on individual accessibility-based measurements relating to activity spaces, so 

while there is a breadth of literature discussing place-based accessibility metrics, in the interests 

of space and focus, attention will be turned to individual accessibility frameworks in the 

literature.  

2.2.2 Time Geography 

Here an overview is given of the foundations and history of time geography and its 

inception into methodological frameworks of accessibility focusing on time and space. Time 

geography was originally developed by Hagerstrand in the 1970’s as a way to empirically 

observe individual movements in time and space (Hagerstrand, 1975).  Before this time, there 

were no models that took into account the temporal and spatial restraints at an individual level. 

Originally, Hagerstrand was responding to geography’s focus on regional studies and arguing for 

a less aggregated view of human activities (H. Miller, 2005). At this time, geographers saw 

temporal characteristics as more of an afterthought instead of an essential factor in spatial 

studies. Human choices were treated as being made in the context of distance alone, and were 

often observed at an aggregate scale, where individuals were grouped into larger population 

groups (H. Miller, 2007). Hagerstrand was one of the first researchers to challenge these 

aggregate studies claiming that it ignored real, individual choices and movement patterns. 

Ultimately, his concept of time geography seeks to disaggregate human spatial behaviors. 

At its foundation, time geography is a method for observing the space-time constraints of human 

mobile trajectories (Hagerstrand, 1975). Essentially, everyone is confined in time and space 

within limits, which is best illustrated by the formulation of Hagerstrand’s most noteworthy 

concept, the space-time path. This space-time path represents the choreography of an 
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individual’s movements over an extended period of time. According to Hagerstrand, an 

individual’s lived experience is defined by three types of constraints that are encountered in 

everyday life (Tijs Neutens, Schwanen, & Witlox, 2011).  

The first constraints are known as capability constraints and these are the limitations on 

activity based on physical and biological human needs (H. Miller, 2005). Examples of this are 

the fact that an individual cannot be in two places at once, or an individual’s biological processes 

such as the need for sleep or meals limits the amount of activity they participate in each day. The 

second constraints are coupling constraints, which refers to the need to be in a specific place for 

a set amount of time, oftentimes with another person (H. Miller, 2005). Examples of this include 

going to work for the day, meeting with a friend, or taking a trip to go shopping. The third 

constraint is the authority constraint, which represents an area that is controlled by institutions 

that define limits on its access to particular people (H. Miller, 2005). For example, an elementary 

school is only open to those who attend or work there for specific time periods throughout the 

week.  

Extending upon the space-time path, is the space-time prism which represents all the 

possible locations an individual could visit given their origin and destination points and the 

amount of time they have available to them in between both points (H.-M. Kim & Kwan, 2003; 

T. Neutens, Witlox, Van De Weghe, & De Maeyer, 2007). These space-time prisms represent all 

of the potential places we could visit within given time and spatial constraints. Initially, 

Hagerstrand’s time geography was based on human migration patterns, but gained popularity 

amongst those interested in transportation studies (H. J. Miller & Wu, 2000). Specifically, 

accessibility analyses incorporated many of Hagerstrand’s concepts into individual-based 

accessibility measures (Burns, 1979).  Burns incorporated temporal components into 

accessibility analyses comparing different modes of travel for commuters, where space-time 

prisms are used to illustrate time-savings for commuters across different commuting schedules.  

2.2.3 Individual Accessibility Measures 

As stated previously, measures of accessibility are used to determine whether individuals 

have sufficient access to a distribution of opportunities via the existing transportation 

infrastructure (Bhat et al., 2000; M. Kwan & Weber, 2003; Paez et al., 2010). Place-based 

measures have typically been used in order to assess the accessibility scores of a particular 
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population based on aggregate zonal or point data. Essentially, in place-based measures, the 

shortest path distance is usually taken from the centroid of a given geographic unit (census block, 

census tract, etc.) to a given destination (Hansen, 1959a). These measures have often been 

criticized for not taking into account the paths an individual actually takes given certain time 

constraints (M. Kwan, 1998). Place-based measures assume that each person at a given zone has 

the same accessibility as all the other individuals within that zone, resulting in an ecological 

fallacy (Tijs Neutens et al., 2011). As a result, a methodology constructed around the idea of 

people-based measures has been attempted in order to correct the limitations of place-based 

measures. Frequently, Hagerstrand’s concept of the space-time prism is applied to individual 

measures of accessibility (Tijs Neutens et al., 2011). 

Harvey Miller (1999) was the first researcher to incorporate Hagerstrand’s concept of 

time geography into a Geographic Information Systems (GIS) environment applied to 

transportation systems. Instead of looking at the potential path areas with the space-time prism as 

a plane, Miller proposed that this concept was similar to potential paths along a transportation 

network and could be used to determine accessible locations along a network (Miller, 1999). 

Initially, problems encountered with the utility of individual-based accessibility measures 

included the acquisition of individual level data and the computational difficulties encountered 

when analyzing large datasets (M. Kwan, 1998). Some network computational limitations have 

been addressed by researchers who have developed their own algorithms to compute potential 

paths on a network taking into account specific street characteristics (H.-M. Kim & Kwan, 2003; 

M. Kwan, 1999; T. Neutens et al., 2007).   

These analyses are interested in assessing the actual potential paths an individual may 

traverse given their time budget. Other analyses have sought to determine the number of 

opportunities available to individuals, not only within their travel time budget, but also within the 

scheduling constraints. For example, one study takes into account the timing preferences and 

schedule flexibility of individuals over an extended period of time in order to assess the number 

of opportunities available to individuals at specific times of day over a one week period (Tijs 

Neutens, Delafontaine, Scott, & De Maeyer, 2012). 

Time geography has also facilitated powerful visualizations of the movement of 

individuals over time. Beginning with Hagerstrand’s first diagram of the three dimensional 

“aquarium” meant to represent the constraints of space-time imposed on an individual’s 
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movements, over the years methods of visualization have become more advanced and 

innovative. These visualizations have the ability to illustrate individual accessibility measures 

quickly and efficiently to a general audience (Tijs Neutens et al., 2011). An example of dynamic 

accessibility mapping is depicted in one analysis where accessibility to different opportunities 

was measured and mapped based on peak and off-peak hours in Wuhan City, China (Li, Zhang, 

Wang, & Zeng, 2011).  

Since time-space modeling focuses on individuals, there are many specific advantages to 

using these methods as compared to place-based measures. For example, as previously 

mentioned, place-based measures tend to aggregate accessibility at the household or geographic 

unit level, while time-space measures look at one specific individual (Bhat et al., 2000). This 

allows a more accurate measurement of the accessibility of individuals at the finest level. 

The past few years have seen increased advances in geospatial methodologies, which 

allow better analysis of space-time data when applied to discovering patterns of individual 

mobility (M.-P. Kwan & Kotsev, 2014; M.-P. Kwan & Neutens, 2014). There is now more 

readily accessible data for use in GIS than ever before for use in understanding movement in an 

urban context, and various analytical perspectives have flourished in the realm of accessibility 

due to these technological advances (Charleux, 2014). Recently, there have been a multitude of 

studies that have begun to incorporate time into studies of accessibility and travel behavior (J. 

Chen et al., 2011; M. W. Horner, Zook, & Downs, 2012; H.-M. Kim & Kwan, 2003; H. J. 

Miller, 1999; M. J. Widener, Farber, Neutens, & Horner, 2013; M. J. Widener & Shannon, 

2014). For example, Neutens, et. al. (2014) conducted a comparative analysis among subgroups 

of the population identifying spatial and temporal fluctuations in individual accessibility using 

activity travel diaries (Tijs Neutens et al., 2014). Additionally, Chen, et. al. (2013) analyzed food 

deserts using a three-dimensional geovisualization of space-time access (X. Chen & Clark, 

2013). 

Furthermore, accessibility measures incorporating not only space and time, but individual 

movements, have been on the rise due to the availability of more individualized travel data, such 

as GPS data and travel diaries (Greenberg Raanan & Shoval, 2014; Shoval, Kwan, Reinau, & 

Harder, 2014). As such, there has been a shift from accessibility analyses that focus on place-

based methods, where typically the shortest path distance from the centroid of an aggregate unit 

of population is measured to the desired destination (M. Horner & Mefford, 2005; H. Miller, 
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2007). Place-based measures are readily quantifiable, summarized, and easily mapped (Wood & 

Horner, 2015). Still, many have argued that individuals are exposed to a variety of opportunities 

and locations along their daily activity paths, and home-based analyses may be too aggregated by 

not capturing an individual or population’s true neighborhood environment (M. Jones & Pebley, 

2014; Patterson & Farber, 2015; Silm & Ahas, 2014). As such, more research is focusing on 

activity spaces or spaces defined by locations that individuals visit regularly (M. Jones & Pebley, 

2014).  

Activity spaces are a useful concept when attempting to understand the environment that 

individuals experience through travel. While the places where people live matter, the places that 

individuals may visit every day on their trips to and from typical destinations shape the person’s 

travel environment. Additionally, potential path areas, which refer to the spatial extent of where 

individuals can travel given time and other constraints, have also been applied to examine travel 

environments. Figure 2.1 below represents an illustration of a potential path area where an 

individual travels from home to work to a doctor’s office. The blue coloring represents the 

potential path area, or the spatial extent the individual could have traveled given their temporal 

and spatial constraints. 

Many studies have used these concepts in order to understand and explain travel behavior 

through geographic mobility (M. W. Horner & Wood, 2014; Tijs Neutens et al., 2014; Song & 

Miller, 2014; M. Widener, Farber, Neutens, & Horner, 2014). For example, Neutens, et. al. 

(2014) conducted an exploratory analysis identifying spatial and temporal fluctuations in 

individual accessibility using activity travel diaries (Tijs Neutens et al., 2014). Additionally, 

Chen, et. al. (2013) analyzed food deserts using a three-dimensional geo-visualization of space-

time accessibility (X. Chen & Clark, 2013). This dissertation argues that the activity space and 

potential path area constructs may be used to analyze the individual travel behavior of different 

age cohorts, thereby helping to identify potential transportation issues that could lead to 

disparities or exclusion, and that this can be done using traditional travel survey-type data when 

only the origin and destination locations are known. Going forward, this dissertation will adopt a 

computational framework that allows us to account for people’s activity spaces, potential path 

areas, and other dynamics in estimating their individual automobility. This approach is known as 

TGDE. 
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2.2.4 Time Geographic Density Estimation (TGDE) 

Time Geographic Density Estimation (TGDE) was developed by blending kernel density 

estimation and time geography in order to delineate a mobile object’s possible locations in 

continuous space when complete locations are not fully known (Downs, 2010). For example, 

given two known location points of a mobile object and a time budget, TGDE can be used to 

calculate the relative likelihood that an object was present at any location within the given space-

time constraints. Downs and Horner (2012) extended this work in order to create a network-

based TGDE metric, which is used to estimate probabilistic potential path trees, or the most 

likely path(s) an object such as a vehicle is likely to take. Essentially, network-based TGDE 

shows the locations a moving object was more likely to have passed through between known 

origin and destination points. 

2.2.4.1 TGDE Framework. The formulation for network-based TGDE is depicted below 

and follows the notation of Downs and Horner (Downs & Horner, 2012): 

 

𝑓! 𝑥 = (𝑁 − 1)!! 𝑃𝑃𝑇
∗

!! !,! ! !! !,!

! !,! !!! !,!
𝑠!"
!!!!!

!!!            (2.3) 

 

Here 𝑓!(𝑥) represents the time-geographic density estimation for any GPS point location, x, on a 

network. N is designated as the number of control points within a specified dataset, while (i, j) 

are the consecutive points denoted in the same dataset. 𝑃𝑃𝑇! is the distance weighting function 

for the potential path tree for each set of control points. The time variables are represented as t 

(,), which is the time spent between two control points, and 𝑡!(,) is the time spent for an 

immobile activity between two location points. Lastly, 𝑡! (,) is the minimum travel time between 

two point locations on a network. This appointed minimum travel time is estimated based on the 

maximum speed a vehicle or object may travel along the shortest path p. Essentially, the travel 

budget between two control points is computed by dividing the shortest path travel time between 

control point i and any location x on a network to control point j by the recorded travel time 

between control points i and j. TGDE values are then only assigned to locations that fall within 

an object’s overall potential path tree. In this case, linear decay is used as the weighting function 
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since it is assumed that the TGDE values will decrease over space as an object’s potential path 

locations (x) get further from the original control points.  

Finally, 𝑠 𝑖, 𝑗  is incorporated into the equation as a dimension of 𝑃𝑃𝑇∗ for each pair of 

control points (M. W. Horner et al., 2012). This parameter is used as a way to account for 

complexity that may exist in a given network. Basically, potential path trees for different pairs of 

control points may vary in the number of possible routes between i and j. As such, because 

intensity values are summed for each pair of control points, computed intensities would be 

higher for (i,j) pairs with multiple possible paths compared to (i,j) pairs with fewer or a single 

possible path. Essentially, the dimension of an (i,j) pair is defined as the total number of possible 

shortest paths or all of the possible paths that can be reached from i  to x to j within the given 

time budget between a set of control points (M. W. Horner & Downs, 2014). The TGDE network 

intensity values are divided by this number s (i,j) in order to account for these differences in 

complexity across the network, so that they may be adjusted to properly reflect in network space.  

The network-based TGDE framework has been proven as a useful tool from which to 

explore travel behavior and patterns along a road network (Horner and Downs 2014; Horner et 

al. 2012). For example, traditionally, travel surveys only contain the home and destination 

locations of respondents. Typically, the actual travel paths of survey respondents are unknown. 

To remedy this gap, Horner et. al. (M. W. Horner et al., 2012) use network TGDE in order to 

estimate potential paths when the origin, destination, and travel time are known. In this way, 

TGDE allows us to identify all of the possible routes a traveler could have passed given their 

spatial and temporal constraints. Another application of network TGDE involves an accessibility 

metric, which combines both individual and aggregate modeling perspectives (M. W. Horner & 

Downs, 2014). These methods could be applied to explore accessibility differences across 

individuals using existing travel diaries. Specifically, travel diaries that contain demographic and 

social characteristics could be used to quantify and assess possible disparities. For this 

dissertation, TGDE accessibility metrics will be extended in order to determine whether pre-

aging and aging adults have any patterns or clusters of inequity to opportunities via the 

transportation system.   



 26 

 

Figure 2.1 Potential Path Area 
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CHAPTER THREE   

DATA 

This chapter gives an overview and description of all data sources and their role in 

geographic analyses. Travel surveys, census data, and proprietary road networks and activity 

location data were used for geographic analyses and are discussed below. Additionally, 

socioeconomic and demographic characteristics of the study area are also presented. 

3.1 The National Household Travel Survey 

This section focuses on the National Household Travel survey, which is considered the 

most comprehensive travel survey in the United States. The background and sampling design of 

the national survey is summarized here, with details on the Florida add-on survey subsequently 

examined. Lastly, a description of the data files and the information contained therein is outlined 

with details on how the travel data is structured and organized.  

The National Household Travel Survey (NHTS) is conducted by the Federal Highway 

Administration (FHWA) in order to quantify the travel behavior of Americans. The NHTS is 

primarily used as a tool to support and implement the urban transportation planning process. 

Essentially, the NHTS provides data to supplement transportation planning applications 

including personal travel behavior and travel trends over time. Those interested in transportation-

related questions are able to use this data to examine travel behavior at the individual and 

household level, characteristics of travel (for example, trip chaining, mode share, travel 

purposes, etc.), relationship between socio-demographics and travel, and the public’s perceptions 

of the transportation system.  

3.1.1 National Household Travel Survey Sample 

The 2009 NHTS sampled a total of 150,147 households in the United States, including 

15,88414,000 households in the state of Florida. Data was collected from each sample household 

on all the travel conducted in a 24-hour period, or the designated travel day for a specific 

household. Individuals 5 years of age and older traveling for all purposes by all means of 

transportation were included. Households chosen for the sample are represented by all areas of 
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the U.S., including both urban and rural areas. The designated travel day varies for different 

sampled households between April 2008 and April 2009. Details about the trip data were 

collected via telephone interviews according to pre-mailed travel diaries.  

Eligible households for the survey were chosen through a random sample of land line 

telephone numbers, which were screened to determine if they were residential. A recruitment 

interview was conducted for each residential telephone number where each household was 

assigned a date to collect travel data. An eligible household excluded people who live in motels, 

hotels, group quarters, such as nursing homes, prisons, etc. Dorm rooms, fraternity and sorority 

houses were included if the residence had less than 11 household members. Household members 

included people who think of the sampled household as their primary place of residence. Travel 

days were assigned for every day of the week including holidays between the months of March 

2008 to May 2009. The time period for daily trips recorded began at 4:00 AM on the assigned 

travel day and ended at 3:59 AM the next day. All details were documented in travel diaries for 

all trips taken by each household member on their assigned travel day. Some of the reported 

items that were included in the travel diary were distance traveled, trip mode, trip purpose, 

number of people on the trip, etc. A follow up telephone interview was conducted for each 

household after their travel day had passed in order to collect the travel diary data. 

3.1.2 Florida Add-On Program  

The NHTS conducts a national survey, but also allows states and Metropolitan Planning 

Organizations (MPOs) to purchase NHTS add- on samples in order to create a household travel 

survey dataset specifically for their area. The state of Florida chose to purchase the add-on 

sample that included an additional 14,000 Florida households. The motivation to participate in 

the add-on program is to achieve a statistically valid sample, which would allow a greater level 

of confidence in calculations of Florida travel behavior and patterns. Florida DOT in conjunction 

with FHWA developed a sampling plan which divided Florida into seven regions, where the 

sample size for each region would be a percentage of the total region households share times 

14,000 (12,000 for urban areas and 2,000 for rural areas).  This sample stratification ensured that 

each region had a minimum sample size of 1,200 and the regions generally conformed to existing 

Florida DOT districts. The Florida 2009 NHTS includes 15,884 Florida households, 30,982 

people, and 114,910 trips. 
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3.1.3 Data Files  

A plethora of data was collected for the Florida survey, including demographics for each 

individual in the household, trip attributes (mode, trip distance, time, trip purpose, etc.) and 

household characteristics (household size, vehicle type). All the data collected are stored in four 

different files: Travel day, Household, Person, and Vehicle.  Additionally, all trip data was 

geocoded from the origin or home location to the trip end.  

Data files are delivered electronically in four formats: Household file, Person, Vehicle, 

and Travel Day. In each file there is a record at the level of the file. For example, the household 

file is organized by household, so there will be one record for each household. Household data 

files include data unique to a household or questions asked once for each sample household. 

There is one record per household within this dataset. The Persons data file comprises data 

determined once for each completed person interview. Travel day trips data files has data about 

each trip the person made on the household’s randomly assigned travel day. Included in this data 

file is one record per travel day per trip. Finally, the Vehicle data file contains data relating to 

each of the household’s vehicles.   

Enhanced weights are included with the data and are based on population estimates from 

the 2008 American Community Survey. In order to weight a variable, all the user must do is 

simply multiply the record by its weight. The weights raise the samples to the correct number of 

households, persons, vehicles, and trips in order to represent total population. The weights also 

include a correction for the probability of selection based on various sample plans in addition to 

non-response adjustment. In order to obtain accurate estimates, the weights must be applied to 

the variables.  

All records within the data files have been sorted using a Household ID number, which is 

represented by a randomly generated 8-digit serial number for the sampled household. Each 

person within the household also has a trip number and each trip for each person in the 

household, which is assigned a trip number. Table 3.1 is depicted below and contains some 

selected attributes and variables from the trip data file that are of specific interest in determining 

trip characteristics.  Trip length, trip purpose, and characteristics on the driver and other travelers 

are included in each trip record, which provides a wealth of information on travel behavior of 

individuals. 
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Even though the goal of the NHTS was to obtain a statistically valid sample, it does not 

completely represent the entire population. This is due to under-sampling and lower response 

rates from particular groups and non-responses from some household members. As such, this 

must be kept in mind when interpreting data from the NHTS. Weights have been calculated for 

the household, person, and daily trip files in order to make NHTS data applicable to the entire 

population.  

3.2 NHTS Data for Orlando MSA 

As stated in the introduction, the Orlando Metropolitan Statistical Area (MSA) is chosen 

as a study area because it represents an area where many residents reside in suburban areas and 

are automobile-dependent. Additionally, there are many age-restricted communities within the 

greater Orlando Area. Since this dissertation is examining the travel behavior of populations 

within the boundaries of the Orlando MSA, only trips that begin and end within these boundaries 

are included in the dissertation. Additionally, only respondents whose home location is within 

the Orlando MSA boundaries are included. What this means is that if a respondent does not live 

within the Orlando MSA or if a respondent did not begin and end their trip within the Orlando 

MSA, they were not included in the analysis. This resulted in the extraction of 1, 252 

households, 1, 759 people, and 7,693 trips for the Orlando MSA. It should be noted that this data 

has access restrictions due to the nature of the individual responses. As such, the reproducibility 

of this work is contingent on being awarded approval to use this dataset.  

This dissertation is specifically interested in how individual travel patterns differ across 

age groups. The NHTS dataset provides ages of all respondents, and in order to compare travel 

behavior differences more efficiently, respondents were separated into three groups: 18-49, 50-

64, and 65 and older. For each respondent, every time a trip is recorded their origin and 

destination locations are also recorded geographically as latitude and longitude. The time and 

distance it took to travel from the origin to destination is also included for each trip.  

3.3 Census Data 

Census data was used in this dissertation in order to understand the demographic 

characteristics of the study area at a broader geographic level. Data was extracted from the 
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National Historical Geographic Information System (NHGIS), which provides aggregate census 

data and GIS-compatible boundary files for the United States. Specifically, census tract data 

from the 2006-2010 American Community 5-year Survey was used to examine specific attributes 

deemed relevant to older adults, such as, age, vehicle ownership, income, and race. These 

attributes were examined for different spatial extents including the entire state of Florida and for 

the Orlando MSA.  

3.4 NAVTEQ and HERE Data 

Data on the Orlando MSA’s street network geography was derived from a commercial 

dataset known as Navteq’s HERE database (2013). This dataset was provided by the Caliper 

corporation in conjuction with the TransCAD 6.0 software. This dataset contains information on 

the estimated time it takes to travel from one node to another within the street network. Travel 

times are based on the speed limits assigned to each road segment within the dataset. These 

travel times are used in this dissertation in order to estimate the time it takes to travel from one 

location to another along the road network. The street network for the Orlando MSA was clipped 

to approximately two miles outside of the county geographic boundaries in order to capture any 

potential paths that may have extended beyond MSA boundaries. 

3.5 Time Geographic Density Estimation and NHTS Data 

The NHTS dataset provides the origin and destination locations of a single trip for every 

traveler who responded to the survey. The actual travel paths are unknown, but the time it took 

the traveler to reach point a to point b is known. Using time geographic density estimation 

(TGDE) this dissertation is able to estimate all of the possible locations a traveler could have 

passed given their temporal and spatial constraints. For this dissertation a total of 6,935 trips 

were extracted from the sample dataset. Each trip begins and ends within the geographic 

boundaries of the Orlando Metropolitan Statistical area. In order to implement TGDE, each 

origin and destination location had to be matched to its nearest network node along the streets 

dataset. After the origins and destinations were connected to their nearest network node along the 

road network, an origin-destination shortest travel path matrix was computed in TransCAD 

recording the travel times to and from all nodes existing in the road network. Using GISDK, 
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Caliper’s development language, equation (3.1) was coded in order to automate calculation of 

the time geographic intensity values for each node. Intensities computed by the TGDE formula 

are all node-based in that each intersection on the network represents a possible location (x) that 

a traveler may have traveled to in between their origin (i) and destination (j) points. Ultimately, 

we created a sequence of TGDE surfaces that depict intensity values for each traveler. Since data 

from the NHTS is meant to be confidential, a hypothetical trip taken by a traveler is depicted in 

Figure 3.1. Here, the red dots represent the origin and destination locations of the traveler, and a 

hypothetical travel time budget of twenty minutes is assumed. After computing the TGDE 

intensities for each node they are easily visualized where darker green nodes represent the places 

the traveler was most likely to have traversed on the trip to their destination. For each trip 

recorded in the NHTS dataset, a TGDE surface such as the one below was computed for this 

dissertation. These “trip surfaces” were then organized into categories by the age of the traveler. 

For adults aged 18 to 49 there were 2,351 trip surfaces, for adults aged 50-64 there were 2,388 

trip surfaces, and for adults 65 and older there were 2,196 trip surfaces. It should be noted that 

this study is limited to automobile trip since TGDE is not appropriate for fixed-route transit trips.  

3.6 Study Area and Description 

For this dissertation the author selected the Orlando Metropolitan Statistical Area (MSA) 

located within the state of Florida as the study area (Figure 3.2). Due to the nature of the 

research questions, which revolve around factors related to accessibility, personal automobile 

travel behavior, and aging populations, a large metropolitan area was selected with large 

sprawling suburban areas. Another factor that had to be considered was data availability at the 

level of analysis that would be detailed enough to allow the author to draw conclusions about 

travel behavior of aging populations within a specific region.  

The Orlando MSA includes four counties: Lake, Orange, Seminole, and Osceola. This 

section will introduce some basic demographics for both the Orlando MSA and Florida using 

2010 American Community Survey (ACS) data. These data will present a general understanding 

of the study area compared to the state of Florida.  
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3.6.1 Demographic, Household, and Socioeconomic Characteristics of Florida and 

Orlando MSA 

Figure 3.3 depicts the Orlando MSA’s age distribution compared to the rest of the state 

of Florida. Overall it appears that Orlando and Florida share a similar distribution across age 

groups, with the State of Florida having a slightly higher proportion of adults 60 and older. Here 

it is more obvious that Orlando has a higher proportion of adults under the age of 49.  

Historically, Florida is known for its retiree population, but many retirees may choose 

other geographic parts for retirement, which could be a reflection of the lower proportion of 

older adults within the Orlando MSA. Income is an important household characteristic when 

discussing travel behavior. Figure 3.4 shows that, overall, Orlando has a slightly greater 

proportion of households earning $70,000 and above compared to the rest of Florida. This could 

be an indicator that more affluent households reside within the Orlando MSA.  For middle 

incomes, Orlando and Florida have an evenly distributed proportion of households earning 

between $25-70k. Income has been known to affect travel behavior and can have a direct impact 

on vehicle availability and where individuals choose to reside.  

Socioeconomic conditions are often highly correlated with racial characteristics, which 

may influence residential location and travel behavior. As seen in Table 3.2, Orlando has a lower 

proportion of adults who identify as white alone compared to the rest of the state. Vehicle 

availability is one of the most important characteristics that influences travel behavior and mode 

choice. Overall, Florida cities are predominantly characterized by their urban and suburban 

sprawl where a personal vehicle is considered a necessity in many areas. Orlando is no 

exception, where public transit is limited to bus service. Table 3.3 reveals that Orlando has a 

lower proportion of households with no vehicle available than the rest of the state. Orlando also 

has a higher number of vehicles available to households. Automobile ownership is high in the 

Orlando area overall, with most households having access to two or more vehicles.  

This chapter provided an overview of datasets used throughout this dissertation. Specific 

datasets have been systematized and managed in order to better answer the questions posed for 

this research. Source information, characteristics, and details of how data was collected and 

organized have been explained sufficiently for use in the following analyses. Additionally, the 

study area, Orlando MSA, was described along with some demographic, social, and household 
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characteristics compared to Florida. This description provides context and background 

information, which will inform the analyses discussed in later chapters.   
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Table 3.1 Selected Attributes and Variables from the Trip Data File 

 

 

Name Type LABEL

HOUSEID Household (HH) eight-digit ID number Text

PERSONID Person ID number Text

TDCASEID Trip number Text

TRPMILES Trip distance in miles Double

HH_RACE Race of HH respondent Text

DRIVER Driver status of Subject Text

R_SEX Respondent gender Text

WORKER Subject worker status Text

DRVRCNT Number of Drivers in HH Double

HHFAMINC Derived total HH income Text

HHSIZE Count or HH members Double

HHVEHCNT Count of HH vehicles Double

HOMEOWN Housing unit owned or rented Text

HOMETYPE Type of housing unit Text

NUMADLT Count of adult Household Members (HHMs) at least 18 years old Double

TRIPPURP TRIPPURP Text

AWAYHOME Travel day reason Subject was away from home Text

DROP_PRK Parked or dropped off at public transit Text

DRVR_FLG Subject was driver on this trip Text

EDUC Highest grade completed Text

ENDAMPM Travel day trip end time AM/PM Text

ENDHOUR Travel day trip end time - hour Double

ENDMINTE Travel day trip end time - minute Double

HOWFRPOS Mode used from public transit to destination - other Text

HOWPUBOS Mode used to get to public tranist - other Text

NUMONTRP Count of total people on trip Double

PUBTYPE Mode of public transit used on trip Text

R_AGE Respondent Age Double

STRTAMPM Travel day trip start time AM/PM Text

STRTHR Travel day trip start time - hour Double

STRTMIN Travel day trip start time - minute Double

TDAYDAT2 Travel day - date Text

TRPACCMP Number of people with you on trip Double

TRPTRANS Transportation mode used on trip Text

TRPTRNOS Transportation mode used on trip - other Text

TRVLCMIN CALCULATED TRAVEL TIME Double

WHYFROM Trip purpose for previous trip Text

WHYTO Travel day purpose of trip Text

TDAYDATE Travel Date YYYYMM Text



 36 

Table 3.2 Race and Ethnicity for Florida and Orlando MSA 

 

Race	 Florida	 Orlando	MSA	

White	alone	 14,115,228.00	 76.25%	 1,485,310.00	 71.28%	

Black	or	African	American	

alone	 2,900,412.00	 15.67%	 325,044.00	 15.60%	

American	Indian	and	Alaska	

Native	alone	 54,570.00	 0.29%	 6,317.00	 0.30%	

Asian	alone	 444,584.00	 2.40%	 80,885.00	 3.88%	

Native	Hawaiian	and	Other	

Pacific	Islander	alone	 10,797.00	 0.06%	 2,313.00	 0.11%	

Some	other	race	alone	 624,129.00	 3.37%	 130,572.00	 6.27%	

Two	or	more	races	 361,900.00	 1.95%	 53,185.00	 2.55%	

Two	or	more	races:	Two	races	

including	Some	other	race	 87,439.00	 0.47%	 15,163.00	 0.73%	

Two	or	more	races:	Two	races	

excluding	Some	other	race,	

and	three	or	more	races	 274,461.00	 1.48%	 38,022.00	 1.82%	

Total	 18,511,620.00	

	

2,083,626.00	

	 

 

Table 3.3 Vehicle Ownership for Florida and Orlando MSA 

 

Vehicle	Ownership	 Florida	 Orlando	

No	vehicle	available	 462,112.00	 6.46%	 39,358.00	 5.12%	

1	vehicle	available	 2,882,403.00	 40.30%	 287,616.00	 37.41%	

2	vehicles	available	 2,762,596.00	 38.62%	 317,944.00	 41.36%	

3	vehicles	available	 788,493.00	 11.02%	 92,393.00	 12.02%	

4	vehicles	available	 200,117.00	 2.80%	 24,897.00	 3.24%	

5	or	more	vehicles	available	 57,123.00	 0.80%	 6,546.00	 0.85%	
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Figure 3.1 Example of one trip taken by a Hypothetical Traveler 
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Figure 3.2 Map of Study Area 
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Figure 3.3 Age Distribution across Age Cohorts of Florida and Orlando MSA 
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Figure 3.4 Household Income for Florida and Orlando MSA 
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CHAPTER FOUR  

ACTIVITY SPACES AND AGING POPULATIONS: ARE THERE 

DIFFERENCES IN AUTOMOBILITY ACROSS AGE COHORTS? 

 

This chapter is based on a paper entitled ‘The Activity Spaces of Baby Boomers: How 

does geographic automobility compare across age cohorts?’ which has been submitted for 

publication in Transportation Research Part A. This chapter presents an analysis exploring older 

people’s activity spaces across age cohorts in order to identify differences in mobility based on 

travel patterns. There is a clear need to understand the mobility patterns of pre-retirement and 

aging adults in order to prepare for the demographic shift approaching the United States. Time 

Geographic Density Estimation (TGDE) is used to create activity spaces for sampled travelers 

and grouped by ages. Activity spaces for age cohorts are then examined in order to identify 

spatial differences in travel patterns. Results show that different age groups have different travel 

patterns based on the activity spaces generated using TGDE, where older adults express less 

geographic mobility than their younger counterparts. These findings may inform policies that 

support providing key services in neighborhoods or areas where older adults are more likely to 

reside. 

4.1 Introduction 

Older adults have a myriad of needs to be acknowledged and met in order to prepare for 

the historic generation changes coming ahead. From a transportation perspective, aging adults 

are increasingly at risk to suffer from social exclusion due to influences related to lower 

household incomes after retirement, physical disabilities, and social isolation (Metz, 2000). 

Social exclusion has been a useful concept to describe the phenomenon where particular groups 

or individuals may have more difficulties than others in accessing economic and social 

opportunities (Choi & Suzuki, 2013). Driving cessation, for example, is an unavoidable 

condition that may leave some older adults with the inability to access shopping, health services, 

and social events (O’Neill, 2010). These individuals ultimately suffer a loss of mobility, which is 

the ability of an individual to gain access through movement to the facilities they desire to reach. 
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Ensuring the mobility needs of these adults is paramount in making sure that aging populations 

are able to lead productive and independent lives. Essentially, mobility determines whether older 

adults will be able to access the people, places, and activities necessary for life maintenance, life 

satisfaction, and personal well-being.  

The mobility characteristics of older adults are still not well understood.  Going forward, 

planning for the transportation needs of older adults should focus on evaluating and promoting 

mobility within these populations. Specifically, automobility is essential in western society, 

where many adults reside in suburban neighborhoods and are dependent on personal automobiles 

to remain engaged (Rosenbloom, 2003).  

Many have argued that the ‘activity space’, or the geographies defined by locations that 

people visit regularly, is a useful construct in evaluating the full environment of what individuals 

are exposed to in their daily movements (Ahmed & Miller, 2007; Hirsch, Winters, Clarke, & 

Mckay, 2014; Patterson & Farber, 2015; Schönfelder & Axhausen, 2003). Activity spaces are 

conceptualized and implemented a number of ways in practice, such as defining a polygon 

boundary around an individual’s actual or estimated travel path. They have also been conceived 

of as potential path trees or areas, which refer to the extent individuals can travel given their time 

and spatial constraints. Patterson and Farber (2015) note some of the applications of activity 

spaces and potential path areas typically include understanding travel behavior, calculating 

accessibility, and identifying segregation and exclusion. The activity space and potential path 

area constructs could be useful viewpoints from which to analyze the individual travel behavior 

of aging adults in order to help identify potential transport mobility issues that could lead to 

disparities, exclusion, or inaccessibility among these populations.  

This chapter proposes an approach based on Time Geographic Density Estimation 

(TGDE) to identify activity spaces across different age cohorts in order to identify differences in 

the mobility and travel behavior of aging adults. As previously stated in chapter two, TGDE is an 

established technique in the literature, which blends the notion of activity spaces with the 

computation of probabilistic potential path trees along a transportation system. In this way it 

establishes an ‘extent’ or overall mapping of the activity space of an individual, but is able to 

further refine that extent to identify the most likely places they are able to visit within that 

geography.   



 43 

In terms of data, some studies have used GPS-derived activity spaces in order to examine 

the mobility patterns of older adults (Hirsch et al., 2014). These datasets may have a rich density 

of points, leading to detailed pictures of activity spaces.  Unfortunately, GPS traces for 

individual movements are often difficult to obtain due to cost and privacy concerns.  However, 

TGDE is a method that allows one to compute the potential paths between known origins and 

destinations, so even if the actual travel path is not known activity spaces can still be estimated 

given information on people’s time and spatial constraints (M. W. Horner et al., 2012). In this 

way, TGDE is compatible with the types of data captured in traditional travel surveys.  To this 

end, this analysis constructs activity spaces in this chapter using data taken from the 2009 

National Household Travel Survey Florida Add-on. This dataset contains the geographic 

locations of people’s travel origins and destinations as well as their travel time between points. 

The survey population is disaggregated into a series of age cohorts and looks at the differences in 

their activity spaces with an emphasis on examining the mobility differentials of older adults. As 

stated earlier, analysis is conducted in the Orlando Metro area in central Florida, which contains 

a large aging population and a substantial number of retirement communities. 

This research explores the activity spaces and mobility patterns of adults across age 

cohorts in order to examine differences in travel patterns. There is a clear need to understand the 

mobility patterns of pre-retirement and aging adults in order to prepare for the demographic shift 

approaching the United States. It should be acknowledged that pre-retirement travel patterns 

cannot fully inform post retirement travel patterns because work and non-work trips were not 

separately analyzed. Still, transportation is an important consideration in planning for aging 

populations, and analyzing differences in how older adults travel compared to their younger 

counterparts can offer insight into the diverse needs of this group. Results show that different age 

groups have different travel patterns based on the activity spaces generated using TGDE.  

4.2 Background and Concepts 

This section will give an overview of some of the issues related to aging populations and 

mobility along with a number of challenges faced by this group when it comes to their 

transportation needs. Additionally, methods in individual space-time travel behavior will be 

reviewed in order to gain an understanding of how these measures reveal important travel 

disparities across socioeconomic and demographic characteristics. Finally, time geographic 
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density estimation (TGDE) and its extensions are discussed as a measure for identifying activity 

spaces across aging cohorts when using travel diary data.  

4.2.1 Older Populations and Mobility 

As adults age, there are a number of transportation-related challenges that must be met in 

order to prolong their participation in daily activities that require mobility. Research suggests 

that driving cessation could lead to increased isolation and social exclusion for older adults 

(Bailey, 2004). Older adults are increasingly at risk if they live alone and have limited patterns of 

interaction (D. Metz, 2003). Metz (2000) argues that the daily social interaction that comes from 

traveling from place to place helps keep seniors healthy and active participants in society. A loss 

of mobility may also have negative physical impacts where older adults may not engage in as 

many activities outside the home. Being mindful of the relationship between quality of life and 

mobility is essential to understanding how to meet the future needs of older adults as the 

population continues to age. Mobility is an important aspect of older adults’ daily life so they can 

maintain their access to places and activities necessary for life satisfaction and personal well-

being (Alsnih & Hensher, 2003; Farber & Shinkle, 2011; Hakamies-Blomqvist & Wahlstrom, 

1998; Mercado et al., 2010). Travel behavior is an essential component to the discussion of older 

adults and mobility. Studies have found that the aging populations of today are personal 

automobile-dependent and are driving at later ages than past generations (Lynott & Figueiredo, 

2011).  

As previously discussed in chapter two, many of today’s older adults are concentrated in 

suburban neighborhoods and are dependent on personal automobiles. Essentially, the majority of 

older people achieve mobility through the automobile. Additionally, studies have found that 

aging populations’ travel behavior is remarkably different from their younger counterparts, 

where older adults make fewer trips, travel shorter distances, and are more immobile (DeGood et 

al., 2011; Farber & Shinkle, 2011; M. W. Horner et al., 2015; Moniruzzaman et al., 2015; 

Newbold et al., 2005; Rosenbloom, 2003; Winters et al., 2014).  

However, very few studies have looked at the current mobility of aging populations to 

see how they differ from their younger counterparts from a spatially disaggregate perspective. 

Doing so would help us begin to understand if inequities exist and could provide evidence or 

support for possible transportation policy areas on which to focus, as adults transition to 
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retirement age. Empirically, probable travel paths taken by older adults could be analyzed and 

compared in order to discern possible differences across age cohorts. Traditionally, most studies 

have examined the travel behavior of older adults using travel surveys, travel diaries, or census 

data, but thus far, very few have focused on visualizing individual travel behavior factoring in 

temporal or spatial constraints that shape one’s activity space (Hirsch et al., 2014; Winters et al., 

2014).  

4.2.2 Individual Space-Time Measures for Travel Behavior  

Recall that chapter two presented a broad overview of individual space-time measures for 

analyzing travel behavior. As stated previously, activity spaces have been utilized as a 

framework from which to understand the activities individuals are exposed to through their day-

to-day activities (Patterson & Farber, 2015). Many spatial studies have been concerned with 

home locations and identifying neighborhood patterns based on where people live, but equally 

important is where people travel. Essentially, much of the literature using the activity space 

framework acknowledges that an individual’s travel environment shapes their daily lives as 

much as their home location. A similar concept is the potential path area, or the potential paths 

individual’s may travel given time and spatial constraints. Both activity spaces and potential path 

areas have been used in a variety of studies in order to explain or describe travel behavior (M. W. 

Horner et al., 2012; M. Jones & Pebley, 2014; Patterson & Farber, 2015; Schönfelder & 

Axhausen, 2003).  

For example, Schonfelder and Axhausen (2003) test whether the sizes of the observed 

activity spaces can be linked to the socio-demographic characteristics of respondents in their 

study. Their results found that groups most often considered to be at risk for social exclusion 

(female, lower income, elderly) did not show significantly different activity spaces. However, the 

authors admit a limitation of the results of their analysis not being transferable given their study 

area, Halle and Karlsruhe, Germany, which maintains a general public transport system, well-

maintained urban cores, and numerous neighborhood shopping areas. This dissertation is 

specifically interested in automobility of older adults residing in a metropolitan area 

characterized by its vast suburban neighborhoods, urban sprawl, and auto-dependency. Quite 

relevant to this dissertation, a study conducted by Hirsch et. al. (2014) uses GPS-based activity 

spaces to examine the mobility habits of older adults in order to better understand potential ways 
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to maintain older adult independence by identifying factors that affect their spatial mobility 

(Hirsch et al., 2014). Results indicated that participants who were younger, lived in less walkable 

neighborhoods, had access to a vehicle, or had physical support to go outside of their homes had 

larger activity spaces. While this particular analysis sheds light on the mobility patterns of older 

adults, their study focuses more on general mobility (i.e. walking and daily movements), not 

necessarily transport or automobility, which tells us little about potential impacts on the 

transportation system at large.  As stated in chapter two, we argue that potential path areas and 

activity spaces may be utilized to describe the individual travel behavior of different age cohorts. 

Using travel diary data where only the origin and destination locations, as well as the time it took 

to travel from origin to destination, activity spaces may be estimated using the computational 

framework, TGDE.  

4.2.3 Time Geographic Density Estimation (TGDE) 

In chapter two, a definition of Time Geographic Density Estimation (TGDE) and its 

formulation was described in detail. Summarily, TGDE was developed by bringing together 

kernel density estimation and time geography in order to delineate a mobile object’s possible 

locations in continuous space when its complete position locations are not fully known (Downs, 

2010). For example, given two known location points of a mobile object and a time budget, 

TGDE can be used to calculate the relative likelihood that an object was present at any location 

within its space-time constraints – the potential path area. Downs and Horner (2012) extended 

this work in order to create a network-based TGDE metric, which is used to estimate 

probabilistic potential path trees, or the most likely path(s) a mobile object such as a vehicle is 

likely to have taken, given known stops and travel time information. Essentially, network-based 

TGDE shows the locations a moving object was more likely to have passed through between 

known origin and destination points.  

There have been a number of enhancements and applications of the basic TGDE 

framework.  Network-based TGDE has been utilized to explore travel behavior issues including 

identifying unknown travel paths and density-based accessibility issues (Downs & Horner, 2012; 

M. W. Horner & Downs, 2014). Horner et. al. (M. W. Horner et al., 2012) use TGDE to 

reconstruct possible paths from unknown location points found in travel surveys. Essentially, 

TGDE was employed to estimate unknown locations and stops that were missing from 
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hypothetical travel survey data (M. W. Horner et al., 2012). TGDE-based methods can be 

applied to explore mobility patterns across individuals using travel diary data. Specifically, travel 

diaries that contain demographic and social characteristics could be used to assess possible 

disparities with respect to aging populations and their younger counterparts.  

4.3 Data and Methods 

4.3.1 National Household Travel Survey Data 

Recall that chapter three introduced the 2009 National Travel Survey (NHTS) Florida 

Add-on where mobility and travel behavior information is derived from this dataset. As 

previously stated, the NHTS conducts a national survey, but also allows states and Metropolitan 

Planning Organizations (MPOs) to purchase NHTS add- on samples in order to create a 

household travel survey dataset specifically for their area. The state of Florida chose to purchase 

an add-on sample that included an additional 14,000 Florida households. Data was collected 

from each sample household on all the travel conducted in a 24-hour period, or the designated 

travel day for a specific household. The NHTS dataset provides ages of all respondents, and in 

order to compare travel behavior differences more efficiently, respondents were separated into 

three groups: 18-49, 50-64, and 65 and older.  

For each respondent, every time a trip is made, their origin and destination locations are 

also recorded geographically by latitude and longitude. The time and distance it took to travel 

from the origin to destination is also included for each trip. Also, information on various trip 

characteristics by age such as the number of trips by worker status, the number of trips by driver, 

and the trip purpose summary is utilized in order to further parse travel behavior.  

As previously stated, the Orlando Metropolitan Statistical Area (MSA) located within the 

state of Florida is selected as the study area. According to the 2010 U.S. Census the population 

of greater Orlando is 2, 134,411 and is considered the third-largest metropolitan area in Florida, 

and the 26th largest in the United States. Chapter three gives a more in-depth description of the 

socio-demographic characteristics of the Orlando MSA. As it pertains to the NHTS, 1,252 

households responded to NHTS survey within the Orlando, FL MSA.  A breakdown of the group 

characteristics can be seen in Table 4.1.  
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As explained in chapter three, since this analysis is examining the travel behavior of 

populations within the boundaries of the Orlando Metropolitan Statistical Area, only trips that 

begin and end within these boundaries are included in the study. Additionally, only respondents 

whose home location is within the Orlando MSA boundaries are included. What this means is 

that if a respondent does not live within the Orlando MSA or if a respondent did not begin and 

end their trip within the Orlando MSA they were not included in the analysis. Additionally, only 

trips taken by automobile are included. After eliminating all trips not relevant to this study a total 

of 6,935 trips made by automobile are captured in the analysis.  

4.3.2 Other Data Sources 

Data on the Orlando MSA’s street network geography was derived from Navteq’s Here 

database (2013). This dataset contains information on the estimated time it takes to travel from 

one node to another within the street network. Travel times are based on the speed limits 

assigned to each road segment within the dataset.  

Census data is also used in this analysis in order to contextualize the distribution of older 

adults within the study area. Data was extracted from the National Historical Geographic 

Information System (NHGIS), which provides aggregate census data and GIS-compatible 

boundary files for the United States. Specifically, census tract data from the 2006-2010 

American Community 5-year Survey was used to examine the areas within the study area that 

have larger concentrations of older adults.  

4.3.3 Cumulative Time Geographic Density Estimation  

This research uses TGDE metrics in order to compare travel geographies across multiple 

age groups. Recall that details on TGDE model formulations and how they are employed are 

discussed in chapter two.  Thus far, TGDE has mainly been used with synthetic survey-type data 

or data with no personally identifying information. This is the first actual trip data used with 

TGDE. The NHTS dataset contains the origin, destination, and the time it took to get from one 

location to another for each trip, as well as the respondent’s characteristics. Past work has shown 

that TGDE surfaces and intensities can be computed using the origin, destination, and time 

budget of any trip (M. W. Horner et al., 2012). These surfaces tell us the most probable locations 
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a traveler can reach given their time and spatial constraints. The NHTS data contains the known 

destination and origin locations as recorded in the survey, and thus the actual travel paths are not 

known for individual travelers. TGDE metrics can be used to compute the most probable 

potential paths of each traveler, thus providing a method for computing their overall activity 

spaces.  

A cumulative TGDE or TGDE-C allows for one to compute TGDE intensities for 

multiple travelers grouped according to their age. In this way, aggregated activity spaces are 

created for each age group of travelers. Age cohorts are extracted from the NHTS survey and 

organized into groups aged: 18-49, 50-64, and 65+. TGDE-C intensities can be calculated for 

each age group for all trips.  This allows us to estimate and visualize the most probable locations 

visited by each group within the study area.  

TGDE scores, or intensities, are node-based, in that they are mapped to intersections and 

other nodes along a road network. Cumulative TGDE scores at a given node are thus obtained by 

summing each person’s individual intensity score, 𝑓! 𝑥 , who ‘crosses’ that node. Essentially, 

this expression is equivalent to a TGDE score for a single node computed for one traveler (M. 

W. Horner & Downs, 2014). Re-writing, 𝑓! 𝑥  to let 𝑓! 𝑥!"  equal the intensity of a single 

traveler, q, at the kth location node who is a member of age cohort g, a new measure, cumulative 

TGDE or TGDE-C may be stated as: 

 

𝐶!" =  𝑓!!∈! (𝑥!")             (4.1) 

 

where 𝐶!" defines the cumulative TGDE score at location k for age cohort group g. To illustrate, 

in cases where TGDE is estimated for nodes on a network, the kth location’s C is representative 

of the cumulative likelihood of multiple persons of a given age cohort visiting that location. 

Higher scores are indicative of a greater likelihood of a location being visited, given the travel 

patterns and space-time constraints of multiple people moving throughout the study area. In this 

case, TGDE-C provides a way to explore differences in travel behavior and mobility across age 

groups in a dynamic urban environment.  
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4.4 Results 

Results are obtained by generating the TGDE metrics for each age group within the 

Orlando MSA area boundaries. As stated previously, the travel paths between known origin and 

destinations are unknown and are estimated using TGDE methods. TGDE-C, per equation (4.1) 

above, allows for groups of individual travel paths to be aggregated for a given area, thus 

creating a composite probabilistic ‘activity space’ for a group of individuals. Thus, comparisons 

can be made across the pre-selected age groups in order to analyze any overall variance in 

geographic mobility.  

For all age cohorts, origin and end trip locations were provided by the NHTS for each 

trip. Each trip’s associated travel budget was taken from the survey data in order to estimate the 

most likely path traversed by each traveler on each trip. These potential paths were then 

aggregated to compute one age cohort specific TGDE-C surface that is then mapped for easy 

visualization. The TGDE-C values are weighted by the number of trips for each age group so 

they may be similarly compared. Additionally, these values have also been grouped from the 

highest to lowest intensity in similar intervals across each age group for quick comparison. 

Demographic information on the proportion of adults in each age group is also 

aggregated and compared at the census tract level. This step was taken to further contextualize 

the study area and results, and helps illustrate where greater concentrations of each age group 

reside within the overall study area.  

4.4.1 Geographic Distribution of Adults by Age in the Orlando Metropolitan Statistical 

Area 

For each age cohort, maps were created that depict where each cohort predominantly 

resides within the study area at the census tract level. Figures 4.1, 4.2, and 4.3 contain 

information on the percentage of population aged 18-49, 50-64, and 65 up residing in census 

tracts. For the group aged 18-49 it appears that the census tracts with the highest percentage of 

adults that fall into this category predominantly reside in the city’s urban core, or in Orlando 

proper. Specifically, east Orange County has a large proportion of adults, aged 18-49. This is 

also the location of the University of Central Florida, which may account for the higher 

concentration of adults within this age cohort. Examining the distribution of the population aged 
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50-64, it appears that pre-retirement adults are more concentrated in suburban areas and less 

concentrated in the urban core. This is unsurprising considering trends indicate that many in the 

baby boomer population reside in low density, quieter suburban neighborhoods (M. W. Horner et 

al., 2015).  

Figure 4.3 shows the distribution of adults aged 65 and up. The largest proportion of this 

age cohort is located in Lake County. Interestingly, Lake County has a variety of retirement 

communities specifically aimed at attracting adults over the age of 55. One of the most well-

known of these communities is The Villages, primarily located in Sumter County, though its 

boundaries overlap into Lake County. The Villages has been ranked one of the fastest growing 

cities in the United States (Schneider, 2016). It is a master plan age-restricted community, which 

caters to the needs of older adults. 

4.4.2 Trip Characteristics and Age Groups 

Table 4.2 provides an overview of trip characteristics across age groups. This 

investigation looks at the number of trips by worker status, driver, and trip purpose summary in 

order to observe travel behavior differences across age cohorts. Worker status indicates whether 

the driver is employed or not. As is to be expected, the adults aged 18-49 have the highest 

proportion of trips conducted by a working adult, while adults 65 and up have the lowest due to 

the expectation that they retire later in life. ‘Trips by driver’ tells us the number of trips 

conducted where the individual responding to the survey was the driver on the trip. The majority 

of respondents indicated that they were the drivers on the trip. Trip purpose summary is used to 

categorize the reason for each trip recorded by the traveler. Here the number of trips per trip 

summary are presented. Besides the home trips, the most common trip purpose for adults 18-49 

and 50-64 are work trips, where 15.4% and 13.9% of trips respectively are to work. This points 

to the fact that these age groups spend most of their travel commuting to and from work.  For 

adults 65 and older, work trips only take up 2.6% of the total trips they reported. Additionally, 

adults 65 and older take the most trips for the purpose of errands and shopping. The second most 

popular trip for adults aged 64 and older is social and recreational. Thus, the data would suggest 

that older adults travel for much different reasons than their younger counterparts. Older adults 

also take more trips for medical/dental reasons compared to younger age groups; with adults 

aged 85 and older, 8.7% of their trips are for medical reasons.   
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4.4.3 Activity Spaces Generated with TGDE-C by Age Group 

 

Figures 4.4, 4.5, and 4.6 below depict the TGDE-C values for age cohorts, 18-49, 50-64, 

and 65 up. The breaks are organized by equal number of features and darker colors indicate 

higher TGDE-C values, which are indicative of the places most likely visited by each age group. 

Initial scans suggest no remarkable differences in the TGDE-C surfaces. However, when 

examining the 18-49 age cohort’s TGDE-C surface, it appears that this group is more likely to 

visit more places across the Orlando MSA. In essence, their composite probabilistic potential 

path area is larger than either the 50-64 or 65 up age group. Many of the darkest nodes are 

concentrated in Orlando’s urban core, and the 18-49 age cohort has a larger surface area of 

darker nodes in this area. The 50-64 age cohort appears to have darker intensities in the areas 

outside the urban core.  

Figures 4.7, 4.8, and 4.9 show distinctions between the traveler paths more clearly. By 

taking the difference of each TGDE-C value, this study is able to demonstrate the contrasts 

between each age group and the locations they are most likely to visit within the Orlando MSA. 

Figure 4.7 shows the difference between the TGDE-C values of age groups 18-49 and 50-64. 

The red indicates the areas where adults aged 18-49 are more likely to be within their activity 

spaces compared to adults 50-64. Overall, it appears that adults aged 18-49 travel paths are 

distributed more broadly across the Orlando MSA. They are more likely to have traveled in the 

peripheral areas surrounding the Orlando core, as well as many areas within the urban core. At 

the same time, adults 50-64 are most likely to have traveled in south Lake County and many 

areas in Orlando’s urban core. The patterns illustrated in these differences could be showcasing 

commuting patterns where adults aged 50-64 live and work in the areas where their activity 

spaces show they are most likely to be, compared with adults aged 18-49.  

Examining Figure 4.8, which illustrates differences in the activity spaces between adults 

aged 18-49 and 65 and older, it can be seen that adults aged 18-49 are still more likely to visit 

many more places compared to the older age cohort. Once again, they are more likely to have 

traveled in the periphery of the urban core, as well as the urban core compared to adults aged 65 

and older. The differences between these age cohorts are similar to the differences in adults aged 

50-64, where adults aged 65 and older appear to most likely have traveled in south Lake county 

and some pockets of the Orlando urban core.  
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Finally, this chapter examines the differences in activity spaces generated using TGDE-C 

between adults aged 50-64 and 65 and older. Red shading represents the places adults aged 50-64 

are more likely to be compared to adults 65 and older, while green shading represents the 

locations adults 65 and older are more likely to be located. Interestingly, it appears that adults 

aged 65 and older are more likely to be in a higher geographic distribution of places compared to 

adults aged 50-64. Specifically, in north Lake county and many of the periphery areas 

surrounding Orlando’s urban core, adults aged 65 and older are more likely to have traveled to 

these places compared with adults aged 50-64. In the case of northern Lake County, adults aged 

65 and up are more likely to have traveled in this area due to the fact that this is the location of 

the Villages. Once again, adults aged 50-64 appear to most likely be in Orlando’s urban core and 

east Lake County. As stated before, these observations could be indicative of commuting 

patterns. 

4.5 Discussion and Conclusion 

This chapter uses 2009 NHTS travel survey data in order to examine the geographic 

automobility of aging adults. With this investigation it is illustrated how the mobility of adults 

across different age groups can be summarized and compared spatially using TGDE-based 

methods to create composite activity spaces. With this study, travel survey data is used that 

includes origin and destination geocoded locations along with the time it took individuals to 

travel from one destination to another. TGDE was previously established as an effective means 

of estimating the composite potential paths of travelers when their origin, destination, and travel 

budget are known. TGDE is extended here via an approach known as TGDE-C, which allows 

travelers to be grouped by age in order to discern differences in activity spaces across age 

cohorts.  

The findings are somewhat unique compared to other studies examining the travel 

behavior of aging populations in that we have discovered that adults aged 50-64, or adults that 

predominantly make up the baby boomer generation, have less geographic automobility relative 

to older and younger adults.  It is said they have less automobility because findings show that 

baby boomers are less likely to be in fewer locations than younger and older adults within the 

Orlando MSA. In other words, by visually examining the maps in figures 4.6, 4.7, and 4.8, baby 

boomers are not expected to be at more locations than older and younger adults. This is 
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surprising, especially when comparing baby boomer travel patterns with older adults. Since baby 

boomers’ trips are predominantly work-related and older adults have reached retirement age and 

are no longer traveling to and from work, one would expect that older adults would exhibit 

smaller activity spaces compared to baby boomers, but this is not the case.  

Additionally, reflecting on the current inquiry, it also appears that older adults have 

different travel patterns than younger adults. Results indicate that adults aged 18-49 are more 

likely to be at locations more geographically dispersed within the region compared to adults aged 

50-64 and adults aged 65 and older. These observations could be a function of where adults 

reside compared to where they choose to travel in a given day, and future studies will include 

additional information on trip purpose and home locations compared to the activity spaces of 

these different age groups. Because a larger share of the trips taken by adults aged 18-49 and 50-

64 are work trips, their activity patterns are jointly shaped by where they live and work 

(Levinson, 1998). Older adults travel the most for social reasons and shopping, thus their activity 

spaces could be dependent on where shopping and social activities are located in the context of 

their home locations. Still, a large majority of trips taken by adults, aged 50-64, are also for 

shopping, yet they have the lowest geographic auto-mobility compared to both older and younger 

travelers.  

This chapter offers several key insights into the burgeoning research on aging adults. 

Previous studies have focused mostly on the existing older adult population in order to inform 

the future needs of adults who have not yet reached retirement age. The demographic shift 

approaching the United States concerns the aging of the baby boomer cohort, who have 

historically behaved much differently than past generations. As such, in order to predict their 

future needs, more focus should be shifted to baby boomers themselves instead of their 

predecessors. One notable example is research conducted on the predicted accident rates for 

older adults based on how older adults behaved in the past. Studies used past and current 

behavior of older adults to predict how aging adults would fare in the future in terms of accident 

rates. Actual accident rates turned out to be much lower than the predicted rates(Coughlin, 

2009).  Little has been done to observe the geographic automobility and activity spaces of baby 

boomers within an urban environment. To date, most studies on baby boomers’ travel behavior 

have relied on descriptive interviews and surveys, with little to no emphasis on the geographic 

travel patterns of baby boomers compared to other age cohorts.  
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From these activity spaces we learn that baby boomers’ automobility patterns are not as 

geographically dispersed as younger or older adults. Older adults travel for much different 

reasons than younger age groups (work versus shopping or social reasons), yet both groups have 

wider geographic automobility than baby boomers.  Perhaps this is due to the fact that baby 

boomers predominantly reside in areas where their shopping/errands, home, and work locations 

are all within the same vicinity. As such, they may not need to travel further distances to reach 

these opportunities. At the same time, we see that baby boomers appear to live in areas just 

outside the urban core and within the outer edges of the MSA. They appear to be more 

geographically dispersed in terms of residence, yet they are the least geographically dispersed in 

terms of travel compared to other age groups. If baby boomers have the least geographic 

automobility now, how will the coming years change their travel behavior? It has been noted that 

baby boomers may retire at a later age due to advancements in health technologies and greater 

quality of living. If a large proportion of trips are still conducted for work purposes even after 

baby boomers reach age 65, then their geographic automobility may stay the same. At the same 

time, for those baby boomers that do retire and no longer conduct work trips, how will their 

activity spaces change compared to their travel behavior now?  

While this chapter offers key insights into the current geographic automobility of aging 

adults, it also opens doors to more areas of inquiry. In the next chapter, this dissertation focuses 

on the number and types of activities available to aging adults within their activity spaces. As 

adults transition from working to retirement, it is likely that their activity spaces will be less 

geographically dispersed since they will no longer be taking trips to and from job locations 

(DeGood et al., 2011). As such, the opportunities within the vicinity of pre-retirement adults’ 

home locations become more and more important as they age (Alsnih & Hensher, 2003). 

Additionally, if older adults’ automobility is even somewhat of an indication of what is in store 

for adults aged 50-64, it would appear that they will be more likely to travel further and wider 

distances in order to reach desired locations. The impacts of this on the transportation system 

could be multi-dimensional. Current planning trends are focused on creating more sustainable 

forms of development meant to decrease the amount of time spent in a personal vehicle for 

economic and environmental reasons. If adults aged 50-64 continue to operate personal vehicles 

well after retirement and are willing to travel longer distances as they age, this could have 

negative impacts on traffic congestion and the environment. Additionally, the costs (time and 
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money) associated with traveling longer distances in a personal vehicle are also something to be 

considered.  At the same time, if adults aged 50-64 continue to travel as they do pre-retirement, 

this could be indicative of the fact that activities within baby boomers’ home locations allow 

them to avoid traveling further distances to reach opportunities. Either way, more evidence is 

needed to determine how adults aged 50-64 will behave in the future.   

Some limitations of this analysis should be considered. We focus on only the trips located 

within the Orlando MSA boundaries, and as a result any trips that take place outside of the MSA 

boundary are not considered. Furthermore, the travel diary data used in this study is subject to 

survey error in that the data is only correct insofar as the respondents were able to accurately 

identify their origin and destination locations, as well as the time it took for them to travel to 

these locations. Another limitation is that the NHTS Florida add-on survey only captures trips for 

one day. Future analyses would use data that captures trips for multiple days throughout a given 

week over a longer period of time. Additionally, the road network data does not take into account 

road congestion, and as a result, TGDE may overestimate activity spaces based on the travel 

budget. Another limitation includes the age of the travel survey, which was conducted in 2009. 

Despite the limitations discussed above, this analysis focusing on the travel behavior of 

individuals in an MSA area adds new insights to aging populations and their geographic 

mobility.  

In conclusion, the United States must prepare for the aging of the entire population, and 

especially the adults aged 50-64 in a number of ways. Examining baby boomer automobility 

compared to other age groups shows that baby boomers are currently less likely to travel within a 

wider range of geographic areas than older and younger age cohorts. These findings on pre-

retirement adults’ automobility and travel behavior can inform neighborhood design, transport 

and land use policies, and mobility service provision for future older adults. Since pre-retirement 

adults exhibit patterns of less geographic mobility than older and younger age groups, this 

supports the argument that an effort should be made to ensure that activities and opportunities 

are centered on their home locations.  

Using the activity spaces formulated across age cohorts in this chapter, the next chapter 

will examine the range of activities within people’s activity spaces.  This and other related 

research can be helpful in determining if aging adults’ activity spaces are giving them sufficient 

access to the places they may or may not wish to visit in a given day.   
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Table 4.1 Number of Households (Age of Head of Householder), People, and Trips for each Age 
Group in the Orlando Metropolitan Statistical Area 

 

 

 

Table 4.2 Number of trips by Worker Status, Driver, and Trip Purpose Summary Across Age 
Cohorts 

 

 
 

Age	Groups Households	 People Trips

18-49 410 612 2,351										

50-64 430 582 2,388										

65	and	up 412 565 2,196										

Total 1,252														 1,759										 6,935										

Age	Group

Trips	Total

Trips	by	Worker	Status

Yes 1,880							 80.0% 1,597							 66.9% 394										 17.9%

No 471										 20.0% 791										 33.1% 1,802							 82.1%

Trips	by	Driver

Yes 2,297							 97.7% 2,363							 99.0% 2,070							 94.3%

No 52												 2.2% 25												 1.0% 126										 5.7%

Trip	Purpose	Summary

Home 888										 37.8% 862										 36.1% 840										 38.3%

Work 362										 15.4% 332										 13.9% 57												 2.6%

School/Daycare/Religious	Activity 62												 2.6% 48												 2.0% 57												 2.6%

Medical/Dental 25												 1.1% 64												 2.7% 89												 4.1%

Shopping/Errands 381										 16.2% 532										 22.3% 585										 26.6%

Social/Recreational 223										 9.5% 196										 8.2% 235										 10.7%

Family	Personal/Obligations 76												 3.2% 73												 3.1% 86												 3.9%

Transport	Someone 190										 8.1% 112										 4.7% 66												 3.0%

Meals 131										 5.6% 162										 6.8% 172										 7.8%

Other	Reason 13												 0.6% 7													 0.3% 9													 0.4%

2,351																									 2,388																									 2,196																									

18-49 50-64 65up
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Figure 4.1 Percentage of Population Ages 18-49 by Census Tract 
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Figure 4.2 Percentage of Population Ages 50-64 by Census Tract 
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Figure 4.3 Percentage of Population Ages 65 up by Census Tract 
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Figure 4.4 TGDE-C Surface Estimation for Ages 18-49 
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Figure 4.5 TGDE-C Surface Estimation for Ages 50-64 
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Figure 4.6 TGDE-C Surface Estimation for Ages 65 up 

 



 64 

 

Figure 4.7 TGDE-C Differences between Age Groups 18-49 and 50-64 
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Figure 4.8 TGDE-C Differences between Age Groups 18-49 and 65 and older 
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Figure 4.9 TGDE-C Differences between Age Groups 50-64 and 65 and older
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CHAPTER FIVE  

AGING IN ACTIVITY SPACES: HOW DOES INDIVIDUAL 

ACCESSIBILITY COMPARE ACROSS AGE COHORTS? 

While chapter four looks specifically at activity spaces across age cohorts in order to 

assess overall mobility within the Orlando MSA, chapter five is interested in assessing 

accessibility to goods and services across age cohorts. The methods used in chapter four are 

extended in order to identify specific opportunities within the activity spaces of different age 

cohorts. Essentially, chapter five represents an effort to quantify the activity spaces of aging 

populations and examine their exposure and accessibility to activities along their travel paths. 

The chapter looks at a wide range of opportunities that represent the vital needs of aging 

populations and provides discussion based on summary analysis and spatial comparison of 

results. 

5.1 Introduction 

The overall research concern of this dissertation is focused on the coming generational 

changes, wherein older adults will make up a substantial proportion of the population. Since 

these changes are unprecedented, it is unclear what effect the aging population will have, 

broadly, on the United States. Unquestionably, this population has many needs that will have to 

be met. A key challenge will involve ensuring the transportation system’s ability to provide older 

populations with accessibility to opportunities as they age. Identifying factors that allow these 

individuals to maintain healthy and productive lifestyles should become a high priority in 

comprehensive planning efforts. One of the prime factors affecting older adults’ wellbeing is 

their ability to travel and access locations, such as medical care, shopping opportunities, and 

social networks (M. W. Horner et al., 2015). Baby boomers, who are the generation poised to 

enter their retirement years, may be in danger of falling into the trap of aging in places where 

access to goods and services may be limited.  

Recall that in chapter three, significant discussion and concerns regarding older 

populations is centered around, aging in place, or the ability to live in one’s own home 

independently and comfortably despite age or ability level (Alsnih & Hensher, 2003; DeGood et 



 68 

al., 2011; Farber & Shinkle, 2011; Siren & Haustein, 2013). The majority of aging adults have 

expressed desires to age in place. Unfortunately, development trends over the last 50 years have 

consisted of suburban development and urban sprawl, which has led to automobile-dependent 

suburban areas all across the United States (DeGood et al., 2011). As stated in chapter two, aging 

adults could find themselves aging in suburban neighborhoods where a personal vehicle is 

required in order to reach most destinations. Despite the fact that studies have suggested that 

older adults travel less frequently and make less trips than their younger counterparts (Mercado 

et al., 2010), aging populations still need to be able to reach the places they desire to go when 

they do choose to travel. As such, there is an impetus to understand the potential needs of aging 

populations as it pertains to their automobility. One possible approach to gaining a fuller 

understanding of the accessibility of aging populations is to examine not only the activity 

locations relative to their home locations, but also the potential activity locations that may 

coincide with their day-to-day activity patterns and use of the transportation system. Just because 

there are no activities within the vicinity of an individual’s home doesn’t mean that they are 

inaccessible to activities if they are exposed to opportunities in the context of their broader 

activity patterns. At the same time, if individuals are exposed to limited opportunities within 

their neighborhoods and along their travel paths, this may place them at a disadvantage in terms 

of accessibility.  

As reviewed in chapter two, accessibility has been a useful framework when exploring 

how people reach their desired activities and vital needs (H. L. Handy & Niemeier, 1997; M. W. 

Horner et al., 2015; S. R. Jones, 1981). Furthermore, some accessibility measures can 

incorporate ‘activity spaces’ which have frequently been used to explore the locations 

individuals have access to as a result of their typical travel behavior (Patterson & Farber, 2015). 

As acknowledged in previous sections of this dissertation, activity spaces are the individual’s 

travel environment and include all of the opportunities that can potentially be reached but are not 

yet visited (Schönfelder & Axhausen, 2003). An individual’s travel environment is constantly 

changing as they visit more opportunities outside their home location. At the same time, the 

inability to reach locations can result in the lack of exposure to opportunities that could 

potentially help maintain or even improve quality of life (Casas, 2007). 

In order to support policy interventions that may relieve some of the challenges faced by 

aging populations, there is a need to understand the potential accessibility realized by older 
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adults in multiple urban environments. Accessibility measures could be utilized to assess 

whether there are transportation disadvantaged older adults, given accessibility comparisons with 

other segments of the population. For example, Casas (2007) used cumulative opportunity 

measures in order to compare accessibility to goods and services between disabled and non-

disabled groups and Horner, et. al. (2015) examined accessibility to a range of opportunities 

including healthcare and shopping in order to explore whether there was inequitable access 

across age groups. Here, this research attempts to identify whether aging adults have lower 

accessibility compared to other age cohorts. If differences do exist across age groups, this 

chapter also attempts to explore where they exist within a metropolitan area. For example, it may 

be of interest to note whether one group appears to have high accessibility in specific areas 

compared to other groups. In the case of working adults who may reside in suburban 

neighborhoods, perhaps they have lower accessibility near their home locations, but because of 

their daily commute they have higher accessibility within their overall activity spaces. This could 

inform the broader impacts of aging in place, whereby it doesn’t matter if older adults are not 

exposed to activities around the places they immediately live, as long as they are exposed 

through daily activity. Even when faced with driving cessation, older adults report that their 

primary form of transportation is via the personal automobile where they rely on friends and 

relatives to transport them to activities (Adler & Rottunda, 2006).   

Using the same techniques in chapter four, this research uses individual travel choice 

information from the National Household Travel Survey Florida Add-on dataset in order to 

examine the activity spaces and accessibility of older adults to a number of key activity 

locations, including grocery stores, shopping, and business opportunities. The same methods 

described in chapter four are utilized where activity spaces are constructed from the travel diaries 

of individuals using a methodological framework based on time geographic density estimation 

(TGDE) (Downs & Horner, 2012). We seek to answer the question of whether there are 

differences in accessibility across age groups. If there were differences in accessibility, this 

might be suggestive of challenges associated with aging in place wherein older adults who 

choose to reside and retire in suburban neighborhoods may not have access to as many 

opportunities as other age cohorts. Also, the same age groups are utilized in this chapter to 

identify whether disparities exist in daily travel exposure to opportunities. These divisions 

represent three distinct generations where the 50-64 age group is representative of the largest 
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contingent of the baby boomer age group and adults who are approaching retirement age. The 65 

and older group represents the oldest contingent of adults who may no longer be in the workforce 

and potentially may be feeling the physical effects of aging.  

This research contributes insights into whether older adults or adults nearing retirement 

are more susceptible to inaccessibility, while accounting for their actual travel behavior as 

captured as activity spaces. This knowledge is especially important in the context of adults who 

choose to age in place. While aging adults may live in neighborhoods lacking opportunities, they 

may or may not be exposed to activities through their daily travel outside their neighborhood. 

The systematic analysis conducted here represents one strategy that can be used to assess 

whether areas and populations are vulnerable to becoming transport disadvantaged. As a result, 

these findings will be able to better inform policies promoting transportation solutions for older 

adults.  

5.2 Background 

5.2.1 Older Adults and Travel Behavior 

Previous sections included in chapters two and four have reviewed the literature on older 

adults and travel behavior. As stated before, over the years many studies have explored trends 

surrounding aging populations and their travel behavior (Collia et al., 2003; Lynott & 

Figueiredo, 2011; Newbold et al., 2005; Rosenbloom, 2003). These studies have concluded that, 

overall, there are more older adults driving personal automobiles than in years past and the 

number of older adults on the road keeps increasing. This is due to the following key factors: 

older adults are more active and healthier than previous older generations, more older adults 

retain driver’s licenses, post-retirement adults still utilize their personal automobile, and older 

adults have higher incomes and more disposable income than previous generations (Alsnih & 

Hensher, 2003; Farber & Shinkle, 2011; Rosenbloom, 2003).  Many have noted that the favored 

mode of choice for older adults is the personal automobile (DeGood et al., 2011). Studies have 

shown that an active social life has proven to have a positive impact on aging adults’ mental and 

physical health (Alsnih & Hensher, 2003; D. . Metz, 2000). In addition to traveling for social 

reasons, trends have indicated that more aging Americans will retire at a later age, meaning that 

there will be a larger proportion of older commuters than in years past (Mcguckin et al., 2012). 
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Studies reporting the travel patterns of aging Americans found that aging populations tend to 

take significantly shorter trips regardless of where they lived (i.e. urban vs. rural), and also take 

fewer daily trips per person than their younger counterparts (Hwang et al., 2015). Other studies 

have found that aging populations travel fewer miles than their younger counterparts, but there is 

also an increasingly larger share of older adults traveling than ever before (Lynott & Figueiredo, 

2011). In summary, for the most part older adults have been maintaining the use of a driver’s 

license and their dependence and ownership on the use of personal automobiles (Rosenbloom, 

2003).  

5.2.2 Accessibility  

Accessibility-related research has flourished during the last few decades with new data 

and computational tools facilitating innovations rooted in traditional methods (S. L. Handy & 

Clifton, 2001; H. Miller, 2007). Chapter two provides an in-depth review of accessibility 

concepts which can be generally defined as the ease with which activities can be reached across 

space. This section also gave an overview of how accessibility is measured and computed in a 

number of ways. The more popular place-based metrics capture the accessibility assumed to be 

available at a given location (Horner 2004; Li et al. 2011).  For example, these metrics can be 

used to determine how many shopping opportunities may be visited via the transportation system 

from a specific location within an urban area or neighborhood (Horner and Mefford 2005). 

Place-based measures are readily quantifiable, summarized, and easily mapped and as such have 

become increasingly popular in social policy contexts (Wood & Horner, 2015). Still, many have 

argued that individuals are exposed to a variety of opportunities and locations along their daily 

activity paths, and home-based analyses may be too aggregate by not capturing an individual or 

population’s true neighborhood environment (M. Jones & Pebley, 2014; Patterson & Farber, 

2015; Silm & Ahas, 2014). People-based measures of accessibility allow one to account for 

individual constraints on movement, activity participation, and other contextual factors that 

shape transportation outcomes (Kwan and Weber 2003).  Essentially, accessibility metrics can be 

used to assess the efficiency, effectiveness, or equity of service across any travel mode.   
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5.2.3 Activity Spaces and Time-Space Measures of Accessibility 

Recall previous discussion on how more research is focusing on “activity spaces” and 

potential path areas or spaces defined by locations that individuals visit regularly (M. Jones & 

Pebley, 2014). Patterson and Farber (2015) noted that activity spaces and potential path areas are 

found in studies of travel behavior, calculating accessibility, and identifying segregation and 

exclusion (Patterson & Farber, 2015). There have been many efforts in recent years that merge 

all of these concepts together utilizing different methods surrounding potential path areas and 

activity spaces. This is due to the fact that there has been concern that accessibility measures that 

only focus on the home location may miss out on the activities individuals are exposed to 

through daily travel. Studies have used activity space metrics to measure accessibility to the 

retail food environment (Paez et al., 2010), green spaces exposure (Kemperman & Timmermans, 

2014), and healthcare opportunities (Saarloos, Kim, & Timmermans, 2009). Hirsch et. al. (2014) 

use GPS activity spaces in order to examine the mobility habits of older adults in order to better 

understand potential ways to maintain their independence by identifying factors that affect their 

spatial mobility (Hirsch et al., 2014).  

Additionally, there are many studies that utilize activity spaces to measure disparities in 

access across different demographic and socioeconomic characteristics. For example, Kestens et 

al. (2010) used travel diaries to estimate activity spaces in Canada and compared them to 

residents’ neighborhood characteristics and found notable differences across age and income 

characteristics (Kestens, Lebel, Daniel, Thériault, & Pampalon, 2010). Ultimately, that study was 

interested in evaluating neighborhood exposure to food opportunities across socioeconomic 

characteristics while accounting for daily mobility. Another analysis utilizes activity spaces 

calculated using mobile phone data in order to examine ethnic differences in the accessibility to 

non-employment activities (Silm & Ahas, 2014). The activity space and potential path area are 

possibly useful frameworks from which to analyze the individual travel behavior of aging adults 

that could possibly help identify potential transportation issues that could lead to disparities, 

exclusion, or inaccessibility among these populations. The cons of aging in place suggest that 

older adults may not have access to opportunities based on their home locations, but if older 

adults are exposed to opportunities through their daily activity patterns, then aging in place may 

not be as big of a concern as previously suggested.  
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In this chapter, an evaluation is presented which contends that the activity space and 

potential path area constructs may be used to analyze individual accessibility across different age 

cohorts in order to identify areas of inaccessibility to specific opportunities. Some of these 

opportunities include grocery stores, pharmacies, or shopping, which are just a few of the 

essential activities that many aging and older adults would need to access in order to 

economically participate in society. Using the TGDE surfaces computed across age cohorts in 

chapter four, this chapter analyzes the accessibility across age cohorts given their travel 

environments. Going forward, the TGDE computational framework that allows us to account for 

people’s activity spaces and other dynamics in estimating their individual accessibility is utilized 

once again.  

5.2.4 Time Geographic Density Estimation (TGDE) and Accessibility  

As stated in previous sections, Time Geographic Density Estimation (TGDE) was 

originally developed in order to compute the most probable locations an object has been, given 

known origin and destination coordinates, along with the time it took to travel from one place to 

another. Horner and Downs (Horner and Downs 2014) propose a TGDE accessibility metric that 

fuses both individual and aggregate modeling perspectives. This concept was expanded in a 

study conducted by Horner and Wood (Horner and Wood 2014) where the TGDE accessibility 

framework was extended to identify people’s individual food environments using information on 

travel movements and the location of food stores. Results indicated that place-based and 

individual differences in access to food stores could be quantified and compared in order to 

identify patterns or clusters of inequity across the transportation system (Horner and Wood 

2014). 

5.3 Data and Methods 

5.3.1 Data and Computational Environment 

For this investigation, TGDE surfaces generated across each age group, 18-49, 50-64, and 

65 and older are utilized in order to assess accessibility. Details on how TGDE is used to 

compute each of these surfaces can be found in previous sections from chapter four. Recall that 

TGDE surfaces for each age cohort were calculated using equation 4.1. The geographic 
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automobility across age groups was then assessed to determine whether variability existed. In 

this chapter, the activity spaces computed in chapter four are utilized in order to determine the 

accessibility each age group has to a variety of goods and services within their travel 

environment.  

Activity locations are derived from Navteq’s HERE database (2012). This dataset 

contains the geographic locations of opportunities across a multitude of categories such as: 

grocery stores, financial services, shopping, parks, libraries, etc. Essentially, this study’s 

accessibility metrics are used to estimate access to all of these activities within each age group’s 

computed activity space.  

5.3.2 Methodological Framework 

We use an individual density-based accessibility measure based on time geographic 

density estimation (TGDE) in order to compute accessibility scores for each age group of 

interest. Previous work conducted by Horner and Downs (2014), as well as Horner and Wood 

(2014), expands the TGDE framework to allow accessibility modeling. This was accomplished 

by blending the TGDE intensity estimate in equation 2.3 with an opportunity score capturing the 

spatial distribution of food activities in their study area. Generally speaking, TGDE-A is a 

combination of the individuals’ cumulative likely space-time path (i.e. where the object likely 

was) with the opportunities along that path. Essentially, TGDE-A assigns an accessibility score 

to each opportunity, where higher scores indicate an activity that is most likely to be visited 

along a traveler’s path.  

This accessibility estimator captures the attractiveness of opportunities at location k, or 

𝑂! . O represents an opportunity or activity, and 𝑂! represents the kth location’s proportion of the 

area's total opportunities, where 0≤ 𝑂! ≤ 1 and 𝑂! = 1! . In other words, 𝑂!, is the number of 

activities that can be reached by a traveler given their time budget and trip origin and destination.  

𝑓! is the TGDE score at a give node for a given traveler. Thus for a given object’s accessibility 

score related to opportunities along the path at a given location x, a composite accessibility value 

at each x location can be summed for each i-j pair using the following equation: 

 

𝐴!" = 𝑓!
!!!

!!! (𝑥!")𝑂!              (5.1) 
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Here q represents a moving object or in this case, a traveler in chapter 4. In summary, 𝐴!" is 

defined as the total accessibility score for object q at location k, where higher values represent 

greater accessibility and lower values represent less accessibility to a given set of activities.  

When defining accessibility for a group of individuals, 𝑆!, is a place-based measure of 

accessibility that is used to show the cumulative level of accessibility of multiple moving objects 

at a single location:  

 

𝑆! = 𝐴!"!               (5.2) 

 

From this equation we can define the second summary metric, 𝑃!, which provides a numerical 

summary of an individual’s overall accessibility by summing up all the location instances where 

they might have passed by a possible activity opportunity.  

 

𝑃! = 𝐴!"!                          (5.3)  

 

In order to compute the accessibility scores for each age group, we summarize the 𝑃! scores 

across individuals within age group g, using summary metric 𝐶!. Where 𝑃!" denotes the 

numerical accessibility of traveler q who is a member of age cohort, g. Additionally, we also take 

into account the number of individuals in each age group, so that we may make comparisons 

despite differences in sample size (𝑛!), where n is the number of individuals in group g: 

 

𝐶! =
!!"!∈!

!!

                         (5.4)  

 

These accessibility metrics are unique in that they will allow specific age cohorts’ accessibility to 

be mapped and analyzed without the use of aggregated census data (M. W. Horner et al., 2015), 

and they take into account the movement of actual individuals instead of estimating shortest path 

distances to the nearest opportunities (Moniruzzaman et al., 2015), these metrics will analyze all 

opportunities available to individuals between an origin and destination point with a given travel 

budget. Essentially, 𝐴!" will provide a visual representation of accessibility across all age 
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groups, while 𝐶! offers a quantitative score from which access can be gauged as less or greater 

than other age cohorts.  

5.4 Results 

5.4.1 Accessibility Comparison across Age Cohorts 

Results of this chapter first focus on the accessibility scores assigned to each age group 

across activities. For each travel diary respondent, we know their recorded origin and destination 

geo-coordinates, as well as the self-reported time it took them to get from one place to another. 

Using this information we are able to use TGDE in order to compute probabilistic potential path 

areas, which depict all the locations a traveler can reach within the given time budget. Each 

network node along the travel path is assigned a TGDE score, which indicates the relative 

likelihood a traveler was present at that particular node. Nodes with higher values are more likely 

to have been traversed by a traveler. After computing TGDE values for each trip across the 

chosen age groups, 18-49, 50-64, and 65 and older, we then compute cumulative TGDE scores, 

which represent the likelihood that someone within a particular age group is going to be present 

at a particular location within the Orlando MSA. Using these scores along with the locations of 

activities we compute 𝐶! values for each age groups across different types of activities. 

Essentially, 𝐶! tells us the relative accessibility an age group has to a particular activity 

compared to other age groups, where higher scores indicate higher accessibility and lower scores 

indicate low accessibility.  

Table 5.1 shows the results of the accessibility comparison across age groups and 

different activities within the Orlando MSA. 𝐶! scores are scaled by 10 in order to reduce 

excessive decimals. Higher accessibility scores are color coded green while lower scores are 

coded red. Overall, age cohort, 18-49, has the highest accessibility scores across all activities 

given their travel patterns and the geographic location of activities within the study area. For 

example, adults aged 18-49 have greater accessibility to libraries, parks, pharmacies, financial 

services, and shopping activities. Age groups 50-64 and 65 and older have a mix of the lowest 

accessibility and medium accessibility to activities. Adults aged 50-64 appear to only have the 

highest accessibility score for hospitals, while adults 65 and older have the highest accessibility 
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scores for grocery stores and restaurants. It should be noted that age groups 18-49 and 50-64 

have 𝐶!scores almost identical for library and park opportunities.  

Still, overall, patterns indicate that pre retirement and older adults have lower 

accessibility scores to activities compared to their younger counterparts. This is a troubling 

insight since it appears that they have lower access to useful opportunities such as pharmacies, 

financial services, and shopping. Adults 50-64 also have the lowest accessibility score to grocery 

stores. Access to grocery stores has been a major topic of discussion in terms of maintaining 

healthful living. In terms of an aging perspective it is unclear how patterns will change as adults 

50-64 transition from pre retirement to retirement. Currently, many in this age group’s trips are 

for work purposes, which expose them to a plethora of opportunities along their travel path. Still, 

when examining adults 65 and older it is evident that they do not have the worst accessibility 

compared to other age groups. 

5.4.2 Place-Based Accessibility Comparison Across Age Cohort 

Using Equation 5.2, we are able to consider the geography of each age cohort’s place-

based accessibility score (𝐴!"). Here, we have mapped the accessibility to grocery stores in order 

to examine spatial differences across age cohorts. Recall from Table 1 that adults 65 and older 

had the highest 𝐶! score or average accessibility score for grocery stores and adults 50-64 had 

the lowest accessibility. Figures 5.1, 5.2, and 5.3 display the aggregate locational accessibility 

scores to grocery stores for each age group. This is useful because it helps us determine where 

grocery store opportunities are the most accessible to each age group. The darker color shadings 

represent the stores that are most likely to be visited by the age group, while the larger circles are 

the locations that are the most accessible. A large, dark shaded store would be more accessible 

and more likely to be visited by a given age group.  

The figures show us some interesting spatial patterns concerning the Orlando MSA’s 

grocery store opportunities relative to each age group’s travel behavior. For all three age groups, 

many of the most accessible opportunities appear to be centrally located. Adults aged 50 to 64 

had the lowest 𝐶! score in terms of their access to grocery stores. It appears that the grocery 

stores that are the most accessible are located centrally in the Orlando and Altamonte Springs 

area. Additionally, there are some more accessible stores in Clermont and one near Leesburg.  
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Adults 65 and older had the highest 𝐶! score for grocery stores. When looking at their 

locational accessibility, many of the most accessible stores are located centrally but there are also 

many located in the periphery of the City of Orlando. St Cloud, Kissimmee, Sanford, and 

Leesburg all have multiple stores that are not only accessible to adults 65 and older but also more 

likely to be visited by this age cohort. To compare to adults 18-49, nearly all of the most 

accessible stores are located in Orlando or just outside Orlando. This is to be expected since most 

of this age group resides in the city of Orlando rather than many of the suburban periphery areas 

or smaller towns surrounding the denser metropolis. 

Since this analysis is specifically interested in the accessibility of older adults, we will 

turn our attention to some of the activities that received lower 𝐶! scores compared to the other 

age cohorts. Figure 5.4 depicts the locational accessibility of adults aged 65 and older to parks 

within the Orlando MSA. According to this figure, most of the parks outside of the Central 

Orlando area are not as accessible or more likely to be visited by adults over age 65. The cities of 

Leesburg and Lady Lake, which both contain a high amount of age-restricted communities have 

virtually no accessible parks in the region.  Figures 5.5 and 5.6 both depict the locational 

accessibility to shopping opportunities for adults 65 and older within the Orlando MSA. As with 

most opportunities, many of the accessible locations are in proximity to Orlando or the central 

part of the Orlando MSA. Even though the shopping (other) opportunities are more likely to be 

visited by older adults in some of the smaller cities such as Leesburg, St Cloud, or Kissimmee, 

these locations do not receive a higher accessibility score. Shopping and park opportunities 

received the lowest accessibility scores for older adults and judging from the figures below this 

could be because these are opportunities are not accessible in many of the towns miles outside of 

Orlando and the MSA’s center.  

5.5 Discussion and Conclusion 

This chapter contributes to a growing understanding of the United States’ aging 

populations and how these individuals travel and access opportunities at an individual level via 

the transportation system. Throughout the literature, fears of these populations “aging in place” 

or being virtually stuck in the suburbs with no personal transportation have evoked more 

research on the subject of travel behavior and aging adults (DeGood et al., 2011). Understanding 

how aging adults travel at an individual level has the greatest potential to inform policies on how 
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to plan for transportation systems and land development that support and meet the needs of this 

fast growing population. While the previous chapter examined the geographic mobility of aging 

adults, this investigation represents an effort to quantify the activity spaces of aging populations 

and examine their exposure and accessibility to activities along their travel paths. We looked at a 

wide range of opportunities that represent the vital needs of aging populations and incorporated 

travel diary data, which included the actual travel origins and destinations of individuals. From 

the results it appears that the geographic dispersion of activities within the Orlando MSA 

currently favors younger adults. Adults 50-64 and 65 and older had lower accessibility scores 

across most activities.  

For long-term consideration, adults 50-64 currently have less access to a number of 

activities compared to older and younger age groups. This is surprising due to the fact that this 

age group still makes work trips, which would lead us to expect more exposure to activities 

along their travel paths. This could mean that this age group is proximal to their work places, but 

at the very least, we would expect higher access than older adults, who have reached retirement 

age and make few work trips. Adults aged 50-64 make up the majority of the baby boomer 

cohort who also are the ones piqued to represent the largest aging population in United States’ 

history. Many of these adults choose to live in residential suburban areas and when surveyed 

about their future expectations the majority would like to age in place and avoid relocating after 

retirement (Alsnih & Hensher, 2003; Engelhardt, 2006). Since the main mode of transportation is 

the automobile and these adults appear to have less exposure to activities in their daily travel, 

there could be potential negative consequences related to the spatial distribution of activities and 

residential locations within the Orlando MSA for adults 50-64. On the other hand, the fact that 

adults 65 and older do not have the lowest access to opportunities can be viewed favorably. At 

the same time, the existence of a portion of the age-restricted community known as “the 

Villages” just outside the Orlando MSA should be considered. While we did not look at this 

specific area in isolation, it is possible that age restricted communities have incentives to cater to 

aging populations and their needs. As a result, many older adults residing in these communities 

may be positioned to maintain regular activity in terms of accessing social and vital 

opportunities.  

Since this study only looks at travel behavior via automobile, future research on this topic 

should explore access to opportunities via transit and/or walking trips. Additionally, access to 
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various medical opportunities should also be assessed since older adults will most likely need to 

access these locations more and more as they age. As discussed in chapter four, many of the 

same limitations regarding the investigation in chapter four apply to this chapter as well. For 

example, only the trips and activity locations located within the Orlando MSA boundaries are 

included in the study and, as a result, opportunities outside of the boundary are not considered. 

Additionally, as addressed in the previous chapter, the NHTS travel diary data is subject to 

survey error in that the data is only correct in so far as the respondents were able to accurately 

identify their origin and destination locations, as well as the time it took for them to travel to 

these locations. Also, considering the sizable amount of activity locations, we did not do any 

groundwork to verify the accuracy of the HERE activity dataset. Despite the limitations 

discussed above, this accessibility analysis, focusing on the travel behavior of individuals in an 

MSA area, adds new insights to aging populations’ accessibility to vital opportunities. TGDE 

was used to create activity spaces for different age cohorts and then extended to incorporate 

measures of individual accessibility across age groups. This analysis offers an accessibility 

framework providing those interested in aging populations a means of analyzing inequitable 

accessibility to a number of activities.  

Essentially, this examination discovers that as long as older adults (age 65 and older) are 

able to travel via automobile, they do in fact have access to a number of opportunities when 

compared to younger adults. As such, aging in place may not be as big of a concern. If the 

majority of older adults reside in suburban neighborhoods with few activities, but they are 

exposed to many activities through daily travel, then it can be assumed that they have sufficient 

access despite their home locations. On the other hand, adults aged 50-64 had the least 

accessibility compared to all age groups. This is concerning because in 2009, when the survey 

was conducted, these adults make up the majority of the baby boomer population who are piqued 

to become the largest, oldest generation in history. The findings suggest that these adults are not 

exposed to as many activities as their younger or older counterparts through daily travel. It is not 

entirely clear why this is the case. Essentially, if this pre-retirement group has poor access now, 

holding other effects constant, their access may only get potentially worse as they get older and 

stop commuting. Future work could examine the activity patterns of those adults who commute 

and those who do not and examine whether there are differences in accessibility for those who 

work and those who do not. Another concern is that this study looks primarily at automobile 
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accessibility assuming that older adults will be able to maintain the use of their personal 

automobile or that they will be able to rely on family or friends to transport them via automobile. 

Studies suggest that even after driving cessation occurs in older adults they still rely on the 

automobile as their primary form of transportation (Adler & Rottunda, 2006; O’Neill, 2010). 

Conclusively, more inquiry needs to be done on the differences in activity spaces of those older 

adults who drive themselves and those who are dependent on others to drive them to the 

activities they need to reach.   
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Table 5.1 Accessibility (𝐶!) across Age Cohorts 

 

 

 

Figure 5.1 Locational Accessibility to Grocery Stores for adults aged 18-49 

 

Age	Groups

Grocery	

Store
Library Parks Pharmacy

Post	

Office
Restaurant Hospital

Financial	

Services

Shopping	

(Apparel)

Shopping	

(Other)

18-49 0.1269 0.1043 0.0949 0.1371 0.1187 0.1292 0.0865 0.1469 0.1294 0.1394

50-64 0.1178 0.1042 0.0946 0.1210 0.1073 0.1279 0.1037 0.1287 0.1066 0.1320

65	and	up 0.1340 0.0919 0.0859 0.1284 0.1081 0.1311 0.1008 0.1430 0.1016 0.1275

Cg	Values
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Figure 5.2 Locational Accessibility to Grocery Stores for adults aged 50-64 
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Figure 5.3 Locational Accessibility to Grocery Stores for adults aged 65 and up 
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Figure 5.4 Locational Accessibility to Parks for Adults aged 65 and older 
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Figure 5.5 Locational Accessibility to Shopping (other) for Adults aged 65 and older 
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Figure 5.6 Locational Accessibility to Shopping (apparel) for Adults aged 65 and older 
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CHAPTER SIX  

CHARACTERIZING THE URBAN TRAVEL ENVIRONMENTS ACROSS 

AGE COHORTS USING ACTIVITY SPACES 

Thus far this dissertation has examined the activity spaces across age cohorts in order to 

evaluate differences in mobility and accessibility. In chapter four activity spaces were 

constructed in order to identify differences in mobility based on travel patterns. Results indicated 

that adults aged 50-64 have less geographic mobility than younger and older age cohorts. 

Chapter five assessed accessibility to a wide range of goods and services across age cohorts 

within the activity spaces constructed in chapter four. Here it is discovered that, compared to 

other age groups, adults aged 50-64 have the least accessibility to opportunities within their 

activity spaces.  Essentially, it appears that adults nearing retirement have lower geographic 

mobility and lower accessibility compared to older and younger adults.  The reasons for this are 

unclear, which leads us to the goals of this chapter. Chapter six is interested in understanding the 

urban environments in which age cohorts conduct most of their automobile travel. One 

possibility for the lower accessibility scores assigned to adults aged 50-64 is that they may be 

less or more likely to travel through neighborhoods with specific characteristics, which 

ultimately effects the types of opportunities they are accessible to along their travel paths. In this 

chapter the socioeconomic, demographic, and built environment characteristics of activity spaces 

are examined across age cohorts in order to assess whether or not these characteristics may 

possibly influence exposure to activities. Methods are introduced which aggregate TGDE values 

to the census block group level which allows integration with other datasets in order to determine 

characteristics that individuals and groups of individuals are most likely to be exposed. 

Additionally, since chapters four and five have determined that different age cohorts have 

variation in their activity spaces this chapter also provides an exploratory analysis of the types of 

characteristics age cohorts are most likely to be exposed to through travel.  

6.1 Introduction 

Research on aging populations and travel behavior has focused primarily on the potential 

negative effects of ‘aging in place’ (DeGood et al., 2011; Moniruzzaman et al., 2015). This is 
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largely due to the speculation that an increasing population of older adults implies inefficient 

utilization of existing transportation systems and increasing transport related social exclusion 

(Alsnih & Hensher, 2003; Wood et al., 2016). The speculations are based on fears of driver 

cessation and limited transport options when older adults are no longer able to operate their 

personal vehicle. Much of the research focusing specifically on travel behavior of older adults 

emphasizes trip rates and distances or travel mode choice (Adler & Rottunda, 2006; Collia et al., 

2003). At the same time, the travel behavior of aging populations in the context of their actual 

travel paths is better able to define any transport-related issues facing the future of older adults. 

Thus far, this dissertation has focused on constructing and defining activity spaces based on 

automobile trips across age cohorts in order to reveal any differences in geographic mobility and 

accessibility. This dissertation has constructed activity spaces based on the most likely places 

individuals in each age group could travel given their origin and destination locations along with 

their travel time. Based on these activity spaces it has been determined that different age cohorts 

are likely to have different travel patterns within the Orlando MSA. Results indicate that the 

youngest age cohort, adults 18-49, have the greatest geographic mobility and are the most 

accessible to opportunities within their travel environments, while adults aged 50-64 had the 

least geographic mobility and were the least accessible to activities. It is unknown why adults 

nearing retirement have lower geographic mobility and lower accessibility to activities within 

their activity spaces. One possible explanation is that different age cohorts are more or less likely 

to travel through neighborhoods with specific characteristics that may or may not affect the 

opportunities that they are accessible to along their potential travel paths. As such, in this 

chapter, the dissertation will turn its attention to specific characteristics of the travel 

environments of different age cohorts. Here TGDE values will be aggregated to census block 

group geometries in order to evaluate the block groups different age cohorts are most likely to 

travel through. Essentially, this method facilitates integration with other datasets that report 

information at the zonal level. Understanding the urban environments in which different age 

cohorts conduct most of their automobile travel could provide insight into why adults nearing 

retirement have lower geographic mobility and lower accessibility than the other age cohorts. For 

example, if the estimated travel paths or activity spaces of pre retirement adults are located 

primarily in neighborhoods with high residential development and lower commercial 

development this could in turn impact their exposure to shopping opportunities. Not only is this 
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chapter interested in assessing the environmental characteristics of activity spaces in order to 

provide explanation for possible variation in access, but also to assess what age cohorts are 

exposed to within their activity spaces in general. In this way, this chapter provides an 

exploratory descriptive analysis of the different types of built environment and socioeconomic 

characteristics that age cohorts are most likely to be exposed to within their activity spaces.   

Much of the literature has examined the importance of place-based environments for 

issues as diverse as health outcomes, jobs, and poverty outcomes (S. Kim, 2011; H. Miller, 2007; 

Villanueva et al., 2012). In the context of older adults, many studies examine neighborhood 

design and socio-demographic characteristics of home locations in order to assess the 

neighborhoods in which older adults reside (Hess, 2009; Hirsch et al., 2014; S. Kim, 2011; 

Rosenbloom, 2003). These studies mostly emphasize the places where people live, or their home 

locations, but as this dissertation has addressed many times, individuals are exposed to a range of 

other places through their travel environments. As a result, analyses that only consider the home 

location or residential neighborhoods of older adults are only examining a subset of the 

potentially relevant contextual influences on aging populations (M. Jones & Pebley, 2014). 

Another consideration is that in chapters four and five, results indicated that older adults and 

adults nearing retirement are less accessible to opportunities and have limited geographic 

mobility compared to younger age cohorts. Essentially, this chapter will extend chapter five by 

providing additional context in terms of what different age cohorts are exposed to through travel. 

Chapter five looked specifically at exposure to goods and services within activity spaces across 

age cohorts, while this chapter will examine the built environment and socioeconomic 

characteristics within activity spaces across age cohorts.  

There are two distinct goals in this chapter. First, using the activity spaces developed in 

chapter four, this study will examine the characteristics of individuals’ travel environments by 

extending TGDE-C values to the census block group level in order to identify the block groups 

different age cohorts are most likely to travel through. The goal is to facilitate the integration of 

TGDE values with datasets that report information on socioeconomic and environmental 

characteristics at the census block group level. Essentially, this will allow the exploration of 

whether individuals are more likely to travel through areas with specific socioeconomic 

conditions and environmental characteristics. Our second goal is to determine whether the 

characteristics of activity spaces differ across age cohorts. Here the objective is to understand 
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whether there are distinct differences in what older versus younger adults are exposed to through 

automobile travel.  

This research attempts to examine pre-retirement and older adults and their ‘activity 

spaces’, or the spaces individuals are exposed to through travel in the Orlando Metropolitan area. 

In a sense, this study is primarily interested in “aging in activity spaces” rather than aging in 

place. Extending analyses conducted in chapters four and five, this study analyzes trips 

conducted by a sample of older adults using the National Household Survey Florida add on in the 

metropolitan statistical area of Orlando, Florida. Activity spaces are computed using TGDE in 

order to estimate the geographic locations traversed by pre-retirement and older adults from their 

origin and destination trips. Using these activity spaces, we integrate census block group data in 

order to characterize the socio-demographic characteristics within the travel environments of 

aging populations. Ultimately, this analysis helps us to understand the urban environments in 

which pre-retirement and older adults conduct most of their automobile travel and provides new 

insights to aging in activity spaces. 

6.2 Background 

As stressed throughout this dissertation, mobility declines as people age. While it may 

not be declining at the same rate as seen in past generations, mobility is still declining. On 

average, older adults travel shorter distances and less time than younger adults (Collia et al., 

2003). Research has found that some of the factors contributing to this decline include health 

problems, retirement from the work force, and traffic congestion, just to name a few (Adler & 

Rottunda, 2006; D. Metz, 2003). The low mobility of older adults can be contributed to a history 

of land use and transportation policies that favor the automobile as the primary mode of 

transportation. As such, many pre-retirement and older adults reside in suburban neighborhoods 

where a personal automobile is a necessity in order to travel. As adults age, their mobility via 

automobile may decrease for a multitude of reasons, including but not limited to: traffic 

congestion, disabilities, retirement, loss of confidence in ability to drive, etc. The next section 

summarizes recent trends in travel behavior in regard to aging populations and the built 

environment.  
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6.2.1 Aging Populations and the Automobile 

As discussed previously, one of the greatest challenges imposed by the aging of the 

United States’ population is the challenge it poses on the transportation system. Mobility is 

extremely important to quality of life regardless of age and status. The ability to travel and reach 

activities and social connections via the transportation system are important considerations in 

enabling older adults to continue leading productive and healthy lives. As adults age, it has been 

reported that their driving also decreases (S. Kim, 2011; Mercado et al., 2010; Páez, Scott, 

Potoglou, Kanaroglou, & Newbold, 2007). This does not mean that their mobility needs become 

less important or diminished, in fact, their mobility needs may be even greater than those of 

younger adults since they generally make more health related trips and have more time for non-

work activities (S. Kim, 2011). Still, it should be noted that pre-retirement or baby boomer adults 

(defined in this dissertation as adults aged 50-64) have historically behaved differently than older 

adult generations preceding them (B. W. H. Frey, 2011; Siren & Haustein, 2013). Therefore, it is 

imperative to develop policies to help the increasing number of older people maintain the 

necessary mobility in an aging society, but at the same time considering that future older adults 

may not behave the same as the older adults of today (Habib & Hui, 2016; Siren & Haustein, 

2016). 

Previous studies have identified various personal, household, and environmental factors 

associated with mobility in terms of trip frequency, trip distance, and travel time (S. Kim, 2011).  

One of the strongest predictors of mobility has been access to a personal automobile. Studies 

have found that older adults rely on the personal automobile for more than 90% of their 

transportation needs (Collia et al., 2003; S. Kim, 2011). Particularly in the U.S., the automobile 

is the most preferred form of transportation among older adults and baby boomers, while public 

transit is the least preferred (Burkhardt & McGavok, 1996; B. W. H. Frey, 2011; S. Kim, 2011). 

The unpopularity of public transit among these age cohorts can be attributed to a multitude of 

factors, one of which is the fact that most transit facilities do not operate in low-density suburban 

communities where the majority of older adults and baby boomers tend to reside within the 

United States (DeGood et al., 2011; Engelhardt, 2006; B. W. H. Frey, 2011; Schaefer, 2015). In 

these neighborhoods, when older adults succumb to drivers’ cessation they typically rely on 

family and friends for their transportation needs via the personal automobile (S. Kim, 2011).  
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Currently, urban sprawl greatly increases the length of trips and makes alternative modes 

of transportation uncompetitive so that older adults would still prefer the automobile even when 

they are not driving (Cao, Mokhtarian, & Handy, 2010).  To date, many studies have examined 

older adults and how their travel behavior is impacted by the neighborhoods in which they live in 

terms of whether they have access to public transportation or the ability to walk to goods and 

services (Cao et al., 2010). While this line of research is valuable and there are multiple benefits 

to promoting neighborhood design built on the principles of pedestrian and transit friendly 

policies, at the same time many of these solutions are not economically feasible for most cities 

within the United States. With that said, planning for the mobility and accessibility of older 

adults should ultimately focus on maintaining their accessibility overall, including the 

automobility of older adults. 

6.2.2 Travel Environments and Aging in Activity Spaces 

Research interested in aging populations, travel behavior, and neighborhood effects has 

focused largely on their residential neighborhoods and home locations. These studies have 

examined the built environment surrounding aging populations when attempting to understand 

travel behavior. Density, land-use mixture, access to various opportunities and access to 

transport facilities are factors that have been explored in recent literature (S. Kim, 2011; 

Newbold et al., 2005).  Density, diversity, and design (Robert Cervero & Kockelman, 1997), 

otherwise known as the 3Ds have been identified as factors of travel. Typically, research has 

attempted to explain or determine mode choice based on the 3Ds, where those who live in 

compact, dense cities with mixed land use are more likely to use non-motorized forms of 

transportation, while those who live in suburban neighborhoods drive more, take transit less, and 

walk less (Robert Cervero & Kockelman, 1997). In the context of older adults in the United 

States, the majority of older adults live in suburban neighborhoods with low density sprawl and 

rely almost exclusively on the personal automobile for travel (Lynott & Figueiredo, 2011).  

It should also be noted that due to retirement, the physical effects of aging, changes in 

lifestyle, etc. that older adults may respond differently to the built environment compared to 

other generations (Feng, 2016; Páez et al., 2007). Since older adults tend to be retired and no 

longer commute to work, many of their trips are non-work related. As a result, the mobility 

patterns of older adults are more sensitive to the locations of goods and services which 
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necessitates the need for more research on how the built environment impacts older adults’ travel 

behavior (Páez et al., 2007). 

As previously stated, ‘aging in place’ has been a major concern for those interested in the 

future of aging populations. Researchers have found that only a small percentage (5% of adults 

aged 55 and older) of older adults will relocate to different neighborhoods after they retire 

(DeGood et al., 2011). The socioeconomic characteristics of neighborhoods and their effects on 

the populations that reside within them have been known to have an impact on multiple 

outcomes. For example, research has cited neighborhood characteristics as a factor in a diverse 

array of adult outcomes including health, political behavior, and travel behavior (Choi & Suzuki, 

2013; M. Jones & Pebley, 2014; Saarloos et al., 2009). Essentially, this body of research is 

implying that where adults spend time has important consequences on health and well-being (M. 

Jones & Pebley, 2014). Exposure to physical and social environments are important components 

in describing how people interact with their surroundings.  

Figure 6.1 is a simplified depiction of the difference between what can be captured in a 

home environment compared to a full activity space. Research on neighborhoods and 

neighborhood environments has largely focused on residential or home locations, but it should be 

noted that people are exposed to many other places through their travel—including older adults. 

In other words, older adults potentially interact with a variety of socio-spatial environments on 

their journeys to shopping, social, and medical facility locations. As a result, those interested in 

only the neighborhood locations of individuals are only examining a subset of the environmental 

influences that people tend to be exposed to on a day-to-day basis.  

Thus, many studies only consider a subset of the spatial environment affecting 

individuals (Hess, 2009; Moniruzzaman et al., 2015; Newbold et al., 2005; Seung et al., 2014). 

For example, Kemperman, et al. (2014) examine green spaces within the direct living 

environment of older adults in order to assess influences on social contacts between neighbors. 

What is not considered in this study is the many green spaces older adults travel to outside of the 

vicinity of their home locations and the social contacts that may be formed at these locations.  

Studies have shown that older adults, much like the rest of the general population, travel 

outside of their neighborhoods to access shopping, health facilities, and social connections 

(Moniruzzaman et al., 2015; Winters et al., 2014). As a result older adults are exposed to a 

variety of characteristics outside their home locations. Pre-retirement adults, on the other hand, 
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are still typically engaged in work-based trips and thus may be exposed to different 

characteristics in their own travel environments (Miranda-Moreno & Lee-Gosselin, 2008; Siren 

& Haustein, 2013). While ‘aging in place’ is an important concept discussed throughout the 

literature on aging populations, ‘aging in activity spaces’ is perhaps just as important. Since most 

adults choose not to relocate after retirement, changes in what they are exposed to residentially 

may not be impacted as much as changes in what they are exposed to through travel. As such, 

one of the aims of this chapter is to characterize any differences in the travel environments that 

may exist across the activity spaces of older adults and pre-retirement adults.  

Many studies have used concepts related to activity spaces to explore the physical and 

social characteristics of the places individuals are exposed to through travel (Browning & Soller, 

2014; Burgoine & Monsivais, 2013; Curtis, Babb, & Olaru, 2015; Villanueva et al., 2012). Many 

of these studies have focused on how activity spaces expose individuals to different types of 

environments. Specifically, Burgoine and Monsivais (2013) characterize food environment 

exposure at home, work, and along commuting routes using travel diary data from a sample of 

respondents aged 18 to 60 residing in Cambridgeshire, UK. This study examines food outlets 

around home, work, and along the shortest path travel routes to and from home/work locations. 

They concluded that relying solely on residential neighborhood food exposure greatly 

underestimated total exposure to food opportunities along travel routes. Widener, et. al. (2013) 

also examine food environments outside of residential neighborhoods using urban commuting 

data to calculate a spatiotemporal accessibility measure (M. J. Widener et al., 2013). Using 

traffic analysis zones within the city of Cincinnati, OH, accessibility to food stores within home 

and work TAZ locations along commuting routes were computed for automobile traveling 

residents. Results signified that some TAZ residents have more access when accounting for their 

commuting behavior than when just examining access from their home location (M. J. Widener 

et al., 2013).  

Another study used travel diaries from a sample of residents in Los Angeles County in 

order to compare residential neighborhoods and activity spaces (M. Jones & Pebley, 2014). They 

characterize the socioeconomic conditions of neighborhoods and activity spaces using census 

data and results indicated that individual characteristics were closely associated with home and 

activity space characteristics (M. Jones & Pebley, 2014).  
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These studies did not look specifically at aging populations, but the results of these 

studies suggest that activity spaces are just as important as residential locations in the context of 

social and physical exposure to individual environments.  

Chapters four and five both stress the importance of the activity space in the context of 

older adults. While chapter four computes activity spaces to examine the mobility and 

geographic extent across age cohorts, chapter five assessed access to a variety of goods and 

services within these same activity spaces across age cohorts. This chapter will conduct an 

exploratory analysis evaluating the socio-demographic and built environment characteristics 

different age cohorts are exposed to within their activity spaces. This study is ultimately 

interested in characterizing the urban travel environments across age cohorts and assessing 

whether there are any notable differences. Findings will inform research that is concerned with 

travel behavior and aging populations.  

Modeled after a number of studies interested in evaluating the mobility characteristics of 

older and pre-retirement adults, this chapter assesses variables related to the built environment 

and specific socioeconomic attributes. Kim, et. al. (2011) identify land use, entropy index, and 

street infrastructure as important factors associated with the travel behavior of older adults (S. 

Kim, 2011). Another similar study also uses the same factors when examining the influence of 

built environment on travel behavior of the elderly and pre retirement adults (Feng, 2016). 

Population density, housing units density, and vehicle access are also examined as part of the 

neighborhood environment of aging adults. All of these factors were chosen here due to their 

association with older adults’ transport mobility. Jones and Pebley conduct a study interested in 

comparing the home locations and activity spaces of a sample of adults residing in Los Angeles, 

California (M. Jones & Pebley, 2014). Specifically, they identify the proportion of low-income, 

white, African American, Hispanic, and foreign-born residents travelers are exposed to within 

their activity spaces versus the proportion of low income, white, African American, Hispanic, 

and foreign born residents they are exposed to in their home locations. For our purposes, this 

study uses similar variables in order to assess the different socioeconomic variables age cohorts 

are exposed to through their daily travel.  

While there have been a number of studies that focus on characterizing travel 

environments, to date, there have been no such studies that look specifically at older adults. The 

aims of this study are to assess whether there are differences in the socioeconomic and built 
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environment characteristics across age cohorts. While there have been a number of studies on the 

travel behavior of older adults that specifically examine various factors associated with mobility, 

such as trip frequency, trip distance, and travel time, there has been limited discussion on what 

older adults are exposed to through their actual travel. In addition, many studies concerned with 

older adults only examine the area surrounding their home locations while ignoring all of the 

locations they are exposed to through travel. As such, this study will be the first to investigate the 

built environment and socioeconomic factors within activity spaces across age cohorts.  

6.3 Methods and Data 

6.3.1 Activity Spaces and Neighborhood Characteristics 

Activity spaces in this study are defined using the TGDE method explained in detail in 

chapter four. Recall that each node on a street network is assigned a TGDE value for each age 

cohort. These TGDE values represent the location that a member of an age group is most likely 

to be while traveling given their spatial and temporal constraints. Activity spaces will be 

computed for each individual across the previously identified age cohorts: adults aged 18-49, 50-

64, and 65 and older. Once again, the actual travel paths of individuals participating in the NHTS 

survey are unknown.  

TGDE is used as a tool to interpolate the routes that individuals may have taken when the 

home and destination locations are known, along with the time it took for the individual to travel 

from one location to another. Figure 6.2 showcases an example of the TGDE values computed 

for one trip reported by a hypothetical traveler. The red dots represent the origin and destination 

locations. The hypothetical traveler reported that it took them twenty minutes to reach their 

destination from their origin location. After computing the TGDE values for each node it is 

possible to see the paths this traveler may have taken given their spatial and temporal constraints. 

Darker green shadings indicate the places the traveler was most likely to have been along their 

journey. In Figure 6.3 the same TGDE values assigned to network nodes are depicted along with 

census block group geography.  

The aim of this chapter is to assess the environmental characteristics that different age 

cohorts are most likely to be exposed to through their activity spaces. In all analyses, the same 

socio-demographic characteristics will be examined as reported in the American Community 
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Survey as well as built environment characteristics. The census block group will serve as a proxy 

for neighborhood boundaries and multiple characteristics will be assessed according to its 

geographic confines.  In order to facilitate this analysis, TGDE values must be extended to the 

census block group geometry in order to allow easy comparison and integration with data 

reported at the census block group level. Essentially this analysis will determine the census block 

groups that an individual is most likely to travel through in order to determine the characteristics 

associated with a given census block group that they are most likely to be exposed. Most 

statistics (demographic, land use, etc.) are aggregated under administrative boundaries (census 

geometries), which means that the integration of line or point based-data presents more 

inconvenience than extending the information to the whole surface. Similar zonal analyses have 

been conducted using a continuous surface where line or point segment geometries are converted 

to a continuous pixel based geometry and then aggregated to the census block group level in 

order to allow integration with a variety of datasets (Cebrecos et al., 2016). While aggregating 

TGDE values to the block group level does result in individual information being lost, there are 

numerous benefits of aggregation (Cebrecos et al., 2016; Kamenjuk, Aasa, & Sellin, 2017; 

Tribby, Miller, Brown, Werner, & Ken, 2016). Kamenjuk, et. al. (2017) argues that it is 

important to contextualize individual data so that comparisons can be made with other datasets. 

A recent study conducted in Halifax aggregates individual walking traces to census tracts in 

order to compare neighborhood characteristics reported at the census tract level to walking 

density (Neatt, Millward, & Spinney, 2016). Here TGDE values are aggregated to the census 

block group level to facilitate similar integration with other datasets. Details of how this is done 

are outlined below. 

First, TGDE values are originally reported in the form of nodes or points along a street 

network. For each census block group, there are a group of nodes within the boundaries of the 

census block group geometry assigned TGDE values. In order to aggregate TGDE values to the 

census block group level the average of all TGDE nodes within a given census block group is 

computed for all census block groups. While there may be specific areas within a census block 

group that have very high TGDE values and areas within the same block group that have very 

low values, taking the average of all nodes provides an accurate representation of the likelihood 

that a traveler will travel through the block group as a whole. Essentially, TGDE produces a 

value at each census block group that will be the highest at the block group an age cohort is most 
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likely to travel and decreasing at each census block group an individual is least likely to travel.  

This can be seen in Figure 6.4. Census block groups with darker green shadings are the block 

groups that the traveler was the most likely to have traveled through given the twenty-minute 

time budget. TGDE values are aggregated to the census block group level by taking the mean of 

all TGDE assigned nodes within a census block group for each age group. 

 

𝐵! = 
!!"!

!
                        (6.1) 

   

Here 𝐵! refers to the average TGDE value at each census block group (h) where 𝐶!" is the 

TGDE score at each node, k, for each age cohort. TGDE assigns and ranks values based on all of 

the places an individual could potentially travel when their time budget, origin, and destination 

locations are known. By assigning census block groups a mean TGDE value, this study is able to 

determine the most likely census block groups an individual could visit. Thus, a census block 

group with a higher mean TGDE score would be a place that an individual is more likely to visit. 

Additionally, TGDE-C values can also be aggregated to the census block group level in order to 

identify the most likely census block groups that age cohorts travel through. Essentially, 

aggregating TGDE-C scores to the census block group level allows us to quantify activity spaces 

across age cohorts so that comparisons can be made with the environmental and socioeconomic 

characteristics associated with census data. Attempts at interpolating TGDE values to the census 

block group level in order to identify the census block groups that are most likely to be traveled 

through is best computed by taking the average TGDE values of all nodes within a given census 

block group. This method overcomes the limitation of binary definitions present in analyses 

based on fixed geographic boundaries (for example, studies that simply count the number of 

times a traveler or group of travelers visits a census block group) (Cebrecos et al., 2016). TGDE 

allows smooth transitions across administrative boundaries, which reflect the reality of urban 

environments better.  In other words, because TGDE estimates the potential path of travelers 

each node on a network is assigned a value (in order of most and least likely to visit), so 

depending on road network geometry, nodes directly outside and inside a census block group 

will have similar values.  Additionally, when these values are averaged across census block 

group geometries extreme high or low values within the census block group are smoothed over 
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allowing for a more accurate estimate of the likelihood a person or groups of people will travel 

through the census block group as a whole.  

This study also takes into account the home census block groups of survey respondents. 

Essentially, this will allow comparison of survey respondents’ home census block groups to the 

census block groups they are most likely to travel. Home locations will be defined as the census 

block groups in which the survey respondents reside. There is home location information on each 

respondent in the NHTS Florida Add on. Jones and Pebley (2014) use a similar proxy for home 

locations in their analysis where they compare activity spaces with the home census tract of 

survey respondents (M. Jones & Pebley, 2014). If the places individuals are more likely to travel 

through compared to the home census block group differ substantially for aging populations, 

then these finding may promote concerns about ‘aging in place’ in that once adults lose their 

ability to operate there own personal vehicle, their social and physical environments may change 

drastically if they are not exposed to as many places through travel. By including information on 

the home census block group it allows evaluation of whether age cohorts are exposed to a 

broader or narrower range of environmental characteristics compared to their home locations. 

6.3.2 Socioeconomic Characteristics 

The socioeconomic characteristics that this chapter will focus on in terms of 

characterizing activity spaces across age groups are: total population density, housing units 

density, the proportions of White, African American, and Hispanic populations, the proportion of 

adults aged 18-49, 50-64, and 65 and older, the proportion of households below poverty, the 

proportion of households receiving public assistance, the proportion of renter occupied houses 

and the proportion of households without a vehicle. Many of these attributes have been used in 

previous studies interested in characterizing activity spaces (M. Jones & Pebley, 2014).  Total 

population density and housing density helps to characterize whether age groups are more likely 

to travel through areas that are more or less densely populated, which could impact the exposure 

age cohorts have to certain types of neighborhoods. Information on the proportions of individuals 

of specific race, income, and vehicle access assist in helping to identify whether specific age 

cohorts are more likely to travel through areas with higher or lower proportions of vulnerable 

populations.  
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Jones and Pebley (2014) argue that it is important to assess these socioeconomic 

characteristics due to factors relating to social isolation. For example, spatial isolation of the 

affluent is likely to increase the concentration of resources in affluent neighborhoods because 

wealthier communities are more efficient at obtaining amenities such as street maintenance, 

farmers markets, shopping opportunities, etc. (M. Jones & Pebley, 2014). If it appears that age 

cohorts actively avoid particular neighborhoods of specific demographics there may be 

underlying reasons for the avoidance, such as limited resources in those areas. The aim of this 

chapter is to examine the degree of exposure to these demographic characteristics within activity 

spaces.  Comparing the information provided on home locations to the areas where age cohorts 

are more likely to travel can provide insight into whether certain age cohorts are exposed to 

more, less, or the same characteristics as their homes via their activity spaces. The extent to 

which age groups encounter neighborhoods with similar income levels, ethnic composition, etc. 

similar to or different from their own may provide insight into the degree of contact and isolation 

they experience through activity spaces.  

6.3.3 Built Environment Characteristics 

Researchers interested in road environments in the past have examined roadway 

characteristics by quantifying road segment and node density (Boarnet & Crane, 2001; Ewing & 

Cervero, 2001; S. Kim, 2011; Wood et al., 2016). Here the 2010 NAVEQ streets file is used to 

estimate roadway density. The number of line segments and intersections (nodes) were 

calculated per acre for each census block group unit within the study area. Activity locations 

described in chapter five will also be utilized, where activity density is computed for each census 

block group. Additionally, this study is interested in the diversity of land use found in 

neighborhoods where age groups potentially travel.  

While chapter five examined the accessibility across age cohorts to a variety of activities, 

in this chapter the land use diversity will be assessed at the census block group level. An entropy 

index similar to the one found in Cervero and Kockelman (1997) is utilized, where an entropy 

score is assigned to each census block group. Seven land use types (Figure 6.5) with the highest 

relevance for resident’s daily activities are included: residential, commercial, public, industrial, 

institutional, retail and office, and parks and recreational use.   
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𝑠 = −
[!!"×ln(!!")]

ln(!)!                                       (6.2) 

 

For this equation, s refers to land use mix (entropy), z indicates the type of land use, y is 

the specified census block group, and 𝑃!" is the proportion of land use z within the census block 

group. The entropy scores range from 0 (non-mixed or only one type of land use) to 1 (mixed or 

evenly distributed proportions of all land use types) and is depicted in Figure 6.6.  

Interquartile ranges for the average TGDE values across census block groups are 

presented along with the average value for each built environment and socioeconomic 

characteristic. Using these metrics allows an understanding of the types of characteristics each 

age group is exposed to within the neighborhoods they are more likely to traverse. Along with 

interquartile ranges, the average value (weighted by the number of respondents) for each built 

environment and socioeconomic characteristic of respondents’ home location, census block 

group is also considered. Including information on residential locations allows for evaluation 

across the places age cohorts are most likely to travel versus their home locations.  

Additionally, an exploratory data analysis will be performed using Pearson’s Correlation 

to test for possible relationships between the mean TGDE values for age groups and specific 

socioeconomic and built environment characteristics of census units. The correlation coefficients 

will describe the relative relationship between activity spaces and exposure to socioeconomic 

and built environment characteristics across age groups. For example, this would let us test the 

hypothesis that people of a specific age group are more likely to travel through locations that are 

more densely populated or locations that have lower proportions of populations receiving public 

assistance. 

6.4 Results and Discussion 

Beyond the trip origins, destinations, travel budget, and age characteristics, this study 

does not look specifically at any other traveler characteristics. This study was motivated by the 

question: what kind of environments are older adults more likely to be exposed to through their 

daily travel? As stated previously, activity spaces were constructed using TGDE to interpolate 

potential paths between origins and destinations of travelers. This study goes beyond the existing 

literature by examining built environment and socioeconomic characteristics of older adults’ 
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activity spaces (DeGood et al., 2011; Kemperman & Timmermans, 2014; S. Kim, 2011; 

Moniruzzaman et al., 2015; Newbold et al., 2005; Wood et al., 2016). Figure 6.7, depicts the 

mean TGDE values for each census block group in the Orlando MSA for individuals from the 

age group 18-49. Darker green shadings indicate the census block groups that individuals from 

this age group are more likely to travel through.  

Figures 6.8 and 6.9, showcase the mean TGDE values of census block groups for age 

groups 50-64 and 65 and older. For all age groups it appears that the highest average TGDE 

values across census block groups occur in the central area of the Orlando MSA. There is some 

variation in the outer areas of the Orlando MSA in terms of the likelihood one age group is to 

travel through a census block group. For example, adults 50-64 and adults 65 and older appear to 

have higher average TGDE values for census block groups in the western and eastern portions of 

the Orlando MSA, while adults 18-49 have a higher average value in the census block group 

towards the southern portion of the Orlando MSA. These figures essentially highlight the visual 

differentiation of travel paths across each age group. 

There are many areas traversed by adults aged 50 to 64 outside the central city that have 

higher TGDE intensities than areas traversed by younger age groups outside the central city. 

Figure 6.10 provides an illustration of the census block group geographic area that received the 

highest average TGDE score intensities for adults aged 50 to 64. The city of Oviedo is a well-

known smaller suburban community on the outskirts of Orlando. Many of its residents commute 

to other areas throughout the Orlando MSA. For example, Oviedo is home to many faculty and 

staff of the University of Central Florida. Oviedo offers many shopping opportunities in close 

proximity to neighborhoods, so residents do not have to travel farther into larger communities. 

Figure 6.11 depicts a map of the Leesburg area along with the average TGDE values of 

adults aged 65 and older across census block groups. Leesburg is a smaller community located in 

the western geographic area of the Orlando MSA. There are an abundance of age-restricted 

communities within the city, and the population of adults 65 and older is higher than other areas 

at 26.2%. Lastly, Figure 6.12 showcases an area closest to the central city that received some of 

the highest average TGDE intensities. Altamonte Springs is at the center of this suburban city, 

with smaller sprawling communities spread throughout the area. There is an abundance of 

activities and shopping opportunities within the area so that residents do not have to travel 

outside of their community. Travelers who pass through this area are exposed to a multitude of 
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activities along their estimated paths, such as financial, shopping, and grocery opportunities. By 

contrast, the smaller communities of Leesburg and Oviedo are somewhat separated from the 

continuous and abundant urban sprawl that spreads from the city center.  

Next, the average TGDE values across census block groups for each age cohort were 

stratified by quartiles. This allows for a comparison of travel environment characteristics across 

the census block groups that had the highest, medium-high, medium-low, and lowest average 

TGDE values. For each quartile the average built environment characteristic was computed 

across census block groups and is presented in Table 6.1. The land use density was weighted by 

the size of each census block group in order to control for varying census block group sizes. 

Additionally, the average built environment characteristic was also computed for the home 

locations of travelers across each age group.  

By stratifying the average TGDE values assigned to census block groups across age 

cohorts, this analysis is hoping to isolate differences in characteristics that older adults are more 

and less likely to be exposed to through travel. Additionally, the goal is to identify differences 

across age cohorts as well as differences compared to home locations. As stated previously, 

comparing the places age cohorts are more likely to traverse through to their home census unit 

allows us to determine whether certain age cohorts are exposed to more, less, or the same 

characteristics through travel. Examining the residential density of the higher quartile range, it 

appears that adults aged 50-64 are exposed to higher densities (0.50) compared to older (0.47) 

and younger (0.46) adults. Average residential density values appear to decrease across all age 

groups for the lower quartile range, yet younger adults have the lowest average residential 

density at 0.33 for their lowest quartile census units. Adults 65 and older have a lower average 

residential density (0.44) within their home census block groups, while the census block groups 

they are more likely to travel through has a higher residential density (0.47). Perhaps this means 

that the places older adults live have other types of land use, while the places they tend to travel 

through are more residential.  

For parks and recreation, industrial, institutional, and commercial average densities, there 

does not appear to be much variation across the quartiles, home locations, or across age groups. 

Meaning that all age groups are exposed to the same amount of these built environment 

characteristics through their travel and they do not appear to be more exposed to these 

characteristics in places they are more likely to have traversed through. Interestingly, the average 
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streets and nodes density that adults aged 50-64 are exposed to decreases across the average 

TGDE value interquartile range while for older and younger adults these densities increase. For 

all age groups’ home census units, the average node density is 0.20 and the average street 

segment density is 0.28. Yet for older adults’ higher quartile census units the average node 

density is 0.24 and the average street density is 0.37. Similarly, for younger adults’ higher 

quartile census units the average node density is 0.27 and the street segment density is 0.41. Yet 

for pre-retirement adults’ higher quartile census units the average node density is lower than the 

home census units at 0.16 and the average street density is 0.24. This observation leads to the 

assumption that pre-retirement adults are more likely to traverse through areas with less street 

infrastructure than other age groups.  

The entropy index for the home locations of younger adults and adults aged 50 to 64 is 

0.43, yet for the census units in the higher quartile the entropy index is higher for both younger 

adults (0.47) and adults aged 50 to 64 (0.48). This means that there is more land use mix in the 

census units that are more likely to be traversed by these age groups than their home census 

units. Compared to younger and pre-retirement adults, older adults have the highest entropy 

index (0.45) for their home locations and the lowest entropy index (0.46) for their higher quartile 

census units. Conclusively, overall, when examining the table there does not appear to be much 

variation in the values for home census units across age cohorts, meaning that the home census 

units tend to have similar characteristics across age groups. On the other hand, for the higher 

quartile census units across age groups there does tend to be some variation across age groups, 

meaning that there are differences in the places age groups tend to travel.  

We now turn our attention to the socio-demographic environmental characteristics 

presented in table 6.2. These specific classes were chosen based on the study conducted by Jones 

and Pebley (2014) whose goal was to assess the socioeconomic characteristics of activity spaces 

for groups of travelers. The Jones and Pebley study looks specifically at foreign and non-foreign 

born populations, while our aim is to assess age groups. Race, income, age characteristics, and 

information on vehicle access are included to inform the extent of exposure to these 

characteristics.  

 Across all age groups there does not appear to be much variation in the average 

population density values where the highest population density values were computed for the 

highest quartile range. These values appear to decrease for all age groups across quartiles. So all 
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individuals are more likely to have traveled through census block groups with higher population 

densities. These observations are also true for housing unit densities. Interestingly, all age 

cohorts have less average population density and housing density values for their home census 

units. This could be interpreted that most individuals within these age groups tend to reside in 

less populated census block groups but through travel they are exposed to more densely 

populated areas.  

Turning attention to the racial characteristics, it appears that older adults and adults aged 

50-64 have higher proportions of white residents residing in census block groups that fall in the 

higher quartile ranges, 77.3% and 76.3% respectively, and less proportions of white residents in 

lower quartile ranges, 69.4% and 71.0%. Additionally, they have the highest average proportion 

of white adults residing in their home census block group locations (78.7% for older adults and 

78.0% for pre-retirement adults). Adults aged 18-49 have lower proportions of white residents 

(74.8%) in their higher quartile range, while they have higher proportions (76.7%) in the lower 

quartile range. Examining the average proportion of African American residents across the 

quartile ranges adults aged 50-64 and older adults have lower proportions in their highest 

quartile, 13.2% for both age groups, while the opposite is true for adults aged 18-49 (19.8%).  

This can be interpreted to mean that adults aged 50-64 and older adults are more likely to have 

traveled through census block groups with higher proportions of white residents and lower 

proportions of African American residents. Since their home locations also have higher 

proportions of white residents and lower proportions of African American residents it is possible 

that the nature of their travel paths is such that it matches the racial makeup of their home 

locations. Whereas, for adults aged 18-49 they appear to travel through areas that do not 

resemble their home locations in terms of race.   

Additionally, residents of census block groups are classified into age groups and we can 

discern whether our traveling age groups are exposed to higher or lower proportions of their own 

age cohort through travel. Looking at adults aged 50-64 and adults 65 and older it seems that 

they are exposed to a lower proportion of adults aged 18-49 in the highest quartile range of 

average TGDE values, 41.9% and 39.4% respectively, compared to adults aged 18-49 (47.4%) of 

our sample. This is not surprising, since it is logical that adults aged 18-49 would be exposed to a 

higher proportion of their own age group in the places where they are most likely to travel since 

they probably live in neighborhoods where residents are closer to their age. The same can be said 
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for travelers aged 65 and older who have a higher proportion of residents aged 65 and older in 

their higher quartile range (18.9%) and in their home locations (22.6%) compared to younger and 

pre-retirement adults who have an average of 13.3% and 14.2% of older adults in their higher 

quartile range and an average of 11.9% and 14.3% of older adults in their home locations. There 

does not appear to be much variation between the proportion of residents aged 50-64 across 

quartiles and home locations or across age groups.  

Interestingly, the 18 to 49 age cohort appears to be exposed to a higher proportion of 

households below the poverty level in the highest and medium-high quartiles (15.0%), while 

adults 50 to 64 are exposed to a lower proportion (11.3%). Adults aged 18 to 49 are exposed to 

the highest proportion of households without a vehicle in their home census units (4.3%), while 

adults 50 to 64 are exposed to the lowest proportion of households without a vehicle (3.2%). 

Overall, adults aged 18 to 49 are exposed to the most vulnerable socio-demographic 

characteristics through their activity, while adults aged 50 to 64 are exposed to the least. At the 

same time, adults aged 18 to 49 have the least proportions of residents with vulnerable 

characteristics than adults aged 50 to 64. This could be due to the fact that adults aged 50 to 64 

avoid traveling through neighborhoods with these characteristics, while adults 18 to 49 do not. 

Another possibility is that adults aged 50 to 64 may have to travel further from their home 

locations in order to be exposed to higher proportions of these characteristics and the paths they 

choose to travel to and from activities may not expose them to these characteristics.  

To examine the relationship between activity spaces and the built environment and 

socioeconomic characteristics, Pearson’s correlation coefficients are used. Correlations of an age 

group’s mean TGDE score across socioeconomic and built environment characteristics are 

presented using the census block group geographic unit as the neighborhood boundary. Table 

6.3 below depicts the results. One of the major goals of this chapter is to determine whether there 

is a relationship between the activity spaces of older adults and the built environment and socio-

demographic characteristics within the activity spaces. In other words, are older adults more or 

less likely to travel through census block groups with specific characteristics? First, built 

environment characteristics are examined. Across all land use types and age groups there does 

not appear to be a strong significant correlation between land use and the likelihood a specific 

age group would travel through a higher or lower density land use type. Some exceptions are the 

residential and offices land use where there is a moderate significant correlation determining that 
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all age groups are more likely to travel through high density residential or office areas. These 

findings are unsurprising since most individuals probably travel to and from their home 

locations, which are probably located in higher density residential neighborhoods. The stronger 

association with office density could be due to the fact that office locations are sometimes 

located in or adjacent to more residential areas than other non-residential land use types. 

Additionally, TGDE could be assigning intensities along larger and faster that are more likely to 

be traversed, which is also where development is most likely to occur.   

Another exception is the public lands land use where there is a low-moderate correlation 

that all age groups would travel through census block groups with higher public lands density. 

Many of the public lands parcels have a higher acreage and are undeveloped in terms of road 

infrastructure and other types of building development. As a result, individuals may be less likely 

to travel in areas with public lands.  

Examining the correlation between entropy index and the average TGDE values across 

age cohorts it appears that there is a weak significant correlation between these two variables. In 

other words, land use mix does not appear to be associated with whether or not an age group is 

more likely to travel through an area. Since this study is only examining travel behavior via the 

personal automobile it makes sense that land use mix does not predict whether or not someone is 

more likely to travel through an area. A personal automobile allows individuals to have the 

freedom to travel via their most convenient or desired route, so there would be no impetus for 

individuals to choose to travel through higher or lower mixed land use areas. High street segment 

and node density are moderately associated with higher average TGDE values across census 

block groups. This is reasonable given that generally there would be higher densities of road 

infrastructure where people would tend to travel. It should be noted that these results are 

modeled based on the origins and destinations, and shortest path algorithms. A person 

presumably had to make the trip, but the actual path is unknown. All that can be interpreted is 

that these block groups are the most probable based on the shortest path. Given that people tend 

to take the shortest path, this is their likely exposure.  

Now we turn our attention to the socio-demographic characteristics of the neighborhoods 

individuals are most likely to travel through. High population density and housing units density 

are associated with higher average TGDE values across neighborhoods. This mirrors the results 

of the association between residential density, where individuals are more likely to travel through 
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the places where people live because these might be representative of them traveling through 

their own neighborhoods. In addition, there is a positive weak significant correlation between 

renter occupied housing units and the TGDE values across all age cohorts.  

Next we look at the associations between the proportion of resident populations of race 

and average TGDE values across census block groups. For the age cohort of adults 65 and older 

there does not appear to be an association (0.01) between the proportion of white residents and 

average TGDE values. Interestingly, there is a positive weak significant association (0.10) 

between the proportion of white residents and the average TGDE values of adults aged 50-64, 

while contrarily, there is a negative weak significant correlation (-0.13) for adults aged 18-49. 

This could indicate that the baby boomer generation is more likely to travel through 

neighborhoods with higher proportions of white residents, while the opposite is true for adults 

aged 18-49. Looking at the associations between the proportion of African American residents 

and average TGDE values for adults 18-49 there is a weak positive significant correlation (0.19). 

For the other age groups there appears to be no association. From these results we can see that 

adults 18 to 49 are more likely to travel through neighborhoods with higher proportions of 

African American residents and less likely to travel through neighborhoods with high 

proportions of white residents. All age groups and their average TGDE values across census 

block groups appear to have a moderate positive association with the proportion of Hispanic 

residents. This is not surprising since the Orlando MSA has a high proportion of Hispanic 

residents (28.6%). 

Regarding the proportions of age groups and their associations with average TGDE 

values across census block groups, the analyses indicate that there is a moderate positive 

association with all age groups traveling through census block groups with higher proportions of 

residents aged 18 to 49. These associations are only significant for travelers that fall into age 

cohorts 18 to 49 (0.37) and 65 and older (0.18). Since adults 18 to 49 tend to reside in particular 

types of neighborhoods (traditional suburban, urban core, etc.) it makes sense that other age 

cohorts would be exposed to them through travel (Christiansen, Madsen, Schipperijn, Ersboll, & 

Troelsen, 2014). Contrarily, there happens to be a weak negative association (-0.11) between 

older adults traveling through neighborhoods with higher proportions of adults aged 50 to 64. 

This could be due to the fact that older adults might reside in age-restricted communities whereas 

adults aged 50 to 64 reside in more traditional residential neighborhoods (Zegras, Lee, & Ben-
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joseph, 2011). While older adults may be exposed to younger adults through their travel to reach 

desired activities, they may not need to travel through neighborhoods where higher proportions 

of adults aged 50 to 64 tend to reside. Lastly, there is a weak positive significant association 

(0.18) between older adults traveling through neighborhoods with higher proportions of older 

adult residents. This make sense because older adults have been known to travel closer to home 

locations, so if they reside in neighborhoods where there are higher proportions of older adults 

then this would explain the positive correlation (Feng, 2016).   

There is a very weak positive relationship regarding the average TGDE values and the 

proportion of households below poverty level for younger adults (0.07), pre-retirement adults 

(0.05), and older adults (0.08). Regarding the proportion of households with no vehicle access 

there appears to be a significant weak relationship between the average TGDE values for 

younger adults (0.12), adults aged 50 to 64 (0.07), and older adults (0.14). Vehicle access can be 

considered a signifier of low-income (Clifton, 2004), especially in a heavily car dependent metro 

area such as Orlando.  

6.5 Conclusion 

The goal of this chapter was to identify the block groups that age cohorts are most likely 

to travel through in order to examine the relationship between the built environment and socio-

demographic characteristics of travel environments across age cohorts. This was accomplished 

by applying new methods, which allow TGDE integration with other datasets. Chapters four and 

five indicated that adults aged 50-64 had lower geographic mobility and accessibility than other 

age cohorts. Reasons for these findings were unclear, so it was hypothesized that perhaps there 

were differences in travel environment characteristics across age cohorts as well. The aim of this 

study was to quantify and identify differences that could potentially explain the inaccessibility 

faced by adults aged 50-64 and also describe and present an exploratory analysis of 

environmental characteristics across age cohorts.  

This study introduced a novel environmental exposure case study, focused on the types of 

variables age cohorts are more likely to be exposed to through their daily travel. Previous studies 

have focused almost exclusively on the home environment in terms of aging adults, despite the 

fact that older adults are exposed to a range of factors through travel including a variety of land 

uses, more or less densely populated areas, and areas with differing socioeconomic 
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characteristics than their home locations. Here the activity spaces of age cohorts were assessed 

by interpolating the block groups most likely to be visited by age cohorts and integrating these 

finding with other zonal datasets. Findings indicated that all age groups were exposed to higher 

levels of neighborhoods with residential density, population density, and housing units density 

than their home locations or areas they are less likely to traverse. This shows that all age groups 

are exposed to areas where people tend to live rather than other types of areas. Another 

interesting takeaway is that adults aged 50 to 64 were more likely to travel through 

neighborhoods with higher proportions of white residents. This could be due to the fact that they 

tend to travel more in suburban residential neighborhoods where residents are predominantly 

white and avoid areas where residents are predominantly African American (M. Jones & Pebley, 

2014). While many of the associations between travel environment characteristics were 

significant, most of the associations were very weak or moderately strong. This shows that the 

characteristics chosen for this study many not be good indicators or predictors of where 

individuals are more likely to travel via automobile. Additionally, there was very little variability 

in associations across age cohorts. One of the few exceptions is the travel through neighborhoods 

with higher proportions of African American and White residents, but even here the associations, 

while varied across age groups were somewhat weak.  

Still this study offers new insights into the study of activity spaces, travel environments, 

and older adults. Even though studies have found differences in the travel behavior of older 

adults versus younger adults in terms of how far, how much, when and how they choose to travel 

(Habib & Hui, 2016; Moniruzzaman et al., 2015; Rosenbloom, 2003; Winters et al., 2014), this 

study finds that there are no highly discernable differences in the automobile travel environments 

of older adults versus younger adults and baby boomers. Although the findings concerning the 

racial makeup of travel environments do suggest that older adults and pre-retirement adults 

appear less likely to traverse through neighborhoods with higher proportions of African 

American residents.  

Limitations of this study include the uncertainty of the likelihood that a traveler would 

have travelled through a particular census block group. As stated previously, TGDE imputes 

values for the most likely location a traveler could be at specific node locations on a road 

network. This study aggregated these values by taking the average TGDE intensity score for 

each node that fell inside a census block group.  Although there is precedent for this approach in 
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the literature (Burgoine & Monsivais, 2013; Cebrecos et al., 2016; M. Jones & Pebley, 2014; M.-

P. Kwan & Kotsev, 2014), there are a myriad of reasons for why a particular traveler may not 

have followed the imputed routes with the highest assigned intensities, potentially resulting in 

actual travel environment characteristic exposures different from those estimated here.  

As mentioned previously, even though studies have shown that older adults make less 

trips and travel shorter distances than younger adults their travel environment characteristics are 

very similar. At the same time, the results of this study do not help to explain the findings in 

chapters four and five where baby boomers had less geographic mobility and lower access to 

activity locations than younger adults. There appears to be other variables at play that 

consequently interfere with the accessibility scores of baby boomer travelers. As such future 

work should focus on determining why this is the case since travel environment characteristics 

have been ruled out.  

Another consideration is that this study focused on the automobile travel environment 

characteristics across age cohorts because this area remained virtually untouched by others 

interested in the travel behavior of older adults. Much of the research has exclusively examined 

the environmental characteristics of home locations of older adults or the walking environments 

of older adults (DeGood et al., 2011; Kemperman & Timmermans, 2014; S. Kim, 2011; Winters 

et al., 2014). This study does look at the residential locations of survey respondents by assigning 

a census block group as a proxy for their neighborhood and comparing the average attribute 

values for the home locations across age groups. Future work could examine individual locations 

more succinctly without aggregating respondent locations to the census block geographic unit.  

Finally, this analysis only considered the age characteristics of the survey respondents 

and did not control for any other characteristics. Future work could further disaggregate travelers 

by race, sex, income, etc. in order to discern travel environment differences across the socio-

demographic characteristics of survey respondents. Additionally, other modes of trip making 

besides the automobile could also be explored in future analysis.  

In conclusion, this analysis helps us to understand the urban environments in which older 

adults conduct most of their automobile travel and provides new insights to aging in activity 

spaces. Essentially, based on the travel environment characteristics chosen for this study there 

appears to be little variation when considering how adults age in activity spaces. 
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Table 6.1 Average Built Environment Characteristic by Age Cohort stratified by Average TGDE 
value Quartiles and Home Locations 

 

 

Table 6.2 Average Socio-Demographic Environment Characteristic by Age Cohort stratified by 
Average TGDE value Quartiles 

 

Built	Environment	

Characteristics
Low Med-Low Med-High High Home Low Med-Low Med-High High Home Low Med-Low Med-High High Home

Residential	Density 0.33 0.44 0.45 0.46 0.49			 0.40 0.45 0.46 0.50 0.49				 0.40 0.45 0.44 0.47 0.44			

Commercial	Density 0.02 0.03 0.03 0.04 0.03			 0.02 0.03 0.03 0.03 0.02				 0.02 0.03 0.03 0.04 0.02			

Public	Density 0.16 0.14 0.12 0.12 0.13			 0.15 0.12 0.11 0.11 0.12				 0.15 0.14 0.12 0.12 0.14			

Parks	and	Recreation	

Density
0.01 0.02 0.03 0.05 0.03			 0.01 0.02 0.03 0.03 0.03				 0.01 0.02 0.03 0.02 0.03			

Institution	Density 0.02 0.03 0.02 0.03 0.02			 0.02 0.02 0.03 0.04 0.02				 0.02 0.02 0.03 0.04 0.02			

Offices	Density 0.06 0.06 0.08 0.08 0.05			 0.03 0.03 0.04 0.05 0.05				 0.08 0.07 0.07 0.06 0.06			

Industrial	Density 0.01 0.02 0.03 0.03 0.01			 0.02 0.02 0.02 0.02 0.01				 0.02 0.02 0.02 0.02 0.02			

Entropy	Index 0.44 0.46 0.46 0.47 0.43			 0.44 0.45 0.46 0.48 0.43				 0.44 0.46 0.47 0.46 0.45			

Node	Density 0.19 0.23 0.25 0.27 0.20			 0.23 0.24 0.23 0.16 0.20				 0.20 0.24 0.27 0.24 0.20			

Street	Density 0.29 0.36 0.39 0.41 0.28			 0.34 0.36 0.35 0.24 0.28				 0.30 0.37 0.41 0.37 0.28			

18-49 50-64 65	and	older

Socio-Demographic	

Characteristics
Low Med-Low Med-High High Home Low Med-Low Med-High High Home Low Med-Low Med-High High Home

Population	Density 3.40 4.46 4.51 4.89 4.04			 3.20 4.53 4.66 4.86 3.75				 3.33 4.57 4.57 4.84 3.55			

Housing	Units	Density 1.67 2.01 2.16 2.21 1.72			 1.49 2.11 2.18 2.27 1.65				 1.62 2.07 2.09 2.31 1.63			

Proportion	of	White	

Residents
76.7% 74.5% 71.5% 68.8% 74.8% 71.0% 72.3% 71.9% 76.3% 78.0% 69.4% 72.2% 72.7% 77.3% 78.7%

Proportion	of	African	

American	Residents
13.5% 14.4% 16.1% 19.8% 12.9% 17.8% 16.5% 16.3% 13.2% 10.6% 18.7% 16.3% 15.6% 13.2% 10.9%

Proportion	of	Hispanic	

Residents
16.7% 18.3% 23.0% 20.5% 21.3% 17.81% 20.18% 19.80% 20.64% 19.8% 16.3% 19.2% 21.6% 21.3% 18.8%

Proportion	of	Adults	aged	

18-49
39.6% 43.2% 45.6% 47.4% 44.8% 44.3% 46.6% 43.4% 41.9% 43.1% 45.2% 47.7% 43.4% 39.4% 37.7%

Proportion	of	Adults	aged	

50-64
19.8% 19.5% 19.7% 17.7% 19.4% 18.9% 18.6% 19.4% 19.8% 19.7% 19.2% 18.3% 19.5% 19.6% 20.0%

Proportion	of	Adults	65	

and	older
18.5% 15.1% 13.9% 13.3% 11.9% 16.7% 14.2% 15.6% 14.2% 14.3% 13.4% 13.8% 14.6% 18.9% 22.6%

Proportion	of	Households	

Below	Poverty	Level
10.7% 12.5% 15.0% 15.0% 8.4% 12.9% 12.7% 12.1% 11.3% 9.1% 10.8% 12.1% 12.2% 13.9% 9.5%

Proportion	of	Households	

with	No	Vehicle
4.1% 4.9% 6.8% 8.5% 3.2% 4.9% 5.4% 7.3% 6.7% 3.6% 4.4% 5.9% 6.2% 7.7% 4.3%

18-49 50-64 65	and	older
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Table 6.3 Pearson’s Correlation Values of Travel Environment Characteristics Across Average 
TGDE Values (by age cohort) 

 

*Significant at P < .1, **Significant at P < .01, ***Significant at P < .001 

Ages	18	to	49 Ages	50	to	64 Ages	65	and	older	

Built	Environment	Characteristics

Residential	Density 0.26*** 0.24*** 0.16***

Commercial	Density 0.06* -0.04 0.08**

Public	Density -0.23*** -0.16*** -0.15***

Parks	and	Recreation	Density -0.004 -0.08** -0.04

Institution	Density 0.11*** 0.09*** 0.09***

Offices	Density 0.23*** 0.23*** 0.21***

Industrial	Density 0.10*** 0.01 0.08**

Entropy	Index 0.18*** 0.07*** 0.16***

Node	Density 0.40*** 0.41*** 0.40***

Street	Density 0.40*** 0.42*** 0.41***

Socio-Demographic	Characteristics

Population	Density 0.40*** 0.37*** 0.32***

Housing	Units	Density 0.39*** 0.40*** 0.31***

Proportion	of	White	Residents -.13*** .10** 0.01*

Proportion	of	African	American	Residents 0.19*** -0.06* -0.01*

Proportion	of	Hispanic	Residents 0.20*** 0.17*** 0.19***

Proportion	of	Adults	aged	18-49 0.37*** 0.20 .26**

Proportion	of	Adults	aged	50-64 -.04* 0.05* -.11***

Proportion	of	Adults	65	and	older -.10* -.05* .18***

Proportion	of	Households	Below	Poverty	Level 0.07** 0.05* 0.08**

Proportion	of	Households	with	No	Vehicle 0.12*** 0.07*** 0.14***

Average	TGDE	Value



 115 

 

 

Figure 6.1 Difference between Home Location and Full Activity Space 
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Figure 6.2 TGDE Values for One Trip of a Hypothetical Traveler 
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Figure 6.3 TGDE Values Overlaid with Census Block Group Geography 
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Figure 6.4 Average TGDE value for each Census Block Group 
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Figure 6.5 Land Use Types in Orlando MSA 
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Figure 6.6 Entropy Index for Orlando MSA 
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Figure 6.7 Average TGDE Value Across Census Block Groups for Ages 18-49 
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Figure 6.8 Average TGDE Value Across Census Block Groups for Ages 50-64 
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Figure 6.9 Average TGDE Value Across Census Block Groups for Ages 65 and older 
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Figure 6.10 Average TGDE Values of Adults Aged 50 to 64 in the Oviedo Community 
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Figure 6.11 Average TGDE Values of Adults Aged 65 and older in the Leesburg Community 
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Figure 6.12 Average TGDE Values of Adults Aged 65 and older in the Altamonte Springs 
Community 
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CHAPTER SEVEN  

CONCLUSION 

This dissertation extended research that seeks to better understand the complex 

relationships between aging populations and travel behavior by focusing on one of the more 

prevalent topics related to transportation and the future of older adults - the investigation and 

analysis of the connections between aging populations and their activity spaces. Currently, the 

United States is facing a huge demographic shift where over 25% of the living population will be 

over the age of 65 (Moniruzzaman et al., 2015). These changes will have unprecedented and 

unpredictable effects on the current transportation system, as trends indicate that aging adults 

drive more than aging adults in the past.  

Of the many analytical approaches used to explore older adults and travel behavior, this 

dissertation focused on the concept of activity spaces. Traditionally, an activity space is defined 

as the environment individuals are exposed to through their travel (Schönfelder & Axhausen, 

2003). Extensions of the concept of the activity space, like those used in this dissertation, suggest 

that information on the origins and destinations of where people make trips can be used to 

estimate all of the potential places an individual is exposed to through their travel. Specifically, 

this dissertation examined the automobile activity spaces of adults across three age cohorts: 

adults aged 18-49, 50-64, and 65 and older. While much of the research on older adults has 

explored concepts related to aging in place and focused on examining relationships between 

where older adults live and where they travel in the context of their own neighborhoods. This 

research extends past research by exploring the relationships between older adults’ activity 

spaces and their travel environment. Using a method known as time geographic density 

estimation (TGDE), this is accomplished by first examining the automobility across age cohorts, 

then the accessibility across age cohorts, and finally examining the travel environment 

characteristics of activity spaces across age cohorts. The ability to assess what older adults are 

exposed to through their activity spaces helps broaden the understanding of how older adults are 

affected by their travel behavior and can provide planners, government officials, and those 

interested in aging populations knowledge to address prevalent issues related to aging in place, 
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driving cessation, and what older adults will be missing out on when they can no longer operate a 

personal vehicle.  

Motivated by the prospects of providing new insights into the travel behavior of older 

adults, accessibility, and aging in activity spaces, this dissertation developed a methodology to 

assess and evaluate differences in activity spaces across age cohorts. Cumulative time 

geographic density estimation (TGDE-C) presented in chapter four proposes that the activity 

spaces of multiple travelers can be combined in order to assess patterns across groups of 

individuals. Specifically, the activity spaces across age cohorts are examined in this dissertation. 

To glean more information about what kinds of activities travelers are exposed to within their 

activity spaces, chapter five presents an analysis using a density-based accessibility framework 

and chapter six examines environmental characteristics associated with activity spaces across age 

cohorts. The findings and contributions of all three analytical chapters are briefly reviewed in the 

following section.  

7.1 Chapter Overview 

Chapter four examines differences in automobility across age cohorts. As explained 

previously, TGDE is extended via an approach known as TGDE-C, which allows travelers to be 

grouped by age in order to discern differences in activity spaces across age cohorts. The findings 

are somewhat unique compared to other studies examining the travel behavior of aging 

populations in that adults aged 50-64, or adults that predominantly make up the baby boomer 

generation, have less geographic automobility relative to older and younger adults.  Essentially, 

baby boomers are less likely to be in fewer locations than younger and older adults within the 

Orlando MSA. This is surprising, especially when comparing baby boomer travel patterns with 

older adults. Since baby boomers’ trips are predominantly work-related and older adults have 

reached retirement age and are no longer traveling to and from work, one would expect that older 

adults would exhibit smaller activity spaces compared to baby boomers, but this is not the case. 

These findings on pre-retirement adults’ automobility and travel behavior can inform 

neighborhood design, transport and land use policies, and mobility service provision for future 

older adults. Since pre-retirement adults exhibit patterns of less geographic mobility than older 

and younger age groups, this supports the argument that an effort should be made to ensure that 

activities and opportunities are centered around their home locations.   
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Chapter five extended the findings of chapter four by exploring access to a variety of 

goods and services within activity spaces across age cohorts. This chapter has several 

contributions to the understanding of aging populations and the concept of accessibility, or the 

ease with which people can reach their desired locations and activities. This examination 

discovers that, as long as older adults (age 65 and older) are able to travel via automobile, they 

do in fact have access to a number of opportunities when compared to younger adults. If the 

majority of older adults reside in suburban neighborhoods with few activities, but they are 

exposed to many activities through daily travel, then it can be assumed that they have sufficient 

access despite their home locations. On the other hand, adults aged 50-64 had the least 

accessibility to activities compared to all age groups. Once again, this age group makes up the 

baby boomer generation that is piqued to become the largest oldest generation in history. The 

fact that they have the least access to goods and services within their activity spaces is somewhat 

disconcerting and more research should be done to understand why this is the case. 

Chapter six is interested in characterizing the activity spaces of older adults by examining 

the environmental and socio-economic characteristics that different age groups are exposed to. In 

conducting this analysis there is hope that it will lead to some understanding towards the travel 

preferences across age cohorts. TGDE values were aggregated across census block groups so that 

relationships between socioeconomic data could be explored, as well as built environment 

characteristics.  

7.2 Future Work 

While this dissertation explores the environmental characteristics of activity spaces 

across age groups, there is still much more to consider when examining what travelers are 

exposed to on a daily basis. One limitation of the NHTS Florida add on is that travel diary data is 

only collected for a 24-hour period, so patterns and differentiations across days of the week 

cannot be discerned from the data available. Future analyses would use a dataset with more 

complete information where travel surveys were conducted over a long period of time.  

Another consideration is that this dissertation is primarily interested in the automobile 

travel behavior of older adults. Forthcoming studies might examine other modes of travel such as 

transit use, walking, or biking. Additionally, this dissertation did not specify whether individuals 

traveling were driving or passengers along their trips. One possibility is that the travel patterns of 



 130 

older adults who are passengers versus older adults who are drivers could be quite different. 

Future studies examine these trips separately in order to discern any variability in travel 

behavior.  

Additionally, this dissertation only takes into account the ages of survey respondents who 

took trips in a vehicle. There are many other factors and attributes of survey respondents that 

were not considered in this dissertation - specifically, variables such as race, sex, income, 

employment, etc. All of the analyses conducted in this dissertation could be extended further by 

breaking down each age group into demographic classes and examining differences in travel 

behavior not only across age cohort but also across other socio-demographic variables.  

One of the major findings of this dissertation is that adults aged 50-64 have less 

geographic mobility, have lower accessibility, and are exposed to different types of 

socioeconomic and built environment characteristics than younger adults. The reasons for these 

findings are unclear and more work should be done to understand why this variability exists. 

Future work should focus extensively on the baby boomer population specifically instead of 

adults who fall into the category of “older.” Many studies, including this dissertation, have 

shown that baby boomers behave differently than older generations (Mcguckin & Lynott, 2009). 

An effort should be made to understand why baby boomers’ activity spaces do not expose them 

to as much as older or younger adults’ activity spaces. In addition, this study only examines older 

adults in the 65 and older age group. Future studies would seek to disaggregate this population 

further since there could be considerable variation within this age cohort.  

This dissertation is anticipated to contribute to research on aging populations and 

transportation, but also more broadly to policy-driven and decision-oriented applications. It is 

hoped that this dissertation will further our understanding of the automobile patterns of baby 

boomers and older adults and promote policies, discussion, and research that will lead to 

transport solutions regarding such issues as accessibility. The findings and methodological 

framework of this dissertation should be treated as an evolving effort to better contextualize the 

growing aging population and their future transportation needs. This dissertation has provided a 

conceptual framework for understanding ‘aging in activity spaces’ in terms of older and pre-

retirement adults compared to younger adults and has extended knowledge of their automobility, 

accessibility, and travel environments. Generally, it is hoped that the findings of this research 
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will propagate discussion on baby boomers and older populations, their travel environments, and 

issues related to mobility and accessibility.
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APPENDIX A 

INTERNAL REVIEW BOARD (IRB) APPROVAL MEMO 
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APPENDIX B  

INTERNAL REVIEW BOARD (IRB) RENEWAL MEMO 

 



 134 

REFERENCES 

Adler, G., & Rottunda, S. (2006). Older adults’ perspectives on driving cessation. Journal of 

Aging Studies, 20(3), 227–235. http://doi.org/10.1016/j.jaging.2005.09.003 

Ahmed, N., & Miller, H. J. (2007). Time–space transformations of geographic space for 
exploring, analyzing and visualizing transportation systems. Journal of Transport 

Geography, 15(1), 2–17. http://doi.org/10.1016/j.jtrangeo.2005.11.004 

Alsnih, R., & Hensher, D. a. (2003). The mobility and accessibility expectations of seniors in an 
aging population. Transportation Research Part A: Policy and Practice, 37(10), 903–916. 
http://doi.org/10.1016/S0965-8564(03)00073-9 

Apparicio, P., Cloutier, M.-S., & Shearmur, R. (2007). The case of Montréal’s missing food 
deserts: Evaluation of accessibility to food supermarkets. International Journal of Health 

Geographics, 6(4), 4. http://doi.org/10.1186/1476-072X-6-4 

Bailey, L. (2004). Aging Americans: Stranded Without Options. Washington, D.C. 

Bauer, M., Adler, G., Kuskowski, M. A., & Rottunda, S. (2003). The Influence of Age and 
Gender on the Driving Patterns of Older Adults The Influence of Age and Gender on the 
Driving Patterns of Older Adults. Journal of Women and Aging, 15(4), 37–41. 
http://doi.org/10.1300/J074v15n04 

Bhat, C., Handy, S., Kockelman, K., Mahmassani, H., Chen, Q., & Weston, L. (2000). 
Development of an Urban Accessibility Index. 

Boarnet, M. G., & Crane, R. (2001). Travel by Design the Influence of Urban Form on Travel. 
Journal of Planning Literature, 15(1). Retrieved from 
http://trid.trb.org/view.aspx?id=681317 

Brabyn, J. a, Schneck, M. E., Lott, L. a, & Haegerström-Portnoy, G. (2005). Night driving self-
restriction: vision function and gender differences. Optometry and Vision Science : Official 

Publication of the American Academy of Optometry, 82(8), 755–64. Retrieved from 
http://www.ncbi.nlm.nih.gov/pubmed/16127342 

Browning, C., & Soller, B. (2014). Moving Beyond Neighborhood: Activity Spaces and 

Ecological Networks As Contexts for Youth Development (Vol. 16). 

Burgoine, T., & Monsivais, P. (2013). Characterising food environment exposure at home , at 
work , and along commuting journeys using data on adults in the UK. International Journal 

of Behavioral Nutrition and Physical Activity, 10(85), 1–11. 

Burkhardt, J., & McGavok, A. (1996). Tomorrow ’ s Older Drivers: Who? How Many? What 
Impacts? Transportation Research Record, (99), 62–70. 

 



 135 

Burns, L. D. (1979). Transportation, Temporal, and Spatial Components of Accessibility. 
Retrieved from http://trid.trb.org/view.aspx?id=151310 

Cao, X. (Jason), Mokhtarian, P. L., & Handy, S. L. (2010). Neighborhood Design and the 
Accessibility of the Elderly: An Empirical Analysis in Northern California. International 

Journal of Sustainable Transportation, 4(6), 347–371. 
http://doi.org/10.1080/15568310903145212 

Casas, I. (2007). Social Exclusion and the Disabled: An Accessibility Approach∗. The 

Professional Geographer, 59(4), 463–477. http://doi.org/10.1111/j.1467-
9272.2007.00635.x 

Cebrecos, A., Díez, J., Gullón, P., Bilal, U., Franco, M., & Escobar, F. (2016). Characterizing 
physical activity and food urban environments : a GIS-based multicomponent proposal. 
International Journal of Health Geographics, 1–13. http://doi.org/10.1186/s12942-016-
0065-5 

Cervero, R., & Kockelman, K. (1997). Travel Demand and the 3Ds: Density, Diversity, and 
Design. Transportation Research Part D: Transport and Environment, 2(3), 199–219. 

Cervero, R., Rood, T., & Appleyard, B. (1999). Tracking accessibility: employment and housing 
opportunities in the San Francisco Bay Area. Environment and Planning A, 31(7), 1259–
1278. Retrieved from http://www.envplan.com/abstract.cgi?id=a311259 

Charleux, L. (2014). A GIS Toolbox for Measuring and Mapping Person-Based Space-Time 
Accessibility. Transactions in GIS, 19(2), 262–278. http://doi.org/10.1111/tgis.12115 

Chen, J., Shaw, S.-L., Yu, H., Lu, F., Chai, Y., & Jia, Q. (2011). Exploratory data analysis of 
activity diary data: a space–time GIS approach. Journal of Transport Geography, 19(3), 
394–404. http://doi.org/10.1016/j.jtrangeo.2010.11.002 

Chen, X., & Clark, J. (2013). Interactive three-dimensional geovisualization of space-time access 
to food. Applied Geography, 43, 81–86. http://doi.org/10.1016/j.apgeog.2013.05.012 

Chen, X., & Clark, J. (2015). Measuring Space–Time Access to Food Retailers: A Case of 
Temporal Access Disparity in Franklin County, Ohio. The Professional Geographer, 
(August), 1–14. http://doi.org/10.1080/00330124.2015.1032876 

Choi, Y., & Suzuki, T. (2013). Food deserts, activity patterns, & social exclusion: The case of 
Tokyo, Japan. Applied Geography, 43, 87–98. http://doi.org/10.1016/j.apgeog.2013.05.009 

Christiansen, L. B., Madsen, T., Schipperijn, J., Ersboll,  a K., & Troelsen, J. (2014). Variations 
in active transport behavior among different neighborhoods and across adult lifestages. J 

Transp Health, 1(4), 316–325. http://doi.org/10.1016/j.jth.2014.10.002 

Clifton, K. J. (2004). Mobility Strategies and Food Shopping for Low-Income Families: A Case 
Study. Journal of Planning Education and Research, 23(4), 402–413. 
http://doi.org/10.1177/0739456X04264919 



 136 

Collia, D. V., Sharp, J., & Giesbrecht, L. (2003). The 2001 National Household Travel Survey: 
A look into the travel patterns of older Americans. Journal of Safety Research, 34(4), 461–
470. http://doi.org/10.1016/j.jsr.2003.10.001 

Coughlin, J. F. (2009). Longevity, Lifestyle, and Anticipating the New Demands of Aging on the 
Transportation System. Public Works Management & Policy, 13(4), 301–311. 

Curtis, C., Babb, C., & Olaru, D. (2015). Built environment and children ’ s travel to school. 
Transport Policy, 42, 21–33. http://doi.org/10.1016/j.tranpol.2015.04.003 

DeGood, K., Goldberg, D., Donahue, N., & Shoup, L. (2011). Aging in Place, Stuck without 

Options: Fixing the Mobility Crisis Threatening the Baby Boom Generation. Transportation 

of America. 

Downs, J. (2010). Time-Geographic Density Estimation for Moving Point Objects. In 
Geographic Information Science (pp. 16–26). Springer Berlin Heidelberg. 

Downs, J. a., & Horner, M. W. (2012). Probabilistic potential path trees for visualizing and 
analyzing vehicle tracking data. Journal of Transport Geography, 23, 72–80. 
http://doi.org/10.1016/j.jtrangeo.2012.03.017 

Engelhardt, G. V. (2006). Housing Trends Among Baby Boomers. 

Erlander, S., & Stewart, N. F. (1990). The Gravity Model in Transportation Analysis: Theory 

and Extensions. VSP. Retrieved from 
http://books.google.com/books?hl=en&lr=&id=tId3PU1leR8C&pgis=1 

Ewing, R., & Cervero, R. (2001). Travel and built environment: a synthesis. Transportation 

Research Record: Journal of the Transportation Research Board, 1780, 87–114. 

Farber, N., & Shinkle, D. (2011). Aging in Place: A state survey of livability policies and 

practices. 

Feng, J. (2016). The influence of built environment on travel behavior of the elderly in urban 
China. Transportation Research Part D. http://doi.org/10.1016/j.trd.2016.11.003 

Frey, B. W. H. (2011). Baby Boomers and the New Demographics of America’s Seniors. 
Journal of the American Society on Aging, 34(3), 28–37. 

Frey, W. H. (2003). Boomers and Seniors in the Suburbs : Aging Patterns in Census 2000. The 

Brookings Institution. 

Greenberg Raanan, M., & Shoval, N. (2014). Mental maps compared to actual spatial behavior 
using GPS data: A new method for investigating segregation in cities. Cities, 36, 28–40. 
http://doi.org/10.1016/j.cities.2013.09.003 

 



 137 

Guagliardo, M. F. (2004). Spatial accessibility of primary care: concepts, methods and 
challenges. International Journal of Health Geographics, 3(1), 3. 
http://doi.org/10.1186/1476-072X-3-3 

Habib, K. N., & Hui, V. (2016). An Activity-Based Approach of Investigating Travel Behaviour 
of Older People : Application of a Time-Space Constrained Scheduling Model ( CUSTOM ) 
for Older People in the National Capital Region ( NCR ) of Canada. Transportation, 1–19. 
http://doi.org/10.1007/s11116-015-9667-1 

Hagerstrand, T. (1975). Space-time and human conditions. In A. Karlqvist, L. Lundqvist, and F. 

Snickars (Eds.), Dynamic Allocation of Urban Space, Saxon Hous, 3–12. 

Hakamies-Blomqvist, L., & Wahlstrom, B. (1998). Why do Older Drivers Give Up Driving. 
Accident Analysis and Prevention, 30(3), 305–312. 

Handy, H. L., & Niemeier, D. A. (1997). Measuring accessibility:an exploration of issues and 
alternatives. Retrieved August 2, 2012, from 
http://www.envplan.com/abstract.cgi?id=a291175 

Handy, S. L., & Clifton, K. J. (2001). Evaluating Neighborhood Accessibility : Possibilities and 
Practicalities. Journal of Transportation and Statistics, 67–78. 

Hansen, W. G. (1959a). How Accessibility Shapes Land Use. Journal of the American Institute 

of Planners, 25(2), 73–76. http://doi.org/10.1080/01944365908978307 

Hansen, W. G. (1959b). How Accessibility Shapes Land Use. Journal of the American Institute 

of Planners, 25(2), 73–76. http://doi.org/10.1080/01944365908978307 

Hess, D. B. (2009). Access to Public Transit and Its In uence on Ridership for Older Adults in 
Two U . S . Cities, 2(1), 3–27. 

Hirsch, J. a, Winters, M., Clarke, P., & Mckay, H. (2014). Generating GPS activity spaces that 
shed light upon the mobility habits of older adults: a descriptive analysis. International 

Journal of Health Geographics, 1–14. 

Horner, M., & Mefford, J. (2005). Examining the Spatial and Social Variation in Employment 
Accessibility: A Case Study of Bus Transit in Austin, Texas. In D. M. Levinson & K. 
Krizek (Eds.), Access to Destinations. Kidlington Oxford: Elsevier. Retrieved from 
http://trid.trb.org.proxy.lib.fsu.edu/view.aspx?id=781599 

Horner, M. W., & Downs, J. A. (2014). Integrating people and place: A density-based measure 
for asessing accessibility to opportunities. Journal of Transportation and Land Use, In 

Press. 

Horner, M. W., Duncan, M. D., Wood, B. S., Valdez-Torres, Y., & Stansbury, C. (2015). Do 
aging populations have differential accessibility to activities? Analyzing the spatial structure 
of social, professional, and business opportunities. Travel Behaviour and Society, 2(3), 182–
191. http://doi.org/10.1016/j.tbs.2015.03.002 



 138 

Horner, M. W., & Wood, B. S. (2014). Capturing individuals’ food environments using flexible 
space-time accessibility measures. Applied Geography, 51, 99–107. 
http://doi.org/10.1016/j.apgeog.2014.03.007 

Horner, M. W., Zook, B., & Downs, J. a. (2012). Where were you? Development of a time-
geographic approach for activity destination re-construction. Computers, Environment and 

Urban Systems, 36(6), 488–499. http://doi.org/10.1016/j.compenvurbsys.2012.06.002 

Hwang, H., Ph, D., Wilson, D., Taylor, R., Chin, S., & Ph, D. (2015). Travel Patterns and 

Characteristics of the Elderly Subpopulation in New York State. Oak Ridge National 
Laboratory. 

Jones, M., & Pebley, A. R. (2014). Redefining Neighborhoods Using Common Destinations: 
Social Characteristics of Activity Spaces and Home Census Tracts Compared. Demography, 
51(3), 727–752. http://doi.org/10.1007/s13524-014-0283-z 

Jones, S. R. (1981). Accessibility Measures: A Literature Review. Transport and Road Research 

Laboratory. Retrieved from http://trid.trb.org/view.aspx?id=168069 

Kamenjuk, P., Aasa, A., & Sellin, J. (2017). Mapping changes of residence with passive mobile 
positioning data : the case of Estonia. International Journal of Geographical Information 

Science, 31(7), 1425–1447. http://doi.org/10.1080/13658816.2017.1295308 

Kemperman, A., & Timmermans, H. (2014). Green spaces in the direct living environment and 
social contacts of the aging population. Landscape and Urban Planning, 129, 44–54. 
http://doi.org/10.1016/j.landurbplan.2014.05.003 

Kestens, Y., Lebel, A., Daniel, M., Thériault, M., & Pampalon, R. (2010). Using experienced 
activity spaces to measure foodscape exposure. Health & Place, 16(6), 1094–103. 
http://doi.org/10.1016/j.healthplace.2010.06.016 

Kim, H.-M., & Kwan, M.-P. (2003). Space-time accessibility measures: A geocomputational 
algorithm with a focus on the feasible opportunity set and possible activity duration. 
Journal of Geographical Systems, 5(1), 71–91. http://doi.org/10.1007/s101090300104 

Kim, S. (2011). Assessing mobility in an aging society: Personal and built environment factors 
associated with older people’s subjective transportation deficiency in the US. 
Transportation Research Part F: Traffic Psychology and Behaviour, 14(5), 422–429. 
http://doi.org/10.1016/j.trf.2011.04.011 

Kostyniuk, L. P., & Shope, J. T. (2003). Driving and alternatives: Older drivers in Michigan. 
Journal of Safety Research, 34(4), 407–414. http://doi.org/10.1016/j.jsr.2003.09.001 

Kwan, M. (1998). Accessibility : A Comparative Analysis Using a Point-based Framework. 
Geographical Analysis, 30(9512451). 

Kwan, M. (1999). Gender and Individual Access to Urban Opportunities: A Study Using Space-
Time Measures. The Professional Geographer, 51, 210–227. 



 139 

Kwan, M.-P., & Kotsev, A. (2014). Gender differences in commute time and accessibility in 
Sofia, Bulgaria: a study using 3D geovisualisation. The Geographical Journal, 181(1), n/a-
n/a. http://doi.org/10.1111/geoj.12080 

Kwan, M.-P., & Neutens, T. (2014). Space-time research in GIScience. International Journal of 

Geographical Information Science, 28(5), 851–854. 
http://doi.org/10.1080/13658816.2014.889300 

Kwan, M., & Weber, J. (2003). Individual Accessibility Revisited: Implications for Geographical 
Analysis in the Twenty-first Century. Geographical Analysis, 35(4). 

Kwon, H. J., Ahn, M., Lee, S., Kim, S., Joo, H., Ahn, M., … Baby, S. K. U. S. (2015). U . S . 
Baby Boomers ’ Desire to Age in Place and Residential Satisfaction. Journal of Housing for 

the Elderly, 29, 348–372. http://doi.org/10.1080/02763893.2015.1055028 

Levinson, D. M. (1998). Accessibility and the journey to work. Journal of Transport Geography, 
6(1), 11–21. http://doi.org/10.1016/S0966-6923(97)00036-7 

Li, Q., Zhang, T., Wang, H., & Zeng, Z. (2011). Dynamic accessibility mapping using floating 
car data: a network-constrained density estimation approach. Journal of Transport 

Geography, 19(3), 379–393. http://doi.org/10.1016/j.jtrangeo.2010.07.003 

Love, D., & Lindquist, P. (1995). The geographical accessibility of hospitals to the aged: a 
geographic information systems analysis within Illinois. Health Services Research, 29(6), 
629–51. Retrieved from 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1070036&tool=pmcentrez&ren
dertype=abstract 

Lynott, J., & Figueiredo, C. (2011). How the travel patterns of older adults are changing: 

Highlights from the 2009 National Household Survey. 

Mcguckin, N., & Lynott, J. (2009). Impact of Baby Boomers on U.S. Travel, 1969 to 2009. 

Mcguckin, N., Lynott, J., & Figueiredo, C. (2012). Work-Related Travel in an Era of Extended 

Employment. AARP Public Policy Institute. 

Mercado, R., Páez, A., & Newbold, K. B. (2010). Transport policy and the provision of mobility 
options in an aging society: a case study of Ontario, Canada. Journal of Transport 

Geography, 18(5), 649–661. http://doi.org/10.1016/j.jtrangeo.2010.03.017 

Metz, D. (2003). Transport policy for an ageing population. Transport Reviews, 23(4), 375–386. 
http://doi.org/10.1080/0144164032000048573 

Metz, D. . (2000). Mobility of older people and their quality of life. Transport Policy, 7(2), 149–
152. http://doi.org/10.1016/S0967-070X(00)00004-4 

Miller, H. (2005). A Measurement Theory for Time Geography. Geographical Analysis, 37(1), 
17–45. http://doi.org/10.1111/j.1538-4632.2005.00575.x 



 140 

Miller, H. (2007). Place-Based versus People-Based Geographic Information Science. 
Geography Compass, 1(3), 503–535. http://doi.org/10.1111/j.1749-8198.2007.00025.x 

Miller, H. J. (1999). Measuring space-time accessibility benefits within transportation networks: 
Basic theory and computational procedures. Geographical Analysis, 31(1), 1–26. Retrieved 
from http://onlinelibrary.wiley.com/doi/10.1111/j.1538-4632.1999.tb00408.x/abstract 

Miller, H. J. H. J. (1999). Transportation Networks : Basic Theory and Computational 
Procedures. Geographical Analysis, 31(1), 1–26. Retrieved from 
http://onlinelibrary.wiley.com/doi/10.1111/j.1538-4632.1999.tb00408.x/abstract 

Miller, H. J., & Wu, Y.-H. (2000). GIS Software for Measuring Space-Time Accessibility in 
Transportation Planning and Analysis. Geoinformatica, 4(2), 141–159. 

Miranda-Moreno, L., & Lee-Gosselin, M. (2008). A week in the life of baby boomers : how do 
they see the spatial – temporal organization of their activities and travel ? Transportation, 
35, 629–653. http://doi.org/10.1007/s11116-008-9171-y 

Moniruzzaman, M., Chudyk, A., Páez, A., Winters, M., Sims-gould, J., & Mckay, H. (2015). 
Travel behavior of low income older adults and implementation of an accessibility 
calculator. Journal of Transport & Health, 2(2), 257–268. 
http://doi.org/10.1016/j.jth.2015.02.006 

Morrill, R. L., & Symons, J. (1977). Efficiency and Equity Aspects of Optimum Location. 
Geographical Analysis, IX(July). 

Neatt, K., Millward, H., & Spinney, J. (2016). Aggregation and spatial analysis of walking 
activity in an urban area : results from the Halifax space-time activity survey. In Earth and 

Environmental Science (Vol. 34). http://doi.org/10.1088/1755-1315/34/1/012022 

Nemet, G. F., & Bailey,  a J. (2000). Distance and health care utilization among the rural elderly. 
Social Science & Medicine (1982), 50(9), 1197–208. Retrieved from 
http://www.ncbi.nlm.nih.gov/pubmed/10728841 

Neutens, T., Daniels, S., Minnen, J., Glorieux, I., De Maeyer, P., & Van de Weghe, N. (2014). 
Spatial and temporal fluctuations in individual accessibility: a comparative analysis among 
subgroups of the population. Geografisk Tidsskrift-Danish Journal of Geography, 114(2), 
119–131. http://doi.org/10.1080/21662282.2013.863547 

Neutens, T., Delafontaine, M., Scott, D. M., & De Maeyer, P. (2012). An analysis of day-to-day 
variations in individual space–time accessibility. Journal of Transport Geography, 23, 81–
91. http://doi.org/10.1016/j.jtrangeo.2012.04.001 

Neutens, T., Schwanen, T., & Witlox, F. (2011). The Prism of Everyday Life: Towards a New 
Research Agenda for Time Geography. Transport Reviews, 31(1), 25–47. 
http://doi.org/10.1080/01441647.2010.484153 

 



 141 

Neutens, T., Witlox, F., Van De Weghe, N., & De Maeyer, P. H. (2007). Space–time 
opportunities for multiple agents: a constraint‐based approach. International Journal of 

Geographical Information Science, 21(10), 1061–1076. 
http://doi.org/10.1080/13658810601169873 

Newbold, K. B., Scott, D. M., Spinney, J. E. L., Kanaroglou, P., & Páez, A. (2005). Travel 
behavior within Canada’s older population: a cohort analysis. Journal of Transport 

Geography, 13(4), 340–351. http://doi.org/10.1016/j.jtrangeo.2004.07.007 

O’Kelly, M. E., & Horner, M. W. (2003). Aggregate accessibility to population at the county 
level: U.S. 1940-2000. Journal of Geographical Systems, 5(1), 5–23. 
http://doi.org/10.1007/s101090300101 

O’Neill, D. (2010). Deciding on driving cessation and transport planning in older drivers with 
dementia. European Geriatric Medicine, 1(1), 22–25. 
http://doi.org/10.1016/j.eurger.2010.01.001 

Páez, A., Scott, D. M., & Morency, C. (2012, November). Measuring accessibility: positive and 
normative implementations of various accessibility indicators. Journal of Transport 

Geography. http://doi.org/10.1016/j.jtrangeo.2012.03.016 

Páez, A., Scott, D., Potoglou, D., Kanaroglou, P., & Newbold, K. B. (2007). Elderly Mobility: 
Demographic and Spatial Analysis of Trip Making in the Hamilton CMA, Canada. Urban 

Studies, 44(1), 123–146. http://doi.org/10.1080/00420980601023885 

Paez,  a., Gertes Mercado, R., Farber, S., Morency, C., & Roorda, M. (2010). Relative 
Accessibility Deprivation Indicators for Urban Settings: Definitions and Application to 
Food Deserts in Montreal. Urban Studies, 47(7), 1415–1438. 
http://doi.org/10.1177/0042098009353626 

Papinski, D., Scott, D. M., & Doherty, S. T. (2009). Exploring the route choice decision-making 
process: A comparison of planned and observed routes obtained using person-based GPS. 
Transportation Research Part F: Traffic Psychology and Behaviour, 12(4), 347–358. 
http://doi.org/10.1016/j.trf.2009.04.001 

Patterson, Z., & Farber, S. (2015). Potential Path Areas and Activity Spaces in Application: A 
Review. Transport Reviews, (August 2015), 1–22. 
http://doi.org/10.1080/01441647.2015.1042944 

Preston, J., & Rajé, F. (2007). Accessibility, mobility and transport-related social exclusion. 
Journal of Transport Geography, 15(3), 151–160. 
http://doi.org/10.1016/j.jtrangeo.2006.05.002 

Rosenbloom, S. (2003). The Mobility Needs of Older Americans: Implications for 

Transportation Reauthorization. Washington, D.C. 

 



 142 

Saarloos, D., Kim, J.-E., & Timmermans, H. (2009). The built environment and health: 
introducing individual space-time behavior. International Journal of Environmental 

Research and Public Health, 6(6), 1724–43. http://doi.org/10.3390/ijerph6061724 

Schaefer, M. (2015). Aging Baby Boomers: Future Effects on City Housing and Suburban 

Planning. 

Schneider, M. (2016, July 14). The Villages is the Nation’s Fastest Growing, Again. Orlando 

Sentinel. Orlando. Retrieved from http://www.orlandosentinel.com/news/lake/os-ap-the-
villages-is-nations-fastest-growing-20160324-story.html 

Schönfelder, S., & Axhausen, K. W. (2003). Activity spaces: measures of social exclusion? 
Transport Policy, 10(4), 273–286. http://doi.org/10.1016/j.tranpol.2003.07.002 

Seung, J., Zegras, P. C., Ben-joseph, E., & Park, S. (2014). Does urban living influence baby 
boomers ’ travel behavior ? Journal of Transport Geography, 35, 21–29. 
http://doi.org/10.1016/j.jtrangeo.2014.01.004 

Shliselberg, R. (2015). Accessibility and Spatial Interaction. Transport Reviews, (August), 1–3. 
http://doi.org/10.1080/01441647.2015.1058302 

Shoval, N., Kwan, M. P., Reinau, K. H., & Harder, H. (2014). The shoemaker’s son always goes 
barefoot: Implementations of GPS and other tracking technologies for geographic research. 
Geoforum, 51, 1–5. http://doi.org/10.1016/j.geoforum.2013.09.016 

Silm, S., & Ahas, R. (2014). Ethnic Differences in Activity Spaces: A Study of Out-of-Home 
Nonemployment Activities with Mobile Phone Data. Annals of the Association of American 

Geographers, 104(3), 542–559. http://doi.org/10.1080/00045608.2014.892362 

Siren, A., & Haustein, S. (2013). Baby boomers ’ mobility patterns and preferences : What are 
the implications for future transport ? Transport Policy, 29, 136–144. 
http://doi.org/10.1016/j.tranpol.2013.05.001 

Siren, A., & Haustein, S. (2016). How do baby boomers ’ mobility patterns change with 
retirement ? Aging and Society, 36, 988–1007. 

Somenahalli, S., & Shipton, M. (2013). Examining the Distribution of the Elderly and 
Accessibility to Essential Services. Procedia - Social and Behavioral Sciences, 104, 942–
951. http://doi.org/10.1016/j.sbspro.2013.11.189 

Song, Y., & Miller, H. J. (2014). Simulating visit probability distributions within planar space-
time prisms. International Journal of Geographical Information Science, 28(1), 104–125. 
http://doi.org/10.1080/13658816.2013.830308 

Spinney, J. E. L., Scott, D. M., & Newbold, K. B. (2009). Transport mobility benefits and quality 
of life: A time-use perspective of elderly Canadians. Transport Policy, 16(1), 1–11. 
http://doi.org/10.1016/j.tranpol.2009.01.002 



 143 

Su, F., & Bell, M. G. H. (2009). Transport for older people: Characteristics and solutions. 
Research in Transportation Economics, 25(1), 46–55. 
http://doi.org/10.1016/j.retrec.2009.08.006 

Taaffe, E. J., Gauthier, H. L., & O’Kelly, M. E. (1996). Geography of Transportation. Simon & 
Schuster. 

Talen, E., & Anselin, L. (1998). Assessing spatial equity: an evaluation of measures of 
accessibility to public playgrounds. Environment and Planning A, 30(4), 595–613. 
Retrieved from http://www.envplan.com/abstract.cgi?id=a300595 

Tribby, C. P., Miller, H. J., Brown, B. B., Werner, C. M., & Ken, R. (2016). Assessing Built 
Environment Walkability using Activity-Space Summary Measures. Journal of 

Transportation and Land Use, 9(1), 187–207. 
http://doi.org/10.5198/jtlu.2015.625.Assessing 

Villanueva, K., Giles-corti, B., Bulsara, M., Mccormack, G. R., Timperio, A., Middleton, N., … 
Trapp, G. (2012). How far do children travel from their homes ? Exploring children ’ s 
activity spaces in their neighborhood. Health & Place, 18(2), 263–273. 
http://doi.org/10.1016/j.healthplace.2011.09.019 

Wang, F. (2012). Measurement, Optimization, and Impact of Health Care Accessibility: A 
Methodological Review. Annals of the Association of American Geographers, 102(5), 
1104–1112. http://doi.org/10.1080/00045608.2012.657146 

Weibull, J. W. (1976). An axiomatic approach to the measurement of accessibility. Regional 

Science and Urban Economics, 6(4), 357–379. http://doi.org/10.1016/0166-0462(76)90031-
4 

Widener, M., Farber, S., Neutens, T., & Horner, M. (2014). Spatiotemporal accessibility to 
supermarkets using public transit: An interaction potential approach in Cincinnati, Ohio. 
Transportation Research Board 93rd Annual Meeting Compendium of Papers, 42, 72–83. 
http://doi.org/10.1016/j.jtrangeo.2014.11.004 

Widener, M. J., Farber, S., Neutens, T., & Horner, M. W. (2013). Using urban commuting data 
to calculate a spatiotemporal accessibility measure for food environment studies. Health & 

Place, 21, 1–9. http://doi.org/10.1016/j.healthplace.2013.01.004 

Widener, M. J., & Shannon, J. (2014). When are food deserts? Integrating time into research on 
food accessibility. Health & Place, 30, 1–3. 
http://doi.org/10.1016/j.healthplace.2014.07.011 

Winters, M., Voss, C., Ashe, M. C., Gutteridge, K., McKay, H., & Sims-Gould, J. (2014). Where 
do they go and how do they get there? Older adults’ travel behaviour in a highly walkable 
environment. Social Science and Medicine, 133, 304–312. 
http://doi.org/10.1016/j.socscimed.2014.07.006 

 



 144 

Wood, B. S., & Horner, M. W. (2015). Understanding Accessibility to Snap- Accepting Food 
Store Locations: Disentangling the Roles of Transportation and Socioeconomic Status. 
Applied Spatial Analysis and Policy, 1–19. http://doi.org/10.1007/s12061-015-9138-2 

Wood, B. S., Horner, M. W., Duncan, M. D., & Valdez-Torres, Y. (2016). Aging Populations 
and Transit Oriented Development: Socioeconomic, Demographic, and Neighborhood 
Trends from 2000 to 2010. Transportation Research Record: Journal of the Transportation 

Research Board, In Press. 

Zegras, C., Lee, J. S., & Ben-joseph, E. (2011). By Community or Design ? Age-restricted 
Neighbourhoods , Physical Design and Baby Boomers ’ Local Travel Behaviour in 
Suburban Boston , US. Urban Studies, 49(10). http://doi.org/10.1177/0042098011429485 



 145 

BIOGRAPHICAL SKETCH 

Brittany Wood was born on July 22, 1985 in Oklahoma City, OK. She completed her 

undergraduate coursework at Florida State University with degrees in Psychology and English in 

2009. Her Master’s Thesis entitled “Accessibility to SNAP Accepting Locations” was completed 

in December of 2011. Currently, her research interests are in accessibility, aging populations, 

and transportation.  

 

Publications 

Brittany S. Wood, Mark W. Horner, Michael Duncan, Yazmin Valdez-Torres. 2016. Aging Populations 

and Transit-Oriented Development: Socioeconomic, Demographic, and Neighborhood Trends from 2000 

and 2010. Transportation Research Record.  

 

Brittany S. Wood and Mark W. Horner. 2015. Understanding Accessibility to SNAP-Accepting Food 

Store Locations: Disentangling the Roles of Transportation and Socioeconomic Status. Applied Spatial 

Analysis and Policy. doi: 10.1007/s12061-015-9138-2 

 

Mark W. Horner and Brittany S. Wood. 2014. Capturing Individuals’ Food Environments Using Flexible 

Space-Time Accessibility Measures. Applied Geography, 51, 99-107. 

 

Mark W. Horner, Michael Duncan, Brittany S. Wood, Yazmin Valdez-Torres, and Chris Stansbury. 2015. 

Do Aging Populations Have Differential Accessibility to Activities? Analyzing the Spatial Structure of 

Social, Professional, and Business Opportunities. Travel Behavior and Society, 2.3, 182-191. 

doi:10.1016/j.tbs.2015.03.002 

 

 

 


