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How people commute, whether they drive or bike to work, shapes local environmental, health, and land-use outcomes, yet few
studies have holistically examined commuting mode in the Delaware Valley Region—otherwise known as Greater Philadelphia.
This study used multinomial logistic regression to determine which socioeconomic and built environment variables significantly
influenced the commuting mode of individuals in the Delaware Valley Region. Socioeconomic variables included age, gender,
race, income, vehicle ownership, and household size. Built environment variables included population density, land use diversity,
transit density, destination accessibility, and street intersection density. The study finds that women were less likely to use active
transportation than private transportation, while people of color were more likely to use both public and active transportation.
Larger households and household vehicle ownership were associated with greater reliance on private transportation; notably,
household vehicle ownership had the greatest association with commuting mode in the study. Among the built environment
variables, higher population density and street intersection density were associated with greater use of public and active
transportation, and higher destination accessibility was associated with greater active transportation. Unexpectedly, land-use
diversity was positively associated with private transportation use. Overall, our study suggests that the built environment is
not the sole determinant of commuting mode and may operate alongside—and at times be outweighed by—socioeconomic
constraints such as vehicle ownership. Thus, these findings indicate that city planners should tailor their proposed policy
interventions to the specific demographics of their city to obtain the most significant results.
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Introduction

In recent decades, public opposition to car-centric infrastruc-
ture has increased dramatically due to various environmental,
safety, and health concerns. For instance, in 2022, light-duty
private vehicles alone contributed to 16% of total US emis-
sions, producing 1000 million metric tons of CO2 equivalent1.
Motor vehicle accidents are also the leading cause of death
for young people worldwide2 and areas lacking proper pedes-
trian infrastructure are associated with higher obesity rates3.
Thus, with the rise of movements such as New Urbanism,
community leaders and urban planners alike have grown in-
creasingly focused on introducing more sustainable methods
of transportation to their communities. As a result, many stud-
ies have aimed to identify the underlying factors for an indi-
vidual’s travel behavior and, more specifically, their chosen
mode of transportation. However, significant gaps still remain.
Firstly, many studies fail to compare the relative magnitudes
of socioeconomic and built environment predictors of com-
muting mode, as prior literature has largely examined these
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two sets of factors separately. Moreover, few studies exam-
ine areas with both dense urban cores and dispersed subur-
ban regions, and fewer still have examined the Delaware Val-
ley Region—a region containing critical urban centers such as
Philadelphia. Thus, this study aims to analyze the impact of
socioeconomic and built environment variables on commuting
mode across the entirety of the Delaware Valley Region. Ul-
timately, this study finds that while the built environment sig-
nificantly shapes commuting mode in the Delaware Valley Re-
gion, its influence is potentially outweighed by socioeconomic
factors—particularly vehicle availability. Thus, our findings
are consistent with a broader interpretation of commuting be-
havior which argues that commuting behavior is best under-
stood not as a universal, predictable response to spatial incen-
tives but as a complex behavior subject to varying habitual,
social, and structural contexts.

Literature Review

Research on commuting mode can be separated into three
overlapping strands. The first emphasizes the built environ-
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ment, focusing on spatial incentives such as street intersec-
tion density and population density. The second emphasizes
socioeconomic factors, arguing that individuals’ choices are
constrained by factors such as age, vehicle availability, and
race. The third examines behavioral and social variables, ar-
guing that commuting mode is also impacted by factors such
as habit, perceived risk, and social norms. The central ten-
sion between these explanations, therefore, is whether com-
muting behavior is primarily a response to spatial incentives
or is instead constrained by socioeconomic and behavioral fac-
tors. Literature concerning the relationship between the built
environment and commuting behavior typically focuses on a
combination of the following variables: density, diversity, de-
sign, distance to transit, and destination accessibility. These
“5 Ds” were popularized by Ewing and Cervero (2010) and
are commonly used as a framework in such studies4.

Density is commonly measured in terms of population, em-
ployment, and housing units. Studies have demonstrated that
higher population, employment, and retail density have a neg-
ative association with car usage, instead encouraging active
forms of transportation such as walking and biking as well as
public transportation5–10.

Diversity refers to a mix of different land uses as well as
the jobs-housing balance in a region. Typically, more diverse
and balanced land use mixtures tend to be negatively associ-
ated with the vehicle miles travelled (VMT) in a region by
promoting alternative forms of transportation7,9. This applies
primarily to non-work trips since placing amenities like retail
shops within residential areas, as opposed to outside them, re-
duces the need for automobiles11; however, it also may apply
to commuting trips by increasing the attractiveness of public
transportation by situating local stores and markets near transit
stops.

Design refers to a region’s street design, which includes fea-
tures such as sidewalk lighting, sidewalk paving, block length,
and intersection density. Street connectivity has been shown
to have a positive relationship with both public transit use and
active forms of transportation8,10,12. Design measures such as
4-way intersections, sidewalks, and overhead streetlights have
also all been found to promote public and active transporta-
tion7.

Distance from transit services has historically been a key fo-
cal point for literature related to transit-oriented development;
it has been historically measured by transit route density, or
an average of the distance between residences and employ-
ment centers from transit services. Greater proximity to tran-
sit stations has been shown to significantly encourage the use
of transit6,13,14. Other studies have measured the correlation
between the number of public transport vehicles and travel
mode, finding that an increase in the number of public transit
vehicles is associated with an increase in active transportation
methods15.

Destination accessibility is frequently measured by distance
from key services, such as grocery stores and parks, or, in the
case of regional accessibility, determined by access to regional
retail centers such as large shopping malls or central business
districts. Literature concerning the impact of destination ac-
cessibility typically encompasses numerous different trip pur-
poses, not only commutes, but their findings can still inform
our understanding of how the built environment impacts com-
muting mode more generally. Handy (1993) found that both
high levels of local and regional accessibility worked to de-
crease average shopping travel11. Destination accessibility
is also frequently determined through gravity-based models,
such as the model used in Cervero and Kockelman’s study.
Cervero and Kockelman (1997) found that public and active
transportation use was greater in regions with greater destina-
tion accessibility7.

Built environment research typically emphasizes spatial op-
portunity and incentives. However, such studies typically
share a common assumption: that commuters act as ratio-
nal agents, constantly seeking to find the optimal commut-
ing mode by evaluating constraints such as time, money, and
convenience. A growing body of work, however, has instead
argued that there exist socioeconomic factors as well as be-
havioral and habitual determinants that can similarly influence
commuting mode, thus weakening the notion that commuting
behavior is merely an optimization problem.

Innumerable studies have revealed the connections between
socioeconomic variables, such as age or race, and mode
choice. Using data from the 2001 National Household Travel
Survey (NHTS), Pucher and Renne (2003) found that minori-
ties and lower-income households account for roughly 63% of
all transit users; however, even among the poorest, only 5% of
their trips were made by transit, as the majority still predom-
inantly relied upon private transportation16. In accordance
with these findings from the NHTS, other regression-based
studies have provided evidence that income may indepen-
dently predict commuting mode, as it is shown to be positively
associated with private transit use by numerous studies5,15,17.
In their systematic review of 290 peer-reviewed mode choice
behavior research papers, Ranjan and Sinha (2025) found that
lower-income individuals relied on public transit more, as
higher fuel costs and parking rates were key factors in deter-
mining whether an individual would primarily commute by
car17. Falling travel costs, specifically the cost of driving a
car in the US, have also been identified as a reason for this re-
lationship. As the cost of commuting by car has fallen sharply
in recent years to just 7% of daily wages, down from 20%
of the daily income of a streetcar rider in the 1900s, higher-
income households no longer value proximity to jobs as much
as they previously did18. For those able to afford it, living in
an area of their choosing is now much more appealing than liv-
ing within close proximity to their job, as the cost of a longer
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commute, both financially and temporally, is relatively mini-
mal.

Race and ethnicity have also been shown to play a role in
travel behavior. When controlling for other variables, people
of color are more likely than whites to walk and take pub-
lic transit19. These patterns can be understood not solely as
cultural preferences but also as the result of structural inequal-
ity. Decades of de jure and de facto segregation, as well as
uneven transportation investment have concentrated people of
color in areas with poor transit access and subpar infrastruc-
ture, drastically shaping the travel options available to them.
Scholars such as Bullard (2003) have thus argued that the ben-
efits of transportation systems in the United States have been
distributed unequally along racial lines. From this perspec-
tive, instead of representing the independent effect of race,
higher transit use among people of color reflects a legacy of
segregated urban development that unfairly restricted vehicle
access20. However, it’s important to not overlook the nuance
found within the relationship between race and commuting be-
havior. While other studies generally support Polzin et al.’s
overall claim, they also highlight numerous other variations
within different minority groups, such as the fact that Black
individuals were less likely to use active transit than other
minority groups21. In the United States specifically, com-
muting mode can vary among ethnic groups based on how
recent their immigration was—recent immigrants are much
more likely than native-born adults to use transit for commut-
ing purposes22. Additionally, while all immigrants eventually
undergo a process known as “transportation assimilation,” or
essentially begin to adopt levels of automobile use more sim-
ilar to their native-born counterparts, the rate of assimilation
also varies by ethnicity. For instance, Asian immigrants are
more likely than Hispanic immigrants to gravitate towards au-
tomobile use after 20 years of living in the US22.

Gender has also been found to be a significant indicator of
commuting mode; in fact, a study released by the International
Transport Forum that analyzed commuting behavior in cities
across Europe and Asia suggests that gender may be a stronger
determinant of mode choice than either income or age23. Nu-
merous studies have shown that women across different cities
worldwide consistently prefer to take public transit more than
men do6,23,24. Women have also been shown to be more likely
than men to use certain forms of active transportation, such as
walking24. Importantly, however, this trend does not extend
to cycling, as numerous studies have suggested that women
are less likely to bike regularly to work than males24,25. Both
Goel et al. (2023) and Twaddle et al. (2010) suggest that this
aversion to cycling may be due to safety-related issues24,25.
Goel et al. (2023) found that women who lived in cities with
safe bike infrastructure like Berlin were more likely to bike
than women in other cities, while Twaddle et al. (2010) found
that when surveyed on potential barriers to cycling, women

were more likely to cite safety concerns than men. A study
done by Sims and Bopp (2018) on solely cities in the mid-
Atlantic region of the US disagrees slightly with the findings
presented by the aforementioned international studies done by
Acker and Ng (2018) and Goel et al. (2023); they found that
men are more likely to use both walking and biking for com-
muting purposes21,23,24. These divergent findings may have
resulted from geographical scope and study design. Both the
different demographical makeup of the primarily white Amer-
ican sample population of the study from Sims and Bopp
(2018), as well as the comparatively poor pedestrian infras-
tructure found in the United States, may have deterred female
survey respondents more than their counterparts in the studies
of Goel et al. (2023) and Acker and Ng (2018)21,23,24.

Age has also been shown to play a role in commuting be-
havior. As individuals grow into old age, while they continue
to rely on automobiles–as most older adults in the US still
use a private vehicle weekly according to an analysis of the
2017 National Household Travel Survey–older adults (those
above 50 years old) and younger adults (those below 30) are
still more likely than middle-aged adults to use public trans-
portation across nearly every continent17,26. In their system-
atic review, Ranjan and Sinha (2025) found that this greater
transit usage was due to economic and physical reasons–for
instance, younger individuals may not have earned the money
needed to buy a car, while older individuals may prefer public
transportation due to physical limitations17.

Perhaps intuitively, vehicle ownership or availability is con-
sistently found to be one of the most significant predictors of
commuting mode. Kitamura et al. (1997) found that vehicle
ownership is positively associated with private transit use and
negatively associated with both public transit and active trans-
portation use14. Additionally, Susilo & Maat (2007) found
that the impact of car ownership has significantly increased
in past years, specifically by encouraging more private transit
use and discouraging public transit use6.

Household size has similarly been shown to play a role in
commuting mode. In their analysis on commuting behavior
in the Delaware Valley Region, Guerra et al. (2018) found
that household size was negatively associated with car-free
travel27. This pattern is consistently found in other studies as
well, as larger households have been shown to be more likely
to own automobiles8.

Taken together, this strand of research concerning socioe-
conomic factors suggests that mode choice is strongly con-
strained by variables such as income and age; under this per-
spective, commuting mode is not merely a reaction to the built
environment but also a reflection of how race, gender, income,
and household size can shape an individual’s access to trans-
portation.

A separate body of work continues to question the the-
oretical validity of the rational-instrumental models implic-
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itly assumed in most built environment studies by examining
whether travel behavior is always the result of deliberate and
logical mental processes. This body of work argues instead
that commuting behavior is also impacted by behavioral and
social processes, suggesting that choices regarding commut-
ing mode can often be non-deliberate, and thus resistant to
the cost-based incentives that form the foundation of rational-
instrumental models.

For instance, car commuting can persist even when more
convenient options are available, because changing from an in-
active form of transportation to an active form involves break-
ing comfortable routines28,29. Commuting decisions are fre-
quently also influenced by risk aversion–when commuters fo-
cus primarily on the perceived risk and unreliability of a mode
of transport rather than average travelling conditions30. Sub-
jective social norms can likewise play a significant role in
shaping commuting behavior. After introducing a prepaid
semester bus pass to German students, researchers found that
the prepaid bus passes normalized bus ridership among the
student body and thus contributed towards increased bus rider-
ship31. These behavioral norms are not uniformly distributed
across different genders, however; women show far stronger
risk aversion than males, and thus commonly demonstrate a
greater preference for safe cycling routes32.

Sociological work goes even further in dismantling the
rational-instrumental model, arguing that commuting behav-
ior is a routine social practice embedded within the intricacies
of everyday life33. Changing commuting mode can thus ne-
cessitate a complete overhaul of not only one’s morning com-
mute, but also household arrangements and daily routines33.
Travel behavior is similarly impacted by social ties; Guell et
al. (2012) observed that participants changed their commut-
ing mode after an accident traumatized their spouse, or af-
ter a mother’s child-rearing responsibilities made her current
commute impractical33. In fact, certain active modes of trans-
portation, such as biking, can even represent and form parts
of an individuals identity33. From this perspective, the choice
between private, public, and active transportation is not merely
a cost-minimization exercise but instead is a deeply personal
social practice tied to class, individual values, and environ-
ment33.

Finally, it’s important to highlight a common methodologi-
cal issue underlying these distinct stances regarding travel be-
havior: residential self-selection bias. Individuals who already
prefer taking transit or using active modes of transportation
may choose to live in dense, walkable, and transit-rich neigh-
borhoods34. Thus, associations between an individual’s com-
muting mode and their built environment may capture prior
preferences, instead of indicating a causal impact of urban
form34. Methods typically utilized to reduce this bias have in-
cluded controlling for relocation and repeating tests with dif-
fering levels of relocation among the study respondents34.

Taken together, these studies indicate that commuting be-
havior is influenced by a complex, intricate web of dis-
parate factors, ranging from spatial incentives to social norms.
However, they each point towards two competing interpre-
tations regarding commuting behavior. One holds that spa-
tial incentives—such as street intersection density or transit
accessibility—are the primary predictors of travel behavior.
The other perspective holds that such effects are limited by
socioeconomic or behavioral constraints. The Delaware Val-
ley Region offers a fresh opportunity to compare these two
perspectives and their relative strengths, as few prior studies
have focused on the region.

Gap in Literature

While there have been many past studies that have focused on
commuting behavior in American cities7,14,21, few such stud-
ies have focused on cities within the Delaware Valley Region.
One notable study focusing on this region was done by Guerra
et al. (2018)27. However, while this study does examine
the predictive impact of socioeconomic and built environment
variables on travel behavior, it groups public transportation
and active transportation into one “car-free” category while
also omitting key built environment characteristics–namely
destination accessibility and land-use diversity. Additionally,
it’s rare for studies to examine both socioeconomic and built
environment variables and compare their relative magnitudes.
Choosing a heterogeneous area like the Delaware Valley Re-
gion is similarly uncommon; while studies such as that done
by Acker and Ng (2018) may study commuting mode and its
determinants in cities across multiple countries, few papers
cover study areas with both predominantly suburban and ur-
ban areas23. By testing variables across distinct urban forms,
we can more easily eliminate the variables that are heavily
context-specific and thus find the most robust predictors of
commuting mode.

Thus, this study aims to address these gaps in the existing
literature by examining the impact of socioeconomic and built
environment variables on commuting mode in the Delaware
Valley Region.

Methods

Study Area

The scope of the study was limited solely to the territories un-
der the jurisdiction of the Delaware Valley Regional Planning
Commission (DVRPC), the federally designated Metropolitan
Planning Organization (MPO) for the Delaware Valley Re-
gion. The Delaware Valley Region is located in the northeast
of the United States, encompassing 9 counties and 352 munic-
ipalities across Pennsylvania and New Jersey35. The region
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is characterized by a blend of distinctly suburban and urban
territories.

Following nationwide trends, the Delaware Valley Region
has witnessed a massive decentralization of services and jobs,
becoming more polycentric in nature. This reflects a broader
transformation of American metropolitan regions. In the
decades after WWII, jobs decentralized at roughly the same
rate as residents, and thus their relative locations remained
largely stable36. As suburbs evolved from being simply bed-
room communities to destinations that attracted major com-
panies, workers and residents began to flood out of the in-
ner city in favor of its surrounding suburbs. Consequently,
the proportion of metro-area commutes that either began or
ended in central cities fell sharply, from 66% in 1960 to 38%
in 200036. As cities have continued to grow more polycen-
tric, commuting patterns have grown in their complexity, be-
coming increasingly centered around suburban employment
centers rather than one central location. The Delaware Valley
Region has exemplified these broader trends, as future popula-
tion estimates continue to predict rapid growth throughout its
suburban counties37. This massive suburban exodus may par-
tially explain certain socioeconomic differences found across
different areas in the Delaware Valley Region. For instance,
Philadelphia’s median income is roughly $30,000 lower than
that of Delaware County38. Additionally, while Philadelphia
is home to an extremely diverse population, Delaware County
has a majority-white population39.

Socioeconomic Characteristics

This subsection defines the socioeconomic variables used in
the data analysis. For both socioeconomic and built environ-
ment variables, this study utilized data from the 2012-2013
Household Travel Survey (HTS) released by the Delaware
Valley Regional Planning Commission (DVRPC) for both
individual-level commuting behavior data as well as socioe-
conomic data. The survey included data on household and
individual-level characteristics as well as individual trips by
requiring all survey respondents to submit a one-day travel
diary. Throughout the course of the study, 9235 total house-
holds were surveyed–although not all were used in the final
data analysis.

For the purposes of this project, only individuals who had
listed one of their destinations in their travel diary as a “work”
destination were included. For the individuals who recorded
two trips with destinations designated as “work,” only the
trip with the longest recorded travel distance was considered.
Other individuals were excluded from the analysis due to
missing information. The final analysis included 5118 total
individuals.

Information on each individuals age, gender, race, income,
household vehicle ownership, and household size was taken

from the HTS itself. In the original HTS, respondents were
grouped into 10-year age cohorts. To ensure sufficient sam-
ple size in each age category, all ages below 34 and above
65 were grouped into their own categories, while the remain-
ing age groups were preserved. Out of the 5118 individuals,
20.5% of individuals were between 1-34 years of age, 16.8%
of individuals were between 35-44 years of age, 26% of indi-
viduals were between 45-54 years of age, 28.4% of individu-
als were between 55-64 years of age, and 8.4% of individuals
were 65 years of age or older. A nearly identical number of re-
spondents were male and female, with 2583 individuals being
female and 2535 individuals being male. For the purposes of
the study, all people of color were grouped into one category,
while all white individuals constituted their own category, as
the respondents were predominantly white. Since this aggre-
gation overlooks meaningful heterogeneity among non-white
individuals, the resulting coefficient is interpreted as a gen-
eral contrast between ethnic minorities and white individuals,
rather than a group-specific effect. Income was derived from
the reported household income in the HTS. For the purposes
of the study, all respondents with an annual household income
of $0 to $49,999 were designated as “low income” (14%), all
respondents with an annual household income of $50,000 to
$149,999 were designated as “medium income” (63.3%), and
all respondents with an annual household income of $150,000
and above were designated as “high income” (22.7%). These
thresholds were informed by the Pew Research Center’s own
income-tier framework40. In our study sample, we found that
95.49% of individuals had a vehicle in their household. Fur-
thermore, 13.52% of individuals lived alone, 38.20% of indi-
viduals lived in a two-person household, 20.57% of individu-
als lived in a three-person household, and 27.71% of individ-
uals lived in a household with four or more individuals.

Table 1 Sample characteristics from DVRPC 2012—2013 HTS (so-
cioeconomic variables)

Categories Count Percentage
(a) Gender Female 2583 50.47%

Male 2535 49.53%

(b) Age group 1 to 34 1047 20.46%
35 to 44 860 16.80%
45 to 54 1332 26.03%
55 to 64 1451 28.35%
65 and above 428 8.36%

(c) Race Other 515 10.06%
White 4603 89.94%

(d) Household income High income 1162 22.70%
Low income 717 14.01%
Medium income 3239 63.29%

(e) Household Vehicle Ownership No Vehicle 231 4.51%
Vehicle Available 4887 95.49%

(f) Household Size One 692 13.52%
Two 1955 38.20%
Three 1053 20.57%
Four or More 1418 27.71%
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Built Environment Measures

This subsection describes the formulation of the built envi-
ronment variables used in the final data analysis. A complete
table listing the data sources and spatial scale for each of the
built environment variables can be seen in Table 2.

This study considers built environment characteristics at the
Traffic Analysis Zone (TAZ) level–the most granular level of
geographic detail given in the DVRPC HTS–and municipal
level. Street intersection density, population density, destina-
tion accessibility, and transit accessibility were all considered
at the TAZ level, while land-use diversity was calculated at the
municipal level. All built environment variables were matched
to each individual based on their reported household TAZ.

Street intersection density was calculated as the number of
residential street intersection nodes for each TAZ divided by
the TAZ area, using the 2013 Census TIGER/Line Shapefiles.
Population density was determined by utilizing information
from the 2010 US Census. Block-level population figures
were aggregated to the TAZ level to determine population den-
sity for each TAZ.

In line with past studies concerning accessibility, destina-
tion accessibility was determined by using a gravity-based ac-
cessibility index at the individual level evaluated at each re-
spective household TAZ7. This index is a property of the
residential TAZ for each individual, capturing the degree to
which an individual’s residential TAZ is connected to nearby
employment opportunities. For each residential TAZ i, desti-
nation accessibility was computed as:

Ai = ∑
j

O j · f (di j)

Here, O j represents the number of jobs at a given desti-
nation TAZ j while f (di j) is an impedance function which
captures the travel cost between each origin TAZ i and desti-
nation TAZ j. Data for job figures on the TAZ level was taken
from the 2013 US Census Bureau’s Longitudinal Employer-
Household Dynamics Origin-Destination Employment Statis-
tics (LODES) Workplace Area Characteristics. The sum of
the product of both O j and f (di j) is then taken over all des-
tination TAZs j for each given origin TAZ i to determine the
final destination accessibility score Ai.

The impedance function was determined using the follow-
ing exponential decay function:

f (di j) = e−βdi j

di j represents the shortest distance between the centroid
of the origin TAZ i and centroid of the destination TAZ j
through a road network determined by using the 2013 Census
TIGER/Line Shapefiles.

The impedance coefficient β was calibrated using the half-
life criterion, which has been identified as a valid alternative
to statistically estimated decay parameters41.

β =
− ln(0.5)

m
With this equation, a destination TAZ located at a distance

exactly matching m, the regional median commuting distance,
is given half the weight of an otherwise identical destination
TAZ located at the origin TAZ. The regional median commut-
ing distance was taken from the HTS itself.

In our analysis, we also considered internal travel distances,
a core aspect of gravity-based accessibility measures42. For
intrazonal terms where i=j, we approximated the internal dis-
tance of each zone, Dij, as a function of its area:

Di j = 0.5

√
Azone

π

Azone represents the area of TAZ i and was taken from the
2010 TAZ Boundaries Shapefile provided by the DVRPC. By
using this formula, we represent each TAZ as a circle with
equivalent area, and, following common practice, use one half
of the circle radius to represent intrazonal travel distance42.

Transit accessibility was determined as the measure of the
density of SEPTA and NJ Transit stops in each individual’s
residential TAZ, using 2025 stop-level GIS files of all the
metro, trolley, regional rail, and bus stops from SEPTA and
NJ Transit’s systems. Though historical stop-level data for
SEPTA’s transit system was available for the 2010s, no pub-
licly available 2012-2013 NJ Transit stop-level data was able
to be found. Prioritizing internal consistency, we thus used the
2025 transit stop datasets from both transit agencies as a rough
approximation of transit accessibility for this study.

Land-use diversity was determined by using the Shannon-
Wiener Diversity Index and was calculated at the municipality
level. Land-use information was taken from the 2015 DVRPC
land-use file.

H =−
S

∑
i=1

pi ln(pi)

pi represents the proportion of the entire municipality made
up of land-use type i. This figure was then multiplied by the
natural log of itself and replicated for each land-use type. The
sum of the calculated figures of each land-use type was then
found and negated to determine the final index score for the
municipality, H. This particular diversity index was chosen in
order to account for both richness and evenness of land uses
in a particular municipality. The index score for each munici-
pality was then assigned to all the TAZs that fell under its ju-
risdiction, which was then matched to the reported household
TAZ of each individual.
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Table 2 Built Environment Variables: Data Sources and Spatial Scale
Variable Data source Spatial scale
Street Intersection Density 2013 Census TIGER/Line

Shapefiles
TAZ

Population Density 2010 U.S. Census TAZ
Destination Accessibility 2013 LODES Data, 2013 Census

TIGER/Line Shapefiles
TAZ

Transit Density 2025 SEPTA and NJ Transit GIS
files

TAZ

Land-Use Diversity 2015 DVRPC land-use file Municipality

Commuting Behavior Characteristics

Information on each trip’s given mode of transportation to
work was likewise taken from the HTS. Different modes
of transportation were grouped into three categories: Ac-
tive Transportation, Public Transit, and Private Transporta-
tion. Active Transportation included modes such as walking
and biking. Public Transit encompassed riders who utilized
any form of SEPTA and NJ Transit service. Private Trans-
portation included modes such as driving a car, carpooling, or
using services from private transportation companies such as
Greyhound.

Private transit was by far the most used mode of transporta-
tion, accounting for 84% of all respondents, whereas 8.3% of
respondents used active transport and 8% of respondents used
public transit.

Regression Modelling

The study utilized multinomial logistic regression to model
the relationship between both socioeconomic and built envi-
ronment variables and commuting mode, as shown below. The
dependent variable in this study was the mode of commuting
(private transit, public transit, and active transit). The inde-
pendent variables included the socioeconomic and built envi-
ronment variables. This particular model was chosen for its
ability to handle a categorical dependent variable with more
than two distinct categories, demonstrated by its common us-
age in previous studies6,10,23

ln
(

P(Y = j)
P(Y = k)

)
= β0 j +β1 jX1 +β2 jX2 + · · ·+βp jXp

ln
(

P(Y= j)
P(Y=k)

)
represents the natural log of the ratio of the

probability of choosing category j over category k (the refer-
ence category), also referred to as the log-odds. In this study,
this represents the likelihood that one mode of transportation
is chosen over another. Each coefficient β represents the ex-
pected change in the log-odds of choosing category j over the
reference category for its designated variable X . A positive co-
efficient represents a higher likelihood of choosing category j
over category k, while a negative coefficient represents a lower

likelihood of choosing category j over category k (and as such
represents a higher likelihood of choosing category k).

By using this model, we can determine the association be-
tween each of our independent variables and each commuting
mode. For our model, private transportation was chosen as our
reference category as it is the most common mode of trans-
portation among survey respondents. Furthermore, it reflects
one of our study’s aims to identify the relationship between so-
cioeconomic and built environment variables with car depen-
dency. After the model was run, a Variance Inflation Factor
(VIF) test was run to test for multicollinearity.

Results

A multinomial logistic regression model was used to deter-
mine the association between socioeconomic and built envi-
ronment variables with commuting mode. The statistical anal-
ysis included 5118 individuals from the 2012-2013 DVRPC
Household Travel Survey. Results from the VIF test were all
below the conventional threshold of 5, indicating that multi-
collinearity was not a concern and that variable coefficients
are reliable (Table 5).

Using private transportation as the reference category, we
see that several variables were significantly associated with
the likelihood of choosing public transportation compared to
private transportation and choosing active transportation com-
pared to private transportation (Table 4).

When comparing active transportation (e.g., walking or cy-
cling) to our reference category (private transit), we find clear
trends. Women were less likely to use active forms of trans-
portation (coef = –0.2828, p = 0.015) compared to private
transportation. People of color were more likely to use ac-
tive forms of transportation (coef = 0.3769, p = 0.026). Indi-
viduals living in households with four or more people were
also more likely to rely on private transportation (coef = –
0.3940, p = 0.019). Individuals in a household with a vehi-
cle were similarly associated with greater private transporta-
tion use (coef = –3.0729, p < 0.001). Higher population den-
sity encouraged more active modes of transportation (coef =
0.0000850, p < 0.001). Higher land-use diversity was asso-
ciated with decreased active transportation (coef = –0.5493,
p = 0.025). Higher street intersection density was also corre-
lated with more active transportation use (coef = 0.0035, p =
0.022). Finally, destination accessibility was positively asso-
ciated with active transportation use (coef = 0.0000115, p <
0.001).

Clear correlations also emerged when comparing public
transportation to private transportation. Here, a positive co-
efficient for a given variable can be interpreted as an associ-
ation with a greater use of public transportation. People of
color were more likely to use public transit (coef = 0.7625,
p < 0.001) compared to private transportation. Individuals
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Table 3 Descriptive Statistics for Built Environment Variables

Variable Count Mean St. Dev Max Min
Street Intersection Density 5118 51.55032884 57.52800618 502.609 0.325
Population Density 5118 2870.044816 4389.319074 50279.38649 0
Transit Density 5118 14.15367176 35.63306214 581.2609876 0
Land-Use Diversity 5118 1.732121542 0.269508685 2.158370769 0.52974688
Destination Accessibility 5118 13913.30844 28818.82335 183985.1706 27.8579652

Table 4 Multinomial logistic regression for commuting behavior
Active Transportation Public Transportation

Variable Coef. P> |t| Odds Ratio* Variable Coef. P> |t| Odds Ratio*
const 0.904631 0.080453 2.47102 const 0.287898 0.576386 1.333622
Female -0.28281 0.015369 0.753666 Female -0.07768 0.493516 0.925265
Aged 1-34 -0.07229 0.675628 0.93026 Aged 1-34 0.155519 0.354626 1.168264
Aged 35-44 -0.01568 0.931739 0.984443 Aged 35-44 0.058934 0.745299 1.060706
Aged 55-64 -0.15033 0.365342 0.860424 Aged 55-64 -0.07248 0.661006 0.930083
Aged 65 and above -0.31802 0.192328 0.727585 Aged 65 and above 0.034007 0.881757 1.034592
Non-White 0.376928 0.026086 1.457799 Non-White 0.762475 5.18E-07 2.143576
Low Income 0.094136 0.579133 1.09871 Low Income -0.11006 0.51126 0.89578
High Income 0.280592 0.053615 1.323913 High Income 0.220224 0.129055 1.246356
One Person Household 0.071483 0.680395 1.0741 One Person Household -0.13259 0.44351 0.875828
Three Person Household -0.02173 0.892448 0.978506 Three Person Household -0.22711 0.155077 0.796837
Four or More Person Household -0.39396 0.01902 0.674384 Four or More Person Household -0.41576 0.009167 0.659838
Vehicle Ownership -3.07286 5.99E-31 0.046289 Vehicle Available -3.13758 1.11E-32 0.043388
Population Density 8.5E-05 0.00014 1.452076629 Population Density 0.000116 3.9E-07 1.66359682
Transit Density -2E-05 0.991672 0.999275127 Transit Density -0.00059 0.776184 0.979045765
Land-Use Diversity -0.54926 0.024608 0.862404969 Land-Use Diversity -0.14354 0.551893 0.962054071
Street Intersection Density 0.003534 0.021706 1.225475727 Street Intersection Density 0.003163 0.046892 1.199595018
Destination Accessibility 1.15E-05 6.37E-05 1.39443151 Destination Accessibility 1.24E-06 0.685161 1.036479672

Model Fit Characteristics
McFadden’s Pseudo R-squared: 0.193 Likelihood-Ratio χ2: 1100.6
Akaike Information Criterion (AIC): 4668.4122 Df Model: 34
Log-Likelihood: -2298.2 Likelihood-Ratio χ2 p-value: 3.49E-209
LL-Null: -2848.5

*Odds ratios for continuous built-environment variables reflect a one-standard-deviation increase (SD’s shown in Table 3).

living in households with four or more people were more
likely to rely on private transportation (coef = –0.4158, p =
0.009). Individuals in a household with a vehicle were also
more likely to use private transportation (coef = –3.1376, p <
0.001). Higher population density was positively associated
with public transit use (coef = 0.000116, p < 0.001). Higher
street intersection density also encouraged more public transit
use (coef = 0.0032, p = 0.047). All other variables were not
deemed statistically significant.

To compare the effect magnitudes of the categorical vari-
ables and continuous variables, coefficients were converted
into odds ratios (OR). Odds ratios above 1 indicate a greater
likelihood of choosing either active or public transporta-
tion over private transportation, while odds ratios lower than
1 indicate a lower likelihood. For the continuous built-
environment variables, whose per-unit coefficients are very
small and not directly comparable to categorical variables,

ORs were instead scaled to a one-standard-deviation increase
(SDs can be found in Table 3).

Vehicle availability was by far the strongest predictor across
all modes, reducing the odds of choosing active or public
transportation over private more so than any other variable
(OR ≈ 0.05 and OR ≈ 0.04). Race was the next most in-
fluential factor, though exerting a larger impact in regard to
transit (OR ≈ 2.1) than for active transportation (OR ≈ 1.5).
Household size behaved similarly across both modes, as indi-
viduals in four-or-more-person households were significantly
less likely to use either active or public transportation relative
to private (OR ≈ 0.67 and 0.66).

Gender was significant only for active transportation use
(OR ≈ 0.75). Among the built-environment variables, higher
population density and street intersection density were each
consistently associated with greater use of both non-private
modes (OR ≈ 1.45 and OR ≈ 1.23 for active transportation;
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Table 5 Results of VIF Test
Variable VIF
const 86.818218
Population Density 4.454203
Destination Accessibility 4.159453
Street Intersection Density 3.734973
Transit Density 2.353882
Aged 55-64 1.609676
Four or More Person Household 1.518147
Aged 1-34 1.495952
Aged 35-44 1.412416
Vehicle Ownership 1.310140
Three Person Household 1.306392
One Person Household 1.300113
Aged 65 and above 1.299491
Land Use Diversity 1.220565
Low Income 1.218412
High Income 1.097690
Non-White 1.066259
Female 1.017423

1.66 and 1.20 for public transportation). Higher destination
accessibility was associated with greater active transportation
use (OR ≈ 1.39) but was not a significant predictor of pub-
lic transit. Contrary to expectations, higher land-use diver-
sity was associated with lower active transportation use (OR ≈
0.86). Overall, these results suggest that both socioeconomic
and built environment factors are associated with commuting
mode, but household vehicle ownership showed the greatest
influence on commuting mode by far.

Discussion

Consistent with our central argument, individual socioe-
conomic factors, particularly vehicle ownership, influenced
commuting behavior more consistently and powerfully than
any built environment characteristic.

When comparing active transportation to private transporta-
tion, we find that gender, race, household size, vehicle owner-
ship, population density, land-use diversity, street intersection
density, and destination accessibility have a statistically signif-
icant impact. Our results when comparing the likelihoods of
using public or private transit demonstrate that race, household
size, vehicle ownership, population density, and street inter-
section density are the most significant determinants of mode
choice. Our finding that women are less likely to use active
transportation disagrees with findings from Goel et al. (2023)
yet agrees with those of Sims & Bopp (2018)21,24. These dis-
parities may be in part due to differences in study area; like
Sims & Bopp (2018), our study was completed solely in the

US, as opposed to the international nature of the study com-
pleted by Goel et al. (2023), which included 13 separate coun-
tries. This difference in study area may have been significant,
as the United States is notorious for providing poor pedestrian
and bicyclist facilities when compared to other developed na-
tions43. Indeed, pedestrian fatality rates in the US are still
notably higher than other developed countries such as the UK,
Germany, and the Netherlands43. Thus, the drastic difference
in quality of active transportation facilities between the study
areas of these studies may have contributed to their differing
results, especially considering that women–at least in this con-
text of active transportation–have been previously shown to
be more risk-averse than men. Indeed, in their study, Goel
et al. (2023) found that women were especially less likely to
bike than men in cities with poor cycling infrastructure, and
Twaddle et al. (2010) found that women cited safety as a bar-
rier to cycling more often than men did24,25. These findings
demonstrate that women, more than men, may require ade-
quate pedestrian and cycling facilities in order to cycle regu-
larly.

Race also emerges as a significant determinant of commut-
ing mode, as people of color are more likely to rely on active
transportation when compared to white individuals, a result
supported by past studies19,21. However, it’s important to note
that such a result may mask significant variety even among dif-
ferent ethnic groups. Sims & Bopp (2018) found that though
most people of color tended to use active transportation more
than white individuals, African Americans demonstrated the
least active transportation usage overall21. We also find that
non-white individuals, with all else held constant, are associ-
ated with higher rates of public transportation. This agrees
with findings from past literature, possibly explained by a
greater awareness of transit services among minority groups,
as well as decreased stigma associated with using public trans-
portation19,21. This finding can also be understood through
the lens of structural inequality. Elevated transit use among
people of color may reflect historical disparities in income or
residential location stemming from decades of segregation and
discrimination19,20.

Our finding that individuals in households with four or
more people were more likely to use private transportation
when compared to both active and public transit is consistent
with prior research27. As a result, this finding may indicate
that larger households face more complex travel patterns than
smaller households, thus gravitating towards the flexibility of-
fered by a private vehicle.

Vehicle ownership emerged as the strongest predictor of
commuting mode in our study, as individuals in a household
with a vehicle were far more likely to use private transporta-
tion over active transportation and public transportation. This
is strongly consistent with past literature14,6. The dominance
of this variable in studies conducted across distinct nations and
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landscapes suggests that vehicle availability may overshadow
built environment characteristics when determining individual
commuting mode. The findings from our study and others
indicate that even within built environments generally associ-
ated with transit-supportive characteristics, household vehicle
ownership still remains a dominant predictor of commuting
mode.

The dominance of vehicle ownership in our model may
also indicate the role of habit in commuting. Car users typ-
ically show significant resistance to switching modes as car
use evolves into a habit, making drivers resistant to differ-
ent modes of transportation28. Thus, this deterrence towards
changing car-usage habits among drivers may partially explain
why vehicle ownership so strongly predicted private vehicle
use.

However, our model still demonstrates that certain mea-
sures of urban form influence commuting mode. For instance,
street intersection density was shown to significantly increase
the likelihood of active transportation use, similarly falling
in line with previous research8,10,12. As found in other stud-
ies, these results reinforce the notion that increased connectiv-
ity minimizes average distance between destinations, which is
more impactful for the use of non-motorized forms of trans-
portation than motorized; activities such as walking and bik-
ing are much more dependent on distance than driving. Street
intersection density is also positively associated with public
transit use, also agreeing with previous research8. These re-
sults suggest that greater connectivity in street networks in-
creases the perceived convenience of public transportation rel-
ative to automobiles8,10,12.

Furthermore, population density is also associated with
higher rates of active transportation. This also agrees with
past literature7–10 likely due to greater density decreasing the
distance between services as well as increasing the number of
“eyes on the street”—passersby or nearby residents who can
come to the aid of pedestrians in distress—contributing to a
greater perceived sense of safety44. Additionally, we find that
the likelihood of public transit use increases as gross popu-
lation density increases, aligning with previous findings7–10.
This is possible as increasing the number of people in a given
area would increase the utility and cost-effectiveness of tran-
sit services, making them accessible to a greater number of
individuals.

Destination accessibility similarly influences commuting
mode, as it is associated with greater active transportation use,
agreeing with past literature7. This is likely because as ac-
cessibility increases, average trip distance decreases, thus in-
creasing the practicality of walking or biking as a true mode
of transportation11.

Meanwhile, land-use diversity decreases the likelihood of
active transportation, contradicting previous findings7,9. A
potential reason for this incongruity may be due to the fact

that this study examined only travel behavior related to work,
while studies such as Cervero and Kockelman’s also analyzed
travel behavior related to recreational activities such as shop-
ping. Additionally, our study evaluated land-use diversity on
the municipal level, a much higher level of aggregation than
that of Cervero and Kockelman, who evaluated land-use di-
versity by census tract, among other methods. Moreover,
because of this less granular measure that considered all ar-
eas–including large open spaces for parks or industrial activ-
ities–within the full extent of metropolises like Philadelphia,
suburban townships such as East Whiteland Township and Up-
per Merion Township emerged with the highest land use mix
indices. Thus, as these townships were car-dependent in na-
ture, the greater spatial aggregation in this study may have led
to a positive association between high land use mix scores and
high rates of private transportation use.

Concluding the above discussion, our findings indicate
that while both built environment and socioeconomic charac-
teristics influence commuting mode in the Delaware Valley
Region, certain socioeconomic variables—especially vehicle
access—exhibit the largest association with commuting mode.
Built environment variables remained significant yet consis-
tently exhibited smaller effect magnitudes than socioeconomic
variables such as vehicle ownership, and in the case of pub-
lic transportation, race. Thus, because these socioeconomic
variables are strongly associated with commuting mode and
inherently liable to vary across individuals, our study suggests
that the behavioral impact of the built environment is unlikely
to remain uniform across distinct demographics. Furthermore,
such patterns likely indicate that travel behavior is not simply
a rational response to an optimization problem, but rather one
subject to socioeconomic constraints that are shaped by habit-
ual and social contexts. For instance, the dominance of vehicle
ownership in our model may have been partly due to the role
of habit in sustaining car-use. As our model does not directly
capture the associations between these underlying factors—
habit, perceived risk, and social norms—these behavioral and
social-practice perspectives are merely interpretations of our
results. Taken in total, these findings suggest that commuting
mode reflects a continuous and nuanced interaction between
both demographic characteristics and spatial factors, necessi-
tating policy interventions that are implemented on a city-by-
city basis.

Limitations

Certain socioeconomic and built environment variables—such
as the number of children in each household, the number
of streets with paid parking, and the number of streets with
sidewalks—that are found in studies such as Cervero and
Kockelman (1997) and others were omitted in this study pri-
marily due to difficulties in obtaining the requisite data7. Ad-
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ditionally, while this study didn’t consider the effect of atti-
tudinal factors–such as the differing travel behavior between
individuals classified as “pro-environment” and “suburbanite”
–past studies have suggested that these may influence com-
muting behavior more than either socioeconomic or built en-
vironment variables14. Also, certain studies in the past have
used the latitude and longitude coordinates of residences to
determine their exact distance from the nearest transit stop,
among other uses. As the DVRPC’s HTS’s smallest spatial
reference for a given household’s location was by TAZ, this
study instead found the density of transit stops per TAZ. Our
study sample, as mentioned previously, is also a majority-
white sample, and thus our results cannot be extrapolated to
more diverse populations.

Moreover, because the cross-sectional design of our study
cannot properly control for residential self-selection bias, the
stated associations between our built environment variables
and commuting mode may be partly due to prior preferences.

Additionally, due to the difficulty in finding data at the
TAZ or a finer geographic scale, a number of the dates of
the sources used to calculate built environment characteris-
tics were not from 2012-2013, when the HTS was conducted.
Population census data at the census block level was taken
from the 2010 US Census. Land-use diversity data relied on
information from a 2015 DVRPC land-use file. Data on tran-
sit stops were all taken from 2025 SEPTA and NJ Transit’s
GIS files. Given the changes to transit stops that may occur
throughout a decade, our transit accessibility variable in par-
ticular may not fully capture the transit accessibility faced by
survey respondents. However, as critical transit corridors and
service routes typically stay relatively stable over time, the
variable can still provide a rough indication of the degree to
which a particular locality has access to transit.

Conclusion

This study utilized a multinomial logit model to evaluate the
impacts of socioeconomic and built environment variables on
commuting behavior in the Delaware Valley Region, a region
located in the Northeast of the United States that contains a
mix of both suburban and urban environments. Ultimately,
our research successfully demonstrated that certain socioeco-
nomic variables, such as race, gender, vehicle ownership, and
household size, as well as certain built environment variables,
such as street intersection density, population density, land-use
diversity, and destination accessibility, have clear associations
with commuting mode.

This study fills a gap in the existing literature by examin-
ing both socioeconomic and built environment determinants
of commuting mode across a large, heterogeneous region,
thus identifying the most robust predictors whose impacts are
largely independent of whether a region is predominantly ur-

ban or suburban. Furthermore, unlike previous studies done
in the Delaware Valley Region, this study evaluated a range
of built environment variables, such as a gravity-based desti-
nation accessibility measure that uses an exponential decay
impedance function and accounts for intrazonal travel dis-
tances. Additionally, the study challenges the assumption that
travel behavior follows a rational-instrumental model; instead,
it indicates that travel behavior is shaped by socioeconomic
factors that are grounded in habitual, social, and structural
contexts.

Politicians and urban planners alike frequently consider
changes to public infrastructure or zoning policies to revitalize
a downtown or spur redevelopment. They focus on bills that
will loosen rigid zoning policies or argue over the validity of a
new bike lane proposal. While this study has shown that such
modifications to the built environment will most likely pro-
duce some impact on their constituents’ lives, it also demon-
strates that the true scale of these changes, as well as the type
of change they engender, will be shaped by the unique demo-
graphic profiles of each city. For instance, a city with a major-
ity female population that attempts to protect cyclists in traf-
fic only through speed limit restrictions or educational cam-
paigns, but not through tangible safety enhancements to streets
themselves, may find it extremely difficult to bring about an
increase in cycling, as women are generally more risk-averse
in terms of commuting behavior than men are, and thus are
more opposed to commuting by bike. Thus, future applica-
tions of this research may include policy or infrastructure ini-
tiatives that promote changes in a city’s physical elements that
account for each city’s particular demographics.
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