
 

 

저 시-비 리-동 조건 경허락 2.0 한민  

는 아래  조건  르는 경 에 한하여 게 

l  저 물  복제, 포, 전송, 전시, 공연  송할 수 습니다.  

l 차적 저 물  성할 수 습니다.  

다 과 같  조건  라야 합니다: 

l 하는,  저 물  나 포  경 ,  저 물에 적  허락조건
 확하게 나타내어야 합니다.  

l 저 터  허가를  러한 조건들  적 지 않습니다.  

저 에 른  리는  내 에 하여 향  지 않습니다. 

것  허락규약(Legal Code)  해하  쉽게 약한 것 니다.  

Disclaimer  

  

  

저 시. 하는 원저 를 시하여야 합니다. 

비 리. 하는  저 물  리 적  할 수 없습니다. 

동 조건 경허락. 하가  저 물  개 , 형 또는 가공했  경
에는,  저 물과 동 한 허락조건하에서만 포할 수 습니다. 

http://creativecommons.org/licenses/by-nc-sa/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-sa/2.0/kr/


 

 

Does Walkable neighborhood walk more? 

Association between built environment,      

distance, and travel mode choices 

 

 

 

Hyun Joo Eom 

 

 

Department of Urban and Environmental Engineering 

(Urban Infrastructure Engineering) 

 

Graduate school of UNIST 

 

2015 

 



 

 

Does Walkable neighborhood walk more? 

Association between built environment,      

distance, and travel mode choices 

 

 

 

Hyun Joo Eom 

 

 

 

Department of Urban and Environmental Engineering 

(Urban Infrastructure Engineering) 

 

Graduate school of UNIST 

 

 



 

 

Does Walkable neighborhood walk more? 

Association between built environment,      

distance, and travel mode choices 

 

 

A thesis submitted to the Graduate School of UNIST  

in partial fulfillment of the requirements for the degree of  

Master of Science 

 

 

Hyun Joo Eom 

 

 

1. 22. 2015 

Approved by 

_________________________ 

Advisor 

Gi-Hyoug Cho 

 



 

Does Walkable neighborhood walk more? 

Association between built environment,      

distance, and travel mode choices 

 

Hyun Joo Eom 

 

This certifies that the thesis of Hyun Joo Eom is approved. 

01.22.2015 

 

 

____________________ 

Advisor: Gi-Hyoug Cho 

 

____________________ 

Dong Keun Yoon 

 

____________________ 

Jeongseob Kim 

 



i 

Abstract 

The role of built environment on travel behavior is one of the major research in the field of urban 

planning. Previous attempts in the built environment studies have shown that dense, well-connected, 

and diverse environment affect people’s travel behavior, especially on walking. This study aims to 

further examine the impact of such built environments in an attempt to find the level of built 

environment known to influence travel behavior. The travel pattern of elderly and non-elderly by the 

travel distance and the travel mode choice by the neighborhood walkability is also studied. The 2012 

Seoul Metropolitan Household Travel Survey was used to analyze the travel pattern of individuals, in 

their trip origin neighborhood.  

The findings suggest that (1) there are marginal effect of built environments on travel behavior; (2) 

elderly and non-elderly have different travel mode choices for commute and shopping trips; (3) 

elderly are more sensitive to the neighborhood walkability, that the elderly in walkable neighborhood 

are more likely to walk and take public transportation than the non-elderly in walkable neighborhood. 

My thesis suggests that the role of built environments on travel behavior, indeed have positive impact 

in the travel behavior of individuals, by encouraging the likelihood of active travel. However, in 

contrast to the former beliefs that the increased level of built environment would lead to equivalently 

increased active travel, the built environment has its limitations on the ability to encourage active 

travel. 
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1. INTRODUCTION 

 

The association between the built environment and travel behavior is a widely studied subject in the 

field of urban planning. As the goal of urban planners is to improve well-being by creating 

communities that are more livable, efficient, and attractive, studies of behavior within the physical 

environment provide valuable lessons regarding the places in which one lives.  

Of the various activities shared inside communities, travel is directly related to one’s health, social 

interaction, and economic activities. The importance of encouraging travel, especially walking and 

bicycling, is shared by many urban planners. Previous attempts in examining the role of the built 

environment on travel behavior have found that dense, well-connected streets and mixed land uses 

encourage non-motorized means of travel, including walking and cycling. Such built environments 

are understood as pedestrian-friendly and accessible, and thus creating more livable communities. 

While the impact of such neighborhoods on travel behavior has been observed, the level density that 

promotes pedestrian-friendliness and walkability remains unclear, especially in the context of Asian 

countries.  

To further examine the role of the built environment on travel mode choices, this study performed 

analysis on two levels. The first analysis examined the travel behavior of individuals given three built 

environments to identify the effect of built environment factors on travel patterns. The second analysis 

examined the travel behavior of the elderly and non-elderly regarding destinations of different 

distances within the three built environments and the travel mode choice by the level of neighborhood 

walkability. 
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2. Exploring Thresholds of Built Environment Characteristics for  

Walkable Communities: Empirical Evidences from the Seoul Metropolitan Area 

 

2.1 INTRODUCTION 

    It is commonly believed that mode of travel is associated with the characteristics of the built 

environment, which in turn affects destination accessibility (Ewing & Cervero, 2010). In the context 

of the US or Europe, numerous studies have shown that dense (Troped et al., 2010; Van Dyck et al., 

2012; Winters et al., 2010; Yang et al., 2012), well-connected (Boone-Heinonen et al., 2010; Turrell et 

al., 2013; Wineman et al., 2014), and diverse built environments (Christian et al. 2011; Joh et al., 2012; 

Knuiman et al., 2014; Yang et al., 2011) are key features for encouraging walking or cycling. In other 

words, increasing the accessibility or shortening the distance to destinations by modifying 

conventional development patterns in denser environments is one of the approaches for reducing 

vehicle miles traveled and increasing active travel.  

    Dense cities, however, pose many other problems, such as traffic congestion, a shortage of open 

spaces, and environmental pollution. Considering that enjoyment of the experience is an important 

factor for determining one’s mode of travel (Schneider, 2013), overcrowding in cities is not likely to 

encourage walking. Compared with cities in the US, Asian cities, including Seoul, have suffered from 

problems caused by an extremely dense development pattern. Common issues for these cities include 

how to reduce traffic congestion, handle the heat island effect, and address shortages of amenities and 

housing, all of which are related to the dense development patterns of Asian cities (Chen, 2008; 

Madlener & Sunak, 2011). In examining the association between transit ridership and the built 

environment, Sung and Oh (2011) also emphasized that application of the principles of walkable 

communities to densely developed contexts must proceed very carefully, as it may exacerbate already 

congested traffic conditions.  

    Assuming that dense, well-connected, and diverse built environments increase walking, we 

hypothesized that the marginal effect of these characteristics might decrease when these other 

problems exist and that, therefore, there exists a threshold at which the propensity for walking begins 

to decrease. Previous studies primarily examined whether certain characteristics of the built 

environment are significantly related to walking. Simply finding a positive or negative association 

between walking and a certain characteristic of the built environment, however, may not provide 

useful guidance for those seeking practical ways to encourage walking by changing the built 

environment.  

    Perhaps a reason why exploring a threshold at which the propensity for walking begins to 
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decrease  have been so rare is that many studies have been conducted in the context of North 

America, where the density of urban areas is much lower than that of other cities around the world. In 

one of the few studies to examine the built environment’s effects on walking, Frank and Pivo (1994) 

showed that the relationship between population and employment density and preferred modes of 

travel (i.e., private vehicle, public transit, or walking) is nonlinear. In contrast to our study, however, 

their research examined an area with a relatively low density threshold, the Puget region of the US, 

and found that population density should be higher than 13 persons/acre (3,212 persons/km2), a 

moderately low density for Asian cities, to encourage walking.  

    Several studies conducted in dense Asian cities, meanwhile, have provided somewhat mixed 

support for the association between walking and the characteristics of the built environment. A study 

of 1,461 adults residing in four Japanese cities found that high residential density and a moderate level 

of land-use mixture, but not street connectivity, are significantly associated with neighborhood 

walking (Inoue et al., 2010). In a similar study of 9,414 older adults in 8 Japanese municipalities, 

Hanibuchi et al. (2011) revealed that characteristics of the built environment have only a few or 

unexpected associations with walking, whereas characteristics such as the presence of parks affect 

leisure activity. Cerin et al. (2014) reported that land-use mixture and easy access to residential 

entrances are associated with walking for transport in Hong Kong, but that the high level of density in 

Hong Kong is not an important factor when other built environment characteristics are controlled.  

    The International Physical Activity and the Environment Network (IPEN) project, an important 

research project examining the association between neighborhood environment and walking with 

environmentally diverse contexts, found that the density of Hong Kong’s lowest-density 

neighborhood exceeded the density of the highest-density neighborhoods in Adelaide, Austria, and 

Cuernavaca, Mexico (Adams et al., 2014). Sugiyama et al. (2014) also found that the odds of walking 

for recreation increased up to an optimum point as residential density increased before beginning to 

decline. They interpreted this finding to mean that extremely high density in Hong Kong may cause 

barriers to walking, such as pedestrian congestion.  

    In general, previous findings indicate that the effects of the built environment remain a valid 

consideration in the walkable attributes of highly dense Asian cities (Jun et al., 2013; Sung et al., 

2013), but may not be as evident as they are in North American cities. Our study assumed that a 

relationship between the built environment and walking would follow a nonlinear pattern: In low-

density areas, density would have a larger marginal effect on promoting walking than in high- density 

areas, where the marginal effect would decrease as the disutility caused by overcrowding increases.  

    In short, the objectives of this study were (1) to empirically test whether a nonlinear relationship 

between the built environment and walking exists and (2) to identify the threshold of the built 
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environment known to affect walking. Our study region, the Seoul Metropolitan area, has one of the 

highest densities in the world and, we believe, sufficient variation in density and diversity to explore 

the optimum density of the built environment.  

 

2.2. METHODS  

a. Study Area and Samples  

    To analyze the travel patterns of individuals, this study used the 2012 Seoul Metropolitan 

Household Travel Survey (SMHT), which collects socio-demographic information and data regarding 

all trips taken by household members on a designated day. The participants were asked to fill out the 

survey form on a Thursday of a given week to provide demographic information, including gender, 

age, driver’s license status, employment status, number of household members, home occupation type, 

and household income, and detailed travel information, including start/end time, duration, purpose, 

origin/destination, and mode of travel for each trip.  

    The study area, the Seoul Metropolitan area, includes three administrative districts: the city of 

Seoul, the city of Incheon, and Gyeonggi province. The Seoul Metropolitan area covers approximately 

12% of the total land in Korea; includes 48.2% of the country’s population; and comprises 1,107 

neighborhoods of an average size and population of 10.97 km2 and 21,590 people, respectively, 

comparable to the size of census block groups in the US. Respondents were recruited throughout the 

study area using a mixture of cluster and random sampling methods. Several sub-neighborhoods, the 

smallest units of statistical areas, were sampled from each neighborhood, and participants then 

randomly sampled from the selected sub-neighborhoods. The total number of respondents to the 

SMHT was 554,224, which is approximately 2.5% of total population in Seoul Metropolitan Area. A 

sample of those aged 20 or older who provided all the necessary socio-demographic information was 

used for the analysis. The total number of individuals meeting the study criteria was 412,216.  

    Figure 2.1 shows the spatial distribution of the respondents in the study area. While the number 

of respondents in each neighborhood depended on the total population of the unit and the number of 

respondents in rural areas was relatively smaller than that in urban areas, 372 persons per 

neighborhood were surveyed on average.  
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Figure 2.1 Spatial distribution of samples in the Seoul Metropolitan Area 

 

b. Variables   

Neighborhood Built Environment 

    To quantify the characteristics of the built environment of the respondents’ neighborhoods, the 

home location of each individual was identified using the code of the neighborhood reported during 

home-based trips. To define the characteristics of the built environment, the simple but widely applied 

“3Ds” (density, diversity, and design) concept proposed by Cervero (1997) were used, with density 

understood as a proxy measure for the quality of transit services or shorter distances to destinations 

(Cervero, 1997). Diversity or mixed land use are believed to be associated with a higher propensity 

for walking because distances to destinations are shortened when various types of land uses are 

proximate to each other in the community, and a short distance to the destination increases the 

probability that one will choose walking as the preferred mode of travel. While the concept of design 

is fairly comprehensive and includes architectural design, aesthetics, and landscape, urban designs 

often narrowly adhere to the neo-traditional or “grid pattern” street design. Although this design 

increases accessibility for motorists, if it is very fine grained (i.e., uses grids with 120–150 m street 

intervals), it will likely reduce vehicle use and encourage walking (Cervero, 1997).  

    To measure each dimension of the built environment, we used the variables of (1) population 

density, (2) the Herfindahl-Hirschman Index (HHI), and (3) road connectivity. Based on 2012 census 

data and a shapefile of neighborhoods in ArcGIS, the gross population density of each neighborhood 

was calculated. The HHI is a commonly accepted measure of market concentration used to detect 
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market monopoly that can also be used to assess the level of land-use mixture (Cho & Rodriguez, 

2014). The formula for calculating HHI, where Pi is the percentage of each land-use type in the 

neighborhood and K is the number of land-use types, is as follows:  

 

    The HHI ranges from 1,000 to 10,000, with a score of 1,000 indicating a well-mixed area for 

diverse uses and a score of 10,000 indicating a little-mixed area for a unitary use. We slightly 

modified the land-use classification developed by the Ministry of the Environment for South Korea’s 

land cover map to include the eight land-use classes: residential, industrial, commercial, culture/sports 

facility, traffic zone, public facility, green surface, and water area. Road connectivity was calculated 

using road and neighborhood shapefiles in ArcGIS. 

    A composite walkability measure created using principal component analysis (PCA). As the three 

built environment variables are likely to be correlated with each other, we understood that including 

the three variables in the models simultaneously may not have been an appropriate approach. We thus 

used STATA version 12.1 to define a component representing the walkability of a neighborhood.   

Socioeconomic Factors 

    As noted, the SMHT collects data regarding age, gender, driver’s license status, employment, 

number of household members, home occupation type (owned or rented), and household income. For 

our analysis, job type was classified into two groups: employed (1) and unemployed (0). Gender 

(female: 1), driver’s license status (having a driver’s license: 1), and home occupation type (owned: 1) 

were also treated as binary variables. The number of household members was treated as a continuous 

value and household income was treated as an ordinal value (less than $1,000/month, $2,000/month, 

$3,000/month, $5,000/month, $10,000/month, and over $10,000/month)  

 

2.3. ANALYSIS 

    The measures for the built environment were divided into 15 classes. In deciding on the 

appropriate number of classes, two factors were considered: While the number of classes should be 

sufficiently large to show continuous changes of the marginal effect by the built- environment 

intensity, it should not be overly large that it reduces the number of samples in each class and weakens 

the power of the models. Table 1 shows the range of levels 1, 5, 10, and 15 classes of the built-

environment dimension.  
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    The built environment of the Seoul Metropolitan area has large variations. For instance, a level 1 

density (2.04–114.8 persons/km2) indicates a pastoral area while a level 15 density represents an 

extremely dense urban area (38,139–76,084 persons/km2). For examining the nonlinear effects of the 

built environment, 15 built-environment factors were represented in the regression analysis with the 

introduction of 14 dummy regressors. 

    Since the structure of the data was two-leveled, multilevel mixed-effect models were used to 

account for the variability at the neighborhood (level 2) and individual (level 1) levels. The model 

comprised two parts. The first was a multilevel logistic regression for the occurrence of outcomes that 

estimates the probability of a positive versus a zero value (Sundquist et al., 2011). Three multi-level 

logistic models were developed to account for three modes of travel—walking, public transit and 

private vehicle use—and the influence of the built environment on the occurrence of each mode was 

compared. The outcome was a binary variable indicating the individual prevalence of walking, taking 

public transit, and driving during the designated 24-hour period. The second was a multilevel linear 

model for the duration of walking trips in cases where the response was greater than zero. Thus, the 

second model did not include those who did not take walking trips on the study day. Due to the 

positively skewed distribution of activity outcomes (Forsyth et al. 2007: Cochrane et al., 2009), the 

data regarding the duration and number of walking trips per day were transformed to a normal 

distribution using log transformation.  

    Presumably, high density, land-use mixture, and road connectivity are strongly associated with a 

higher propensity for walking, so the reference group for each analysis was set at the highest density, 

most highly mixed, and most highly connected area (class 15). Statistical analyses were conducted 

using STATA version 12.1 software. 

 

Table 2.1 Ranges of the built environment classes 

Class 
1  5  10  15 

Min Max  Min Max  Min Max  Min Max 

Population density 2.04 114.8  3397.2 6104.6  18,487.9 21,221.5  39,139.4 76,084.3 

Road density 0.96 4.1  9.02 10.32  17.77 19.62  35.05 104.92 

HHI 8,098.4 9,613.4  4,926.1 5,526.4  3,203.1 3,451.3  1,545.8 2,307.2 
Walkability -2.87 -2.24  -1.05 -0.65  0.58 0.78  1.91 8.05 

 

 



８ 

2.4 RESULTS 

    Table 2.2 shows the descriptive statistics of the variables. The mean age of the sample population 

was 45 years. The percentage that was female was approximately 47%, the percentage with a driver’s 

license was approximately 77%, the percentage that was employed was approximately 77%, and the 

percentage that was living in an owned house was approximately 69%. The average household size 

was 3.4 and the average number and duration of walking trips per day was 0.52 and 10.7 minutes, 

respectively. These values are the same as and slightly more than, respectively, those for walking trips 

reported in the 2009 US National Household Travel Survey (0.52 trips and 6.8 minutes, respectively; 

Pucher et al., 2011) but less those reported in a 2008 travel survey in Germany (1.30 trips and 18.5 

minutes, respectively; Buehler et al., 2011).     

    The mean gross population density of the neighborhoods was 18,614.6 persons/km2 (standard 

deviation = 13,496 persons/km2). This figure shows that population of the Seoul Metropolitan area is 

one of the densest in the world, comparable to that of Mumbai and Kolkata in India, Shenzhen in 

China, and Taipei in Taiwan. The average road connectivity of the study regions was 0.16 (standard 

deviation = 0.09) and the average HHI was 4075.5 (standard deviation = 1638.5). 

 

Table 2.2 Summary statistics for the variables in the analysis 

Variable Unit  Mean S.D. Min Max 
Socio-economic characteristics  

    
Age Year  44.8 13.4 20 110 
Driver’s license %  76.9    
Proportion of female %  46.9    
Proportion of employed %  76.7    
Household member Person  3.4 1.1 1 8 
Proportion of home owner %  68.9 0.7 1 4 
Household income Relative scale  3.3 1.2 1 6 
Walking Trip characteristics  

    
Number of walk trip #/day  0.52 1 0 8 
Duration of walk trip min/day  10.7 27.9 0 790 
Built Environment characteristics  

    
Population density Person/ km2  18614.6 13496.2 2 76084.3 
Road density km/ km2  18.08 10.69 0.96 104.92 
HHI Relative scale  4075.7 1638.5 1545.8 9613.4 
Walkability Relative scale  0.2527 1.27 -2.87 8.05 
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a. Population Density 

    Figure 2.2 (a) and Table 2.3 show the association between the occurrence of walking and 

population density. For residents living in the lowest density areas, the odds of taking walking trips 

and public transit were 0.43- and 0.20-fold less, respectively, than for those who live in the densest 

areas. In other words, the odds of taking walking trips increase as the residential density increases. 

The marginal effect of density, however, sharply declines once the density exceeds level 7 or 8; thus, 

increasing density has a limited effect on encouraging walking trips.  

    In contrast, for residents living in the lowest density areas, the odds of taking private vehicle trips 

are 3.38 higher than the odds for those who live in the densest areas. The odds of taking private 

vehicle trips also gradually decreases. When the level of residential density exceeds 10, the odds of 

taking private vehicle trips are not statistically different from the odds for those who live in the 

densest areas. 

Table 2.3 Results of multilevel logistic models – population density 

 Walk  Public transportation  Private Vehicle 
Variable OR z  

 OR z  
 OR z  

Population density   
 

   
 

   
D1 0.43 -11.03 **  0.20 -16.31 **  3.38 15.8 ** 
D2 0.51 -9.88 **  0.25 -15.39 **  3.18 16.2 ** 
D3 0.60 -7.92 **  0.37 -11.52 **  2.76 14.7 ** 
D4 0.73 -4.89 **  0.56 -6.84 **  2.00 10.14 ** 
D5 0.79 -3.81 **  0.59 -6.22 **  1.97 9.92 ** 
D6 0.86 -2.36 *  0.70 -4.29 **  1.60 6.91 ** 
D7 0.94 -1.01  

 0.75 -3.47 **  1.41 5.07 ** 
D8 0.97 -0.49  

 0.83 -2.15 *  1.32 4.1 ** 
D9 0.97 -0.56  

 0.80 -2.65 **  1.32 4.05 ** 
D10 0.96 -0.61  

 0.92 -0.94  
 1.22 2.87 ** 

D11 1.01 0.18  
 0.96 -0.53  

 1.11 1.5  
D12 1.02 0.28  

 0.94 -0.77  
 1.09 1.22  

D13 1.05 0.84  
 0.97 -0.42  

 1.07 0.96  
D14 1.03 0.46  

 1.05 0.58  
 0.98 -0.27  

D15 (Reference group)  
 

   
 

   
Socio-economic characteristics  

 
   

 
   

Age 1.02 63.42 **  0.97 -105.43 **  1.02 54.47 ** 
Gender 2.13 81.54 **  1.43 44.3 **  0.60 -60.61 ** 
License 0.70 -38.11 **  0.41 -102.23 **  5.82 155.62 ** 
Job 0.48 -75.48 **  1.34 30.35 **  1.12 11.54 ** 
Home member 1.06 15.5 **  0.93 -21.29 **  1.04 10.4 ** 
Home occupancy 0.78 -27.69 **  1.24 26.87 **  0.94 -7.46 ** 
Home income 0.89 -32.06 **  0.92 -26.01 **  1.30 74.36 ** 
LL -204780.11    -244426.3    -238090.88   
Random-effects 0.3759    0.5177    0.4118   
* p<0.05 ** p<0.01   
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    The duration of walking trips per day (Figure 2.3, Table 2.7) also indicated a positive association 

between population density and the duration of walking trips when the density increased to level 10, 

or 18,400 persons/km2, while the association becomes much weaker when the density increased 

higher than level 10. 

 

b. Land-use Mixture 

    Figure 2.2 (b) and Table 2.4 indicate that the marginal effect of land-use mixture on the 

propensity for walking tends to decrease as the level of land-use mixture approaches between 6 and 7. 

For residents living in areas with the lowest levels of land-use mixture, the odds of taking walking 

trips are 0.46 times lower than the odds for those who live in highly mixed areas. Statistically, 

however, when HHI exceeds 3,721 (level 7), the odds of walking do not increase. Consistent with the 

results shown for population density, land-use mixture is positively associated with the number and 

duration of walking trips but in a nonlinear manner. Figure 2.3 and Table 2.7 show that the duration of 

walking trips per day does not significantly increase when the level of land-use mixture increases 

beyond level 4 or 2,982.  

    For residents living in areas with the lowest levels of land-use mixture, the odds of taking vehicle 

trips are 2.83 times higher than the odds for those who live in highly mixed areas. Residents living in 

a level 6 land-use mixture area have not statistically different odds of taking vehicle trips than those 

living in areas with the highest levels of land-use mixture.   
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Table 2.4 Results of multilevel logistic models – HHI 

 Walk  Public transportation  Private Vehicle 
Variable OR z   OR z   OR z  
Herfindahl-Hirschman Index   

 
   

 
   

HHI1 0.46 -10.68 **  0.25 -13.59 **  2.83 12.27 ** 
HHI2 0.57 -7.75 **  0.40 -9.15 **  2.14 8.94 ** 
HHI3 0.69 -5.29 **  0.40 -9.01 **  1.98 8.09 ** 
HHI4 0.71 -4.96 **  0.56 -5.81 **  1.66 6.08 ** 
HHI5 0.79 -3.52 **  0.69 -3.83 **  1.45 4.51 ** 
HHI6 0.85 -2.41 *  0.88 -1.3  

 1.15 1.73  
HHI7 0.89 -1.77  

 0.90 -1.09  
 1.07 0.83  

HHI8 0.84 -2.5 *  0.89 -1.21  
 1.18 1.98 * 

HHI9 0.97 -0.39  
 0.88 -1.34  

 1.08 0.95  
HHI10 0.94 -0.95  

 0.84 -1.81  
 1.17 1.89  

HHI11 0.98 -0.32  
 0.82 -2.08 *  1.16 1.8  

HHI12 1.00 -0.06  
 0.86 -1.56  

 1.10 1.13  
HHI13 1.00 0  

 0.85 -1.69  
 1.08 0.91  

HHI14 1.06 0.79  
 0.95 -0.53  

 0.99 -0.12  
HHI15 (Reference group)  

 
   

 
   

Socio-economic characteristics  
 

   
 

   
Age 1.02 63.28 **  0.97 -105.59 **  1.02 54.68 ** 
Gender 2.13 81.55 **  1.43 44.34 **  0.60 -60.65 ** 
License 0.70 -38.17 **  0.41 -102.27 **  5.82 155.59 ** 
Job 0.48 -75.62 **  1.34 30.34 **  1.13 11.62 ** 
Home member 1.06 15.69 **  0.93 -21.15 **  1.04 10.15 ** 
Home occupancy 0.78 -27.87 **  1.24 26.79 **  0.94 -7.46 ** 
Home income 0.89 -31.89 **  0.92 -26 **  1.30 74.22 ** 
LL -204812.89    -244521.3    -238223.61   
Random-effects 0.3898    0.5804    0.4847   
* p<0.05 ** p<0.01           

 

c. Road Density 

    Figure 2.2 (c) and Table 2.5 show the associations between road connectivity and walking 

behavior. The positive effect of road connectivity on the propensity for walking is consistent with the 

main findings reported in the previous literature. The respondents residing in the CON 1 areas have 

0.47 and 0.25 times lower odds of taking walking and public transit trips than those who live in the 

reference areas. Figure 2.3 and Table 2.7 indicate that road connectivity is not significantly associated 

with the duration of walking trips when the density increases beyond CON 6 or 10.3km/km2.  

    Unlike the pattern found regarding the relationship between population density and walking, no 

dramatic decline in the marginal effect was found for road density. Statistically, the influence of road 

connectivity on the probability of taking walking trips is sustained until road connectivity reaches 

level 9. Although the pattern of decreasing marginal effect is not as clear as that for population density 

or land-use mixture, it is clear that the associations between road connectivity and walking do not 



１２ 

follow a linear relationship.  

    The respondents residing in the CON 1 areas have 3.50 times higher odds of taking vehicle trips 

than those residing in the reference areas. The negative association between road connectivity and 

vehicle trips gradually decreases until the level of density reaches CON 13. 

Table 2.5 Results of multilevel logistic models – Road density 

 Walk  Public transportation  Private Vehicle 
Variable OR z  

 OR z  
 OR z  

Road density   
 

   
 

   
RD1 0.47 -10.02 **  0.25 -12.8 **  3.50 15.39 ** 
RD2 0.52 -9.54 **  0.49 -7.03 **  2.44 11.58 ** 
RD3 0.63 -7.1 **  0.44 -8.23 **  2.50 12.15 ** 
RD4 0.62 -7.15 **  0.42 -8.77 **  2.68 13.04 ** 
RD5 0.62 -7.28 **  0.59 -5.34 **  2.09 9.78 ** 
RD6 0.69 -5.75 **  0.60 -5.28 **  2.11 9.93 ** 
RD7 0.76 -4.29 **  0.59 -5.42 **  2.06 9.67 ** 
RD8 0.81 -3.19 **  0.65 -4.46 **  1.88 8.44 ** 
RD9 0.87 -2.21 *  0.85 -1.64  

 1.48 5.23 ** 
RD10 0.93 -1.1  

 0.84 -1.75  
 1.41 4.64 ** 

RD11 0.96 -0.62  
 0.89 -1.22  

 1.27 3.22 ** 
RD12 0.97 -0.49  

 0.83 -1.87  
 1.29 3.39 ** 

RD13 0.95 -0.83  
 0.93 -0.77  

 1.23 2.81 ** 
RD14 1.05 0.79  

 0.91 -0.93  
 1.09 1.16  

RD15 (Reference group)  
 

   
 

   
Socio-economic characteristics  

 
   

 
   

Age 1.02 63.17 **  0.97 -105.72 **  1.02 54.78 ** 
Gender 2.13 81.54 **  1.43 44.31 **  0.60 -60.6 ** 
License 0.70 -37.97 **  0.41 -102.15 **  5.81 155.49 ** 
Job 0.48 -75.88 **  1.34 30.14 **  1.13 11.9 ** 
Home member 1.06 15.63 **  0.93 -21.14 **  1.04 10.18 ** 
Home occupancy 0.78 -27.9 **  1.24 26.73 **  0.94 -7.36 ** 
Home income 0.89 -31.36 **  0.92 -25.59 **  1.29 73.49 ** 
LL -204791.79   

 -244572.74   
 -238167.43   

Random-effects 0.3774   
 0.5929   

 0.4449   
* p<0.05 ** p<0.01   

 
   

 
   

 

d. Walkability 

    As the eigenvalue of the first and second components were found to be 2.14 and 0.58 

respectively, use of the one-component model seems reasonable. Higher walkability scores indicate 

higher density, land-use mixture, and road connectivity.  

    The results shown in Figure 2.2 (d) indicate a similar pattern regarding road connectivity. For 

residents living in the least walkable neighborhoods, the odds of taking walking trips and public 

transit are 0.41 and 0.21 times lower, respectively, than the odds for those who live in the most 
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walkable areas. The odds of taking walking trips, in other words, increases as walkability of a 

neighborhood increases. When the level of walkability exceeds 9, the marginal effect of density 

sharply declines.  The multilevel linear model also shows that the duration of walking trips per day 

does not increase when the level of walkability is higher than level 4 (Figure 2.3 and Table 2.7).  

    With regard to private vehicle trips, the results do not indicate the existence of a clear walkability 

threshold. For residents living in the least walkable neighborhoods, the odds of taking vehicle trips are 

4.06 times higher than the odds for those who live in the most walkable neighborhoods. The odds 

ratio gradually decreases as the walkability increases until the level of walkability reaches level 14. 

Table 2.6 Results of multilevel logistic models – Walkability 

 Walk  Public transportation  Private Vehicle 
Variable OR z  

 OR z  
 OR z  

Walkability    
 

   
 

   
W1 0.41 -12.37 **  0.21 -15.67 **  4.06 18.52 ** 
W2 0.49 -10.6 **  0.32 -12.03 **  2.94 14.85 ** 
W3 0.63 -7.24 **  0.31 -12.83 **  3.11 16 ** 
W4 0.57 -8.75 **  0.43 -9.15 **  2.94 15.29 ** 
W5 0.72 -5.24 **  0.56 -6.36 **  2.20 11.26 ** 
W6 0.72 -5.15 **  0.70 -3.99 **  1.88 9.02 ** 
W7 0.84 -2.8 **  0.66 -4.64 **  1.79 8.3 ** 
W8 0.86 -2.34 *  0.75 -3.12 **  1.65 7.17 ** 
W9 0.92 -1.31  

 0.80 -2.53 *  1.50 5.77 ** 
W10 0.98 -0.33  

 0.77 -2.9 **  1.44 5.2 ** 
W11 1.01 0.16  

 0.75 -3.15 **  1.41 4.89 ** 
W12 0.94 -0.97  

 0.91 -1  
 1.24 3.13 ** 

W13 0.91 -1.55  
 0.88 -1.47  

 1.30 3.71 ** 
W14 1.00 -0.07  

 0.91 -0.99  
 1.13 1.77  

W15 (Reference group)  
 

   
 

   
Socio-economic characteristics  

 
   

 
   

Age 1.02 63.33 **  0.97 -105.55 **  1.02 54.6 ** 
Gender 2.13 81.54 **  1.43 44.32 **  0.60 -60.61 ** 
License 0.70 -38.05 **  0.41 -102.18 **  5.81 155.57 ** 
Job 0.48 -75.62 **  1.34 30.29 **  1.13 11.69 ** 
Home member 1.06 15.58 **  0.93 -21.2 **  1.04 10.29 ** 
Home occupancy 0.78 -27.75 **  1.24 26.82 **  0.94 -7.43 ** 
Home income 0.89 -31.92 **  0.92 -25.83 **  1.30 74.02 ** 
LL -204748   

 -244449.74   
 -238057.71   

Random-effects 0.3621   
 0.5404   

 0.4092   
* p<0.05 ** p<0.01   
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Table 2.7 Results of multilevel logistic models for duration of walking (log transformed) 

 Population  Road  HHI  Walkability 
Variable OR z  

 OR z  
 OR z  

 OR z  
Density level   

 
   

 
   

 
   

D1 -0.25 -8.03 **  -0.14 -5.19 **  -0.17 -6.49 **  -0.24 -8.41 ** 
D2 -0.22 -8.99 **  -0.06 -2.41 *  -0.11 -4.55 **  -0.14 -6.12 ** 
D3 -0.21 -10.02 **  -0.07 -3.22 **  -0.10 -4.5 **  -0.15 -6.99 ** 
D4 -0.11 -5.4 **  -0.07 -3.27 **  -0.08 -3.67 **  -0.09 -4.51 ** 
D5 -0.05 -2.79 **  -0.05 -2.3 *  -0.03 -1.34  

 -0.03 -1.3  
D6 -0.06 -3.17 **  -0.04 -1.99 *  0.00 -0.2  

 -0.02 -0.99  
D7 -0.03 -1.7  

 -0.02 -0.82  
 -0.01 -0.65  

 -0.03 -1.63  
D8 -0.04 -2.16 *  -0.01 -0.42  

 0.00 0.14  
 -0.05 -2.35 * 

D9 -0.06 -3.37 **  0.01 0.33  
 0.00 0.08  

 0.01 0.42  
D10 -0.02 -1.35  

 0.01 0.57  
 -0.01 -0.46  

 0.01 0.35  
D11 0.00 -0.01  

 0.02 1.04  
 0.01 0.59  

 -0.01 -0.74  
D12 -0.02 -1.04  

 0.03 1.54  
 0.02 0.79  

 0.01 0.27  
D13 -0.03 -1.7  

 0.03 1.38  
 0.00 0.15  

 0.03 1.59  
D14 -0.03 -1.4  

 0.04 1.98 *  0.01 0.48  
 0.00 0.11  

D15 (Reference group)  
 

   
 

   
 

   
Socio-economic characteristics  

 
   

 
   

 
   

Age 0.00 14.5 **  0.00 14.2 **  0.00 14.39 **  0.00 14.39 ** 
Gender -0.03 -6.6 **  -0.03 -6.37 **  -0.03 -6.43 **  -0.03 -6.5 ** 
License -0.06 -11.84 **  -0.06 -11.55 **  -0.06 -11.8 **  -0.06 -11.76 ** 
Job -0.18 -35.27 **  -0.18 -35.86 **  -0.18 -35.53 **  -0.18 -35.5 ** 
Home member -0.01 -3.82 **  -0.01 -3.58 **  -0.01 -3.53 **  -0.01 -3.72 ** 
Home occupancy 0.04 6.93 **  0.03 6.5 **  0.03 6.59 **  0.03 6.81 ** 
Home income -0.03 -14.65 **  -0.03 -13.81 **  -0.03 -14.38 **  -0.03 -14.43 ** 
LL -109261.7  

 -109328.65  
 -109319.36  

 -109275.98  
Random-effects 0.0917   

 0.1023  
 0.1019   

 0.0945   
* p<0.05 ** p<0.01   

 
   

 
   

 
   

    
 

   
 

   
 

   
 

Socioeconomic Factors  

    Our analysis of socioeconomic variables showed that female gender, not having a driver’s license, 

unemployment, and older age positively affect the probability of taking walking trips, while higher 

income reduces the number and duration of walking trips. 
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(a) Density 

 

(b) Land-use mixture 
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(c) Street connectivity 

 

 

(d) Walkability 

 

Figure 2.2 Results of multilevel logistic models (a) density, (b) land-use mixture,  

(c) street connectivity, (d) walkability 
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Figure 2.3 Association between duration of walking and level of built environment 

 

2.5. DISCUSSION  

    We attempted to determine the threshold at which built-environment characteristics promote 

walking trips based on the assumption that an optimum level of density, street connectivity, and land-

use mixture may exist within the context of the Seoul Metropolitan Area. Applying the “3Ds” concept 

proposed by Cervero (1997), we empirically examined whether there exists a nonlinear relationship 

between built environment characteristics and walking.  

    Consistent with previous findings, the findings of our statistical modeling revealed that the three 

dimensions of the built environment and a walkability measure combining the three dimensions are 

positively associated with the number and duration of walking trips and a reduction in private vehicle 

trips. However, these associations clearly weaken as the level of density, land-use mixture, and/or 

extent of walkability increases. Thus, the results confirm the existence of a nonlinear relationship 

between walking and the variables of population density, land-use mixture, and road connectivity.  

    Each built environment dimension shows distinct patterns regarding decreased marginal effects 

on walking. Among these patterns we could identify that compact development encourages walking 

until gross density reaches 9,132–16,101 persons/km2, at which point its effect on walking begins to 

rapidly decrease. In a North American context, this level of population density is considerably high. 

The density of the densest area in the US—Manhattan—is approximately 27,135 persons/km2, and 

that of Brooklyn and the Bronx in New York City is 13,168 and 12,853 persons/km2, respectively. 

Thus, the threshold of population density that we identified is similar to the density of the densest 
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regions in the US. 

    However, our results may have somewhat different implications for Asian cities. One of the 

conventional ways for developing new land in Korea is building a new town at the outskirts of an old 

city. In the late 1980s, five new towns, including Bundang and Ilsan, were developed to resolve the 

housing shortage in the Seoul Metropolitan Area. Although these towns provided a vast number of 

new housing units within a short period, the highly dense nature of their development created several 

major problems, such as traffic congestion, a shortage of open spaces, and poor quality urban 

landscapes (Park, 2010). In 2012, the average population density of the five new towns was 

approximately 27,900 persons/km2, with that of Sanbon and Jungdong exceeding 30,000 persons/km2.  

    Emphasizing the need for environmentally friendly development and to provide for much more 

comfortable and pleasant living conditions than did the towns developed in the late 1980s, the 

developers of eight new towns built over the last two decades ensured that the average population 

density would not exceed 12,751 persons/km2 (Park, 2010). This fact suggests that the current level 

of density in Asian cities is understood as comfortable, but that increasing the density beyond that 

which we identified in this study would negatively affect walking conditions. With regard to land-use 

mixture, street connectivity, and walkability, our findings have similar implications. Increasing the 

proportion of non-residential uses in an area is associated with a higher number and duration of 

walking trips because it increases the odds that residents can locate destinations within walkable 

distances. Once the level of land-mixture reaches an optimum, however, the association starts to 

weaken significantly.  

    Frank and Pivo (1994) suggested that the lower threshold of density exists at approximately 

3,212 persons per km2, which corresponds to a level 4 density. However, we did not identify this 

lower threshold in our analysis.  

    The association that we found between walking and socioeconomic factors accords with the main 

findings of the previous literature except those regarding the effect of age. Unlike the results of 

previous studies conducted in the US (Ham et al., 2005), the results of our study suggest that the 

elderly walk more than the non-elderly. Previous study reported that walking trips by the Korean 

elderly are not of shorter duration or lesser number than those of the non-elderly (Choo et al., 2013). 

We speculate that these findings are mainly the result of two unique situations in Korea: (1) a strong 

association between lower income and a higher propensity for walking and (2) a much higher poverty 

level among the elderly than the non-elderly (Choo et al., 2011). 

    In terms of methodological sophistication, this study used a relatively imprecise approach in 

which the specific purpose of walking trips and the influence of neighborhood self-selection were not 
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considered. There were two major reasons why we did not distinguish between the two main purposes 

of trips. First, unlike other studies conducted in the US or Europe, the proportion of recreation-

purpose trips was very small. While only 3.77% of all trips were identified as recreation-purpose trips 

in the travel survey, 82.16% were identified as commuting trips to school or work (82.16%), to 

conduct business (2.81%), to go shopping (3.01%), or fulfill other utilitarian purposes (6.30%).  

    Second, the small number of recreation-purpose trips hindered development of a random 

intercept mixed-effect model with multiple dummy variables because the small number of samples at 

each level of the built environment reduced the power of the statistical model. Perhaps the small 

proportion of the population that engages in recreation is a unique feature of the Seoul Metropolitan 

Area. One day survey might not be sufficient to assess individual travel patterns. The SMHT 

attempted to improve the validity and reliability of responses through expanding the number of 

samples. A final limitation was that although we calculated the length of the streets in each 

neighborhood using ArcGIS, some measurement errors may have occurred because the source of the 

data did not include the smallest level of streets.  

    In spite of these methodological limitations, use of a large sample across a wide variation of 

built-environment characteristics allowed us to examine the hypothesized associations between 

walking and the built environment.  

 

2.6. CONCLUSIONS  

    The literature commonly reports that density, diversity, and road connectivity in the built 

environment promote walking. We hypothesized that the marginal effect of density or diversity on 

walking would decrease and tested whether compact-city principles have similar effects on residents 

living in cities with extremely high densities. The results of our analysis indicate that higher 

population density, land-use mixture, and road connectivity are strongly associated with a greater 

number and longer duration of walking trips until they reach a certain threshold, at which point their 

influence on the built environment begins to decline sharply. Testing the nonlinear relationship 

between walking and built-environment characteristics in different contexts and countries is a 

promising subject for future studies.  
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3. Impact of community walkability on travel mode choice for commuting and shopping  

3.1 INTRODUCTION 

    The shift in population demographics with the increase in the elderly population is a 

phenomenon currently being experienced by most industrialized nations, including the US and 

European and Asian countries. As accessible transportation systems increase individual mobility, 

providing better opportunities for commuting, shopping, and social interaction, the importance of 

examination of the future travel needs and demands of the elderly is certain to increase, as is the 

development of new transportation policies and practices.  

    A number of studies have examined the relationship between the built environment and travel 

behavior among the elderly based on the assumption that the built environment directly responds to 

changes in transportation demand. Their findings suggest that the choice of transportation mode of the 

elderly are indeed influenced by neighborhood characteristics, with those living in transit-friendly 

neighborhoods more likely to use public transit and that neighborhoods with high commercial and 

residential mixture are associated with shorter distance traveled by private vehicle (Kim, 2004; 

Guiliano G, 2004; Mercado 2009). These findings suggest that differences in travel mode choice 

between the non-elderly and elderly are primarily due to differences in average trip distances. 

However, it is not clear whether differences in the mode choice are primarily due to age or distance. 

To better understand travel patterns, the impact of the influence of age on the built environment 

should be examined taking distance into account.  

   The travel mode choice is not the same for all distances but is affected by the trip distance, which 

in turn depends on access to facilities within certain distances (Iacono, 2008). Recent travel behavior 

studies have identified the need to take travel distance into account because the built environment is 

believed to impact both the travel mode choice and trip distance (Scheiner,2010).  

    As empirical research into the travel mode choices of the elderly that account for both the built 

environment and distance is limited, this paper examines the change in travel mode choice among the 

elderly in terms of increase in the length of distance while controlling for built environment factors 

for the purpose of travel. The analysis aims to examine the relationship between residential 

neighborhood characteristics and distance regarding travel mode choice for home-based commuting 

and shopping among the non-elderly and elderly. To do so it attempts to address the following 

questions: (1) How do the travel patterns of the non-elderly and elderly differ by the distance traveled? 

(2) How does travel mode choice change by travel distance and travel purpose? and (3) What is the 

impact of neighborhood walkability on travel mode choice?  
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3.2 METHODS 

a. Study area and samples 

    The primary data used in this study were those collected by the 2012 Seoul Metropolitan 

Household Travel Survey (SMHT). This survey collected socio-demographic information regarding 

each household member and household characteristics and data regarding all trips taken by household 

members, including start/end time, duration, purpose, origin/destination, home-based 

origin/destination, and travel mode for each trip.  

    The study area of the survey was the entire Seoul Metropolitan area, which includes three 

administrative districts: the city of Seoul, the city of Incheon, and Gyeonggi province. Covering 

approximately 12% of the total land in Korea and encompassing 48.2% of the country’s population, 

the Seoul Metropolitan area is comprised of 1,107 administrative units of an average area of 10.97 

km2 and an average population of 21,590 people. The respondents were recruited using a mixture of 

cluster and random sampling methods. The total number of trips examined in this study was 908,071. 

 

b. variables 

Socio-economic factors 

    The individual socioeconomic characteristics examined in this study were age, gender, driver’s 

license status, number of household members, home occupancy, and household income level. Gender 

(0 for male and 1 for female), driver’s license status (0 for not having a license and 1 for having a 

license), and home occupancy (0 for renting and 1 for owning a home) were coded as binary variables. 

The number of household members and children were treated as continuous variables and the 

household income was treated as an ordinal variable (less than $1,000/month, $2,000/month, 

$3,000/month, $5,000/month, $10,000/month, and over $10,000/month). 

Neighborhood walkability 

    To classify neighborhood walkability, the “3Ds” (density, diversity, and design) concept 

proposed by Cervero (1997) was used. Density can be understood as a proxy measure for the quality 

of transit services or shorter distances to destinations (Cervero, 1997). Diversity or land-use mixture is 

associated with greater non-automobile travel, as the distances to destinations are shortened when 

various types of land uses are proximate to each other in the community. A short distance to a 

destination increases the probability that one will choose non-automobile travel as the preferred mode 

of travel.  
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    To measure each dimension of the built environment, population density, road density, and the 

Herfindahl-Hirschman Index (HHI) were used. Based on 2012 census data, the gross population 

density of each administrative unit was calculated. The road density was calculated as the density of 

the road length of each administrative unit. A commonly accepted measure of market concentration 

used to detect market monopoly, the HHI was used to assess the level of land-use mixture (Cho & 

Rodriguez, 2014).  

    The three built-environment characteristics were then calculated using principal component 

analysis (PCA). Given the calculated PCA scores, neighborhood walkability levels were classified 

into four groups: very not walkable, not walkable, walkable, and very walkable. Using this system of 

classification, 100,690 trips were identified as very not walkable, 242,783 as not walkable, 302,934 as 

walkable, and 261,664 as very walkable. By the age groups of elderly and non-elderly, neighborhood 

walkability was grouped into 8 categories, with Y1, Y2, Y3, and Y4 representing the non-elderly in 

very not walkable (Y1) to very walkable (Y4) neighborhoods and O1, O2, O3, O4 representing the 

elderly in the very not walkable (O1) to very walkable (O4) neighborhoods. 

Distance  

    The distances for the center point of the administrative unit of the origin and the administrative 

unit of the destination of each trip were calculated. The trip within the same administrative unit had a 

distance of 0, and the maximum value for the distance was 218,387 meters. The distance of each trip 

was categorized into 10 groups for the analysis. From a travel distance of less than 1000 meters, travel 

distances were grouped by 1,000 meters: a distance less than 1000 meters, less than 2000 meters, less 

than 3000 meters, less than 4000 meters, less than 5000 meters, less than 6000 meters, less than 7000 

meters, less than 8000 meters, less than 9000 meters, and 9000 meters and greater. The average 

distance traveled for all trips was 7,195 meters (standard deviation = 9,230 meters). 

 

c. Analytical Methods 

Principal Component Analysis 

    The three built-environment factors (population density, road density, and land-use mixture) are 

likely to be highly correlated, according to their characteristic of being in either urban or suburban 

neighborhoods. Given such a high correlation, PCA was performed using STATA/IC 12.1 software 

and the first principal component to convert the three built-environment factors into a single factor to 

classify the neighborhood as walkable or not walkable. Estimated scores were converted into four 

groups with a mid-point value of 0, with areas with negative scores grouped into very not walkable 
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and not walkable neighborhoods and areas with positive scores grouped into walkable and very 

walkable neighborhoods. Among the 1,097 municipal units, 222 administrative units were identified 

as very not walkable, 273 as not walkable, 306 as walkable, and 296 as very walkable neighborhoods. 

Multilevel mixed-effects logistic regression 

    As the trip data used in this study were analyzed at both the individual and neighborhood level, 

multilevel analysis was used. Multi-level mixed-effects logistic regression was used to control the 

intra-cluster correlation within the municipal units, given that observations in the same municipal unit 

are correlated because they share common cluster random effects.  

 

3.3 RESULTS  

a. Descriptive statistics 

Table 3.1. Descriptive statistics for socio-economic, travel, and built environment characteristics 

Variable  
Non-elderly (n=835,644)  Elderly (n=72439) 

Unit Mean S.D. Min Max  Mean S.D. Min Max 

Socio-economic characteristics 
        Age Year 42.8 11.01 20 64  70.86 5.2 65 110 

Female % 49.6 
    

44.57 
   Driver’s license (yes) % 80.26     47.94    

Home member Person 3.46 1 1 8  2.54 1.21 1 8 
Home occupancy(owner) % 68.04     79.92    
Home income Relative scale 3.36 1.14 0 6  2.38 1.29 0 6 

Travel characteristics 
         

Duration min/trip 38.41 31.89 1 780  35.31 31.82 1 760 
Distance meter 7377.2 9300.1 0 218,387  5095.7 8092.4 0 92,791 
Commuting trip           
Duration min/trip 41.7 31.61 1 780  37.51 33.42 1 760 
Distance meter 8624.2 9562.3 0 191,449  6220.4 8544.6 0 88,888 
Shopping trip           
Duration min/trip 26.23 23.64 1 745  29.35 24.04 1 610 
Distance meter 3069.4 4909.4 0 82,153  3340.8 5499.2 0 55,688 

Built environment characteristics 
        

Population density person/ km2 18613.2 13396.9 2.04 76084.3  18079.3 13717.5 4.43 76084.3 
Road density km/ km2 17.99 10.56 0.41 104.92  18.91 11.41 0.96 104.92 
HHI Relative scale 4024.5 1606.9 1545.9 9613.5  4204.2 1785.3 1545.9 9613.5 
PCA Relative scale 0.2594 1.24 -2.87 8.05  0.2417 1.37 -2.87 8.05 
Walkable neighborhood % 62.14     62.52 
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    Table 3.1 shows the descriptive statistics for the socioeconomic, travel and built-environment 

characteristics for the elderly and non-elderly. Higher proportions of the non-elderly respondents were 

female and had a driver’s license, more household members, and a higher income, whereas a higher 

proportion of the elderly were homeowners. The average travel duration for the non-elderly and 

elderly was 38 and 35 minutes, respectively, and the average travel distance 7,377 and 5,095 meters, 

respectively. Compared to the non-elderly, the elderly traveled shorter average durations and distances.   

    The average distance for commuting trips for the non-elderly and elderly was 8,624 and 6,220 

meters, respectively, and the average duration of each trip was 41 and 37 minutes, respectively. 

Analysis of the descriptive statistics revealed that the average commuting distance of the elderly was 

2,404 meters and 4 minutes less than that of the non-elderly, indicating that the different travel modes 

of the two age groups cause differences in trip duration and distance. For shopping trips, the average 

distance for the non-elderly and elderly was 3,069 meters and 3,341 meters, respectively, and the 

average duration 26 and 29 minutes, respectively. Thus, for the average shopping trip, the elderly 

travel about 300 meters more and 3 minutes longer than the non-elderly.    

    Analysis of the travel characteristics indicate that the elderly tend to commute shorter distances 

than the non-elderly but that their commuting trips are of a similar duration. These findings indicate 

that the elderly search for jobs closer to their homes than the non-elderly and that their preferred travel 

mode differs from that of the non-elderly. The longer commuting distance of the non-elderly may 

have caused the differences in travel mode choice between the non-elderly and elderly. As Kim (2004) 

found in his study, an increase in distance is associated with a high propensity toward using motorized 

travel modes, suggesting that mode selection is a function of travel distance. However, it is not clear 

whether the actual travel modes chosen by the non-elderly and elderly differ for each travel purpose 

by the difference in the duration of each trip. 

 

b. Travel mode between the elderly and non-elderly 

Table 3.2 Proportion of each travel mode by the travel purpose 

   Whole  Commute  Shopping 

Travel mode Unit  Elderly Non-elderly  Elderly Non-elderly  Elderly Non-elderly 

Walk %  39.90 22.10  30.07 15.76  44.87 42.55 
Public transportation %  36.71 33.59  38.57 34.69  38.48 28.31 
Private vehicle %  23.39 44.31  31.36 49.55  16.65 29.14 
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    For whole trip purposes, the proportion of each travel mode chosen by the non-elderly and 

elderly showed a reverse pattern. The proportion of trips taken by private vehicle by the non-elderly 

and elderly was 44.31% and 23.39%, respectively, while the proportion taken by walking was 22.1% 

and 39.89%, respectively. These findings indicate that more non-elderly traveled private vehicle and 

more elderly traveled, while the proportion of each group that chose public transportation was similar.  

Figure 3.1 Travel mode choice of elderly and non-elderly by (a) commute trip and (b) shopping trip 

 

    For commuting trips, the proportion of trips taken by walking decreased and the proportion taken 

by private vehicles increased for both the elderly and non-elderly. Among the non-elderly, 49.55% 

chose private vehicles, 34.69% public transportation, and only 15.76% walking. Among the elderly, 

38.56% chose public transportation, 30.07% walking, and 31.36% private cars. While similar 

percentages of the elderly and non-elderly chose public transportation (34.69% and 38.56%, 

respectively), the percentage that chose walking and private vehicles varied significantly. In particular, 

the elderly chose walking about two times more than the non-elderly for commuting trips, while the 

non-elderly chose private vehicles about two times more than the elderly for commuting trips. 

    For shopping trips, the highest proportion of both the elderly and non-elderly chose walking 

(42.54% and 44.87%, respectively). The proportion that chose walking for shopping trips was 

significantly greater than the proportion that chose walking for commuting for both the elderly and 

non-elderly. Among the non-elderly, the proportion that chose walking was nearly triple the 

proportion that chose walking for whole purposes, suggesting that the shorter travel distance for 

shopping trips affected choice of travel mode. The proportion that chose public transportation and 

private vehicle use for shopping was similar for the non-elderly and elderly (28.31% and 29.14%, 

respectively). In contrast, the proportion of the elderly that chose public transportation was higher 

(38.47%) and the proportion that chose private vehicle use lower (16.65%). 
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    The travel mode choices of the elderly and non-elderly show that the propensity for walking and 

private vehicle use differs greatly by travel purpose and age group. Assuming that distance is the main 

factor in preference for travel mode, the preference for each travel mode by distance is discussed in 

section c. 

c. Association between independent travel mode and distance  

Figure 3.2 Travel pattern of walking 

    The longest distance group being the reference group (D10), both the elderly and non-elderly 

showed a higher propensity to walk as the distance became shorter. Both the elderly and non-elderly 

had the highest propensity toward walking at a distance less than 1,000 meters (D1) and a propensity 

to decrease the amount of walking as the distance increased. The elderly had higher propensity toward 

walking at shorter distances compared to the non-elderly. 

 

Figure 3.3 Travel pattern of public transportation 
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    Regarding the propensity toward taking public transportation, the elderly and non-elderly 

showed similar travel patterns, namely a higher propensity to take public transit as the distance 

increased. Figure 3.3 shows that compared to the elderly, the non-elderly were more likely to choose 

public transportation at shorter distances compared to the longest distance group (D10). While the 

odds of the elderly taking public transportation were highest for D10, the non-elderly showed a higher 

propensity to take public transportation at shorter distances (D8, D9) than D10.  

 

 Figure 3.4 Travel pattern of private vehicle 

    Figure 3.4 shows the propensity to take private vehicles using D10 as the reference group. As can 

be observed, the elderly and non-elderly showed different propensities toward private vehicle use. 

While both groups showed a decreasing marginal pattern compared to D10, the odds of the elderly 

taking private vehicles were lower than those for D10. Compared to D10, the non-elderly were more 

likely to take private vehicles when the distance exceeded a certain level. This result shows that while 

the elderly are as likely to take private vehicles as D10, the non-elderly are more likely to take private 

vehicles at distances shorter than D10.  

    The travel patterns of the elderly and non-elderly are generally similar for walking and taking 

public transportation but different for taking private vehicles. To further examine these travel patterns, 

the mode choice by age group and travel purpose is examined in section d. 
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Table 3.3 Travel mode choices by distance traveled

 Walk  Public transportation  Private vehicle 

 Elderly Non-elderly  Elderly Non-elderly  Elderly Non-elderly 
Variable OR Z  OR z  

 OR z  OR Z  
 OR z  OR z  

Distance       
 

      
 

      
D1 129.75 80.59 ** 94.92 242.46 **  0.06 -93.31 ** 0.09 -252.05 **  0.38 -32.25 ** 0.48 -95.03 ** 
D2 53.06 64.4 ** 43.29 195.37 **  0.15 -58.89 ** 0.19 -166.65 **  0.54 -16.37 ** 0.75 -30.67 ** 
D3 19.65 46.58 ** 18.44 144.06 **  0.34 -31.45 ** 0.38 -93.4 **  0.78 -6.29 ** 1.01 0.72 ** 
D4 10.76 34.33 ** 8.51 95.51 **  0.55 -15.38 ** 0.57 -50.54 **  0.82 -4.32 ** 1.16 13.44 ** 
D5 5.70 21.98 ** 5.13 63.37 **  0.75 -6.64 ** 0.67 -34.05 **  0.87 -2.79 ** 1.24 17.49 ** 
D6 3.79 15.15 ** 3.13 37.16 **  0.80 -4.94 ** 0.74 -23.5 **  1.00 0  1.26 17.92  
D7 2.56 9 ** 2.58 27.99 **  0.87 -2.73 ** 0.80 -16.59 **  1.01 0.17  1.20 13.24  
D8 2.75 8.9 ** 1.75 13.25 **  1.04 0.7  0.87 -9.55 **  0.80 -3.42 ** 1.14 8.93 ** 
D9 1.75 4.28 ** 1.56 9.81 **  1.16 2.55 * 0.90 -7.05 **  0.80 -3.44 ** 1.12 7.38 ** 
D10 (Reference group)     

 
      

 
      

Socio-economic characteristics     
 

      
 

      
Age 1.01 6.47 ** 1.01 37.12 **  0.99 -3.42 ** 0.96 -162.31 **  0.99 -2.71 ** 1.03 121.45 ** 
Gender 0.91 -3.82 ** 1.76 78.66 **  1.16 7.02 ** 1.75 94.25 **  0.90 -4.32 ** 0.47 -138.46 ** 
License 0.44 -32.9 ** 0.52 -79.77 **  0.50 -30.06 ** 0.33 -154.84 **  5.28 61.5 ** 6.88 208.94 ** 
Home member 1.07 6.84 ** 1.05 13.4 **  1.02 2.03 * 0.93 -27.57 **  0.94 -6.09 ** 1.04 16.81 ** 
Home occupy 0.97 -1.24  0.89 -15.32 **  0.96 -1.88  1.16 25.08 **  1.15 4.94 ** 0.93 -12.73 ** 
Home income 0.93 -7.71 ** 0.88 -41 **  0.87 -16.36 ** 0.86 -56.63 **  1.25 23.55 ** 1.24 85.44 ** 
LL -31768.74   -288409.29   

 -38157.88   -421370.7   
 -32058.4   -457583.3   

Random-effects 0.8461   0.6761   
 0.6399   0.7280   

 0.8437   0.8506   
* p<0.05 ** p<0.01      
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d. Association between travel mode choice, distance, and purpose 

Table 3.4 Travel mode choice between walking vs. private vehicle, and public transportation vs. 

private vehicle 

 Walk vs. Private vehicle  Public transit vs. Private vehicle 

 Elderly Non-elderly  Elderly Non-elderly 
Variables OR z  OR z  

 OR z  OR z  
Distance       

 
      

D1 80.47 63.29 ** 55.08 204.88 **  0.44 -21.96 ** 0.36 -96.46 ** 
D2 45.91 52.38 ** 29.46 165.79 **  0.59 -12.16 ** 0.45 -69.5 ** 
D3 18.96 38.54 ** 14.25 123.24 **  0.73 -7.14 ** 0.58 -47.75 ** 
D4 11.36 29.02 ** 7.18 82.29 **  0.90 -2.25 * 0.67 -33.63 ** 
D5 6.88 20.22 ** 4.52 54.82 **  0.97 -0.66  0.70 -27.79 ** 
D6 3.88 12.91 ** 2.80 31.55 **  0.90 -1.94  0.74 -22.38 ** 
D7 2.45 7.14 ** 2.41 24.55 **  0.94 -1.17  0.79 -16.56 ** 
D8 3.39 9.03 ** 1.76 12.75 **  1.15 2.11 * 0.85 -10.77 ** 
D9 2.37 5.68 ** 1.53 8.95 **  1.22 2.97 ** 0.88 -8.32 ** 
D10 (Reference group)    

 
      

Socio-economic characteristics     
 

      
Age 1.00 -0.15  1.00 -4.68 **  1.00 -0.81  0.96 -145.51 ** 
Gender 0.95 -1.4  2.23 99.64 **  1.15 4.82 ** 2.03 111.1 ** 
License 0.15 -51.12 ** 0.17 -145.04 **  0.20 -52.09 ** 0.14 -198.43 ** 
Home member 1.08 5.85 ** 1.00 0.05  

 1.04 3.19 ** 0.94 -20.94 ** 
Home occupy 0.89 -2.99 ** 0.92 -9.74 **  0.86 -4.62 ** 1.14 19.22 ** 
Home income 0.80 -17.37 ** 0.79 -62.52 **  0.80 -21.33 ** 0.81 -73.54 ** 
LL -18337   -216886   

 -24138   -344371   
Random-effects 1.0408   0.8324   

 0.8318   0.9013   
* p<0.05 ** p<0.01             

 

Figure 3.5 Travel mode choice between (a) walking vs. private vehicle, and  

(b) public transportation vs. private vehicle 

    The travel mode choice between walking and private vehicle use and between public 

transportation and private vehicle use of the elderly and non-elderly is shown in Table 3.4. It shows 

that at all distance groups, both the elderly and non-elderly have a propensity toward walking over 

private vehicle use compared to D10. While the odds of walking decrease as the travel distance 

increases, the probability of walking among the elderly is higher than private vehicle use at shorter 
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distances. Analysis of the travel mode choice between public transportation and private vehicle use 

indicates that the propensity toward public transportation use increases as travel distance increases. 

However, for the non-elderly, the odds of using private vehicles at all distances are lower when 

compared to D10.  

 

Table 3.5Travel mode choice between walking vs. private vehicle by travel purpose 

 Commute  Shopping 

 Elderly Non-elderly  Elderly Non-elderly 
Variables OR z  OR z  

 OR z  OR z  
Distance       

 
      

D1 283.97 29.52 ** 70.18 151.23 **  333.46 14.7 ** 51.90 39.41 ** 
D2 196.48 26.41 ** 40.09 124.97 **  124.87 11.9 ** 26.40 32.12 ** 
D3 74.26 20.94 ** 18.95 94.27 **  30.31 8.35 ** 10.99 22.97 ** 
D4 29.91 15.36 ** 8.79 62.36 **  17.09 6.19 ** 5.61 15.41 ** 
D5 28.79 14.53 ** 5.37 42.22 **  3.10 2.23 * 3.32 9.79 ** 
D6 7.52 7.52 ** 3.09 23.64 **  4.57 2.57 * 2.14 5.58 ** 
D7 2.22 1.95  2.45 17.02 **  1.25 0.34  2.21 5.24 ** 
D8 7.31 6.37 ** 1.81 9.3 **  0.84 -0.23  1.68 2.78 ** 
D9 2.12 1.72  1.70 7.83 **  3.85 1.66  1.29 1.33  
D10 (Reference group)    

 
      

Socio-economic characteristics     
 

      
Age 1.03 3.18 ** 1.01 10.39 **  1.07 4.41 ** 1.00 1.32  
Gender 0.89 -1.2  2.46 73.21 **  2.41 5.59 ** 2.52 22.17 ** 
License 0.04 -30.01 ** 0.17 -86.21 **  0.10 -13.71 ** 0.21 -40.21 ** 
Home member 1.16 4.7 ** 1.03 5.93 **  1.20 2.59 * 1.05 3.16 ** 
Home occupy 0.72 -3.78 ** 0.81 -16.02 **  0.41 -4.72 ** 0.76 -8.22 ** 
Home income 0.69 -12.3 ** 0.81 -37.01 **  0.80 -3.65 ** 0.73 -21.98 ** 
LL -4454.7   -99059.9   

 -1581.3   -17474.0   
Random-effects 1.5988   0.8405   

 2.6760   1.0418   
* p<0.05 ** p<0.01      

 
      

 

Figure 3.6 Travel mode choice between walking vs. private vehicle by travel purpose 
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    The findings regarding travel mode choice between walking and private vehicle use are shown in 

Table 3-5. As can be observed, the elderly and non-elderly have a greater propensity toward walking 

than taking private vehicles for all distances shorter than D10, but the elderly have a higher propensity 

toward walking trips of short distances. Figure 3.6 shows the pattern regarding mode choice between 

walking and private vehicle use. For both commuting and shopping trips, the elderly show a gradually 

decreasing pattern of walking compared to the non-elderly as the distance increases. This finding 

indicates that for trips of the same distance, the elderly are more likely to choose walking than private 

vehicle use compared to the non-elderly. While the commuting and shopping trips of the elderly show 

a gradually decreasing pattern, the slope of the distance for commuting trips is more gradual, showing 

that that elderly are more likely to choose walking at longer distances.  

 

Table 3.6 Travel mode choice between public transportation vs. private vehicle by travel purpose 

 Commute  Shopping 

 Elderly Non-elderly  Elderly Non-elderly 
Variables OR z  OR z  

 OR Z  OR z  
Distance       

 
      

D1 0.31 -15.26 ** 0.39 -61.66 **  0.54 -3.41 ** 0.47 -14.72 ** 
D2 0.62 -5.2 ** 0.53 -38.8 **  0.51 -3.17 ** 0.65 -7.99 ** 
D3 0.78 -2.69 ** 0.66 -25.96 **  0.69 -1.79  0.67 -7.18 ** 
D4 1.12 1.22  0.73 -19.33 **  0.89 -0.51  0.84 -2.84 ** 
D5 1.02 0.18  0.76 -16.68 **  0.92 -0.36  0.69 -5.49 ** 
D6 0.88 -1.36  0.78 -14.24 **  1.23 0.76  0.72 -4.68 ** 
D7 1.03 0.3  0.82 -11.42 **  0.43 -2.95 ** 0.76 -3.6 ** 
D8 1.22 1.73  0.86 -8.1 **  1.21 0.54  0.79 -2.53 * 
D9 1.58 3.76 ** 0.90 -5.73 **  1.38 0.9  0.74 -3.1 ** 
D10 (Reference group)    

 
      

Socio-economic characteristics     
 

      
Age 1.01 1.59  0.96 -89.13 **  1.07 5.56 ** 1.00 2.79 ** 
Gender 1.30 3.33 ** 2.53 104.94 **  1.74 4.54 ** 3.20 27.24 ** 
License 0.07 -34.56 ** 0.12 -132.08 **  0.10 -17.05 ** 0.20 -44.92 ** 
Home member 1.15 6.34 ** 0.98 -5.28 **  1.02 0.31  0.96 -2.84 ** 
Home occupy 0.67 -6.39 ** 1.02 2.02 *  0.50 -4.24 ** 0.93 -2.17 * 
Home income 0.74 -14.32 ** 0.83 -47.68 **  0.86 -3 ** 0.75 -21.67 ** 
LL -7320.2   -209268.4   

 -2005.8   -17249.8   
Random-effects 1.1936   0.9845   

 2.0849   0.9123   
* p<0.05 ** p<0.01      

 
      

 

    The findings regarding travel mode choice between public transportation and private vehicle use 

for commuting and shopping trips are shown in Table 3.6. As can be observed, the elderly have a great 

propensity toward taking public transportation as the distance increases, while the non-elderly are 

likely to choose private vehicle over public transportation at all distances compared to D10. 
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Figure 3.7 Travel mode choice between walking vs. private vehicle by travel purpose 

    Figure3.7, which shows the odds of taking public transportation compared to private vehicle use, 

reveals that while the travel patterns of the elderly and non-elderly differ, their patterns for commuting 

and shopping trips are similar. In the decision between public transportation and private vehicle use, 

age is the main factor in the difference in the preference for public transportation. Regardless of the 

travel purpose, the elderly show a greater propensity toward taking public transportation as the 

distance increases, while the non-elderly show a low propensity toward taking public transportation at 

all distances compared to D10. In other words, the non-elderly are likely to choose public 

transportation over private vehicle use only when the travel distance is relatively long (over 9,000 

meters). For mid- to long-distance trips, the non-elderly prefer private vehicle use.  
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e. Association between neighborhood walkability and travel mode  

Table 3.7 Travel mode choice for commute trips by neighborhood walkability level - origin 

 Commute  Shopping 

 Walk Public transportation  Walk Public transportation 
Variables OR z  OR z  

 OR z  OR z  
Neighborhood walkability level     

 
      

Y1 0.24 -22.56 ** 0.14 -27.69 **  0.18 -16.67 ** 0.22 -16.86 ** 
Y2 0.57 -9.9 ** 0.43 -13.12 **  0.51 -7.71 ** 0.56 -7.53 ** 
Y3 0.81 -3.86 ** 0.73 -5.17 **  0.75 -3.49 ** 0.74 -4.08 ** 
Y4 (Reference group)    

 
      

O1 0.58 -6.46 ** 0.58 -5.88 **  0.19 -11.44 ** 0.45 -6.83 ** 
O2 0.95 -0.69  1.69 6.79 **  0.79 -1.84  0.98 -0.19  
O3 1.25 3.04 ** 2.58 13.17 **  0.91 -0.77  1.07 0.6  
O4 1.63 9.53 ** 3.77 35.8 **  1.47 3.68 ** 1.67 5.12 ** 
Socio-economic characteristics    

 
      

Age 1.01 11.53 ** 0.96 -89.19 **  1.00 2.39 * 1.01 4.33 ** 
Gender 2.40 72.87 ** 2.52 105.55 **  2.36 22.6 ** 2.75 26.94 ** 
License 0.16 -91.62 ** 0.12 -137.32 **  0.21 -42.99 ** 0.20 -48.63 ** 
Home member 1.04 6.59 ** 0.99 -4.02 **  1.06 3.91 ** 0.98 -1.77  
Home occupy 0.82 -16.33 ** 1.01 1.34  

 0.76 -8.84 ** 0.91 -2.92 ** 
Home income 0.81 -39.64 ** 0.83 -50 **  0.74 -22.66 ** 0.76 -21.95 ** 
Distance 0.59 -188.7 ** 1.08 68.28 **  0.58 -66.12 ** 1.07 15.27 ** 
LL -104186   -216662   

 -19236   -19340.3   
Random-effects 0.6497   0.7494   

 0.8763   0.7717   
* p<0.05 ** p<0.01      

 
      

 

Figure 3.8 Travel mode choice for commute trips by neighborhood walkability level - origin 

 

    Analysis of the effect of neighborhood walkability on the propensity to take commuting trips 

revealed that the elderly in walkable (O3) and very walkable (O4) neighborhoods are likely to walk 

more than the non-elderly in very walkable (Y4) neighborhoods. Although the elderly in not walkable 

(O2) neighborhoods showed a similar preference for walking when compared to the non-elderly in 

very walkable (O4) neighborhoods, their preference for taking public transportation is higher. For 

both the elderly and non-elderly, the odds of walking and taking public transportation show an 
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increasing trend as the walkability of the neighborhood increases from Y1 to Y3 and from O1 to O4. 

None of the non-elderly groups showed a higher propensity toward walking or taking public 

transportation compared to the very walkable (Y4) group.  

    Analysis of the effect of neighborhood walkability on the propensity to take shopping trips 

revealed  that the elderly in very walkable (O4) neighborhoods is the only group that has higher odds 

of walking compared to the non-elderly in very walkable (Y4) neighborhoods. The elderly in 

walkable (O3) and very walkable (O4) neighborhoods have higher odds of taking public 

transportation compared to Y4. Similar to the findings regarding commuting trips, the mode choices 

of walking and public transportation show an increasing trend as the walkability of the neighborhood 

increases and that none of the non-elderly groups showed a higher propensity toward walking and 

public transportation. 

 

Table 3.8 Travel mode choice for commute trips by neighborhood walkability level - destination 

 Commute  Shopping 

 Walk  Public transportation  Walk  Public transportation  
Variables OR z  OR z  

 OR z  OR z  
Neighborhood walkability level     

 
      

Y1 0.60 -14.8 ** 0.37 -58.35 **  0.44 -10.29 ** 0.41 -13.55 ** 
Y2 0.89 -6.04 ** 0.73 -27.61 **  0.87 -3.08 ** 0.62 -11.28 ** 
Y3 0.92 -4.89 ** 1.15 13.92 **  0.77 -6.47 ** 0.97 -0.75  
Y4 (Reference group)     

 
      

O1 1.42 5.22 ** 1.54 6.97 **  0.55 -4.44 ** 0.86 -1.41  
O2 1.46 6.5 ** 2.64 22.77 **  1.01 0.13  0.91 -1  
O3 1.49 7.87 ** 4.33 41.32 **  0.96 -0.46  1.64 5.93 ** 
O4 1.59 8.75 ** 3.49 28.74 **  1.69 4.68 ** 1.61 4.37 ** 
Socio-economic characteristics     

 
      

Age 1.01 11.52 ** 0.97 -85.65 **  1.00 2.47 * 1.01 4.55 ** 
Gender 2.40 72.66 ** 2.50 104.14 **  2.39 22.94 ** 2.75 27 ** 
License 0.16 -91.74 ** 0.12 -137.39 **  0.21 -43.12 ** 0.20 -48.6 ** 
Home member 1.04 6.84 ** 0.99 -3.04 **  1.06 4.33 ** 0.98 -1.26  
Home occupy 0.81 -16.67 ** 1.00 0.44  

 0.74 -9.32 ** 0.90 -3.28 ** 
Home income 0.81 -39.37 ** 0.83 -50.89 **  0.74 -22.38 ** 0.76 -21.72 ** 
Distance 0.59 -186.54 ** 1.09 72.43 **  0.58 -66.39 ** 1.06 13.13 ** 
LL -104330  -213939.9  

 -19309.7  -19281.6  
Random-effects 0.7246   0.8187   

 0.9270   0.7815   
* p<0.05 ** p<0.01      
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Figure 3.9 Travel mode choice for commute trips by neighborhood walkability level - destination 

 

    Regarding the walkability of the neighborhood of the destination for commuting trips, the elderly 

in all neighborhood groups have higher odds of walking and taking public transportation compared to 

the non-elderly in very walkable (Y4) neighborhoods. While the non-elderly in not walkable (Y2) and 

walkable (Y3) neighborhoods have lower odds of walking than those in very walkable (Y4) 

neighborhoods, the odds are similar. Although the probability of taking public transportation is 

positively related to the neighborhood walkability of neighborhoods, showing a linear pattern, the 

probability of walking is similar among the neighborhood walkability groups. In particular, the 

probability of walking is almost the same for all elderly groups compared to Y4, suggesting that the 

walkability of the neighborhood of the destination does not have a large impact in encouraging 

walking; rather, age is the major factor. 

    Analysis of the walkability of the neighborhood of the destination for shopping trips revealed 

that except for the elderly and non-elderly in not walkable (Y1 and O1) neighborhoods, all other 

groups were likely to walk more than the group in the very walkable (Y4) neighborhood . While the 

odds of taking public transportation are higher for the elderly, the travel patterns of the elderly and 

non-elderly are similar, especially for walking. For the non-elderly, both the not walkable (Y3) and 

walkable (Y4) groups have a similar propensity toward walking, suggesting that the walkability of the 

neighborhood of the destination does not have a big impact in encouraging walking. Likewise, among 

the elderly groups, the not walkable (O2), walkable (O3), and very walkable (O4) groups have a 

similar propensity toward walking. Both the elderly and non-elderly groups in very not walkable (Y1 

and O1) and not walkable (Y2 and O2) neighborhoods have lower odds of taking public transportation.  
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3.4. DISCUSSION  

    The study results revealed that the elderly and non-elderly have different travel patterns given the 

same travel distances. While the non-elderly have a high propensity for private vehicle use for 

commuting, the elderly have a high propensity for walking, bicycling, and taking public transportation 

for commuting. For shopping, the propensity for walking is similar for the elderly and non-elderly, 

while their propensity for public transportation and private vehicle use differ, with the elderly having 

a lower propensity toward private vehicle. Although the descriptive statistics show that the elderly are 

likely to walk for trips of shorter distances, the logistic regression analysis revealed that given the 

same travel distance, the elderly are more likely to walk compared to the non-elderly. 

    Analysis of the association between travel mode choice and distance revealed that the non-

elderly have lower odds of taking public transportation for all distances except the longest distance. 

The greatest difference in travel patterns concerns private vehicle use, with the non-elderly more 

likely to use private vehicles at shorter than longer distances, while the elderly are unlikely to use 

private vehicles at all distances except the longest distance. Overall, the travel pattern for each travel 

mode is similar for the elderly and non-elderly except for private vehicle use; given the same distance, 

the elderly are more likely to walk and use public transportation while the non-elderly are more likely 

to use private vehicles. 

    Analysis of travel mode choice based on travel purpose revealed that the elderly have a higher 

propensity toward walking than using private vehicles at longer distances for commuting than for 

shopping, indicating that distance is not the only factor that affects tendency toward walking. 

Regarding the choice between public transportation and private vehicle use, the elderly have a higher 

propensity and the non-elderly a lower propensity toward using public transportation for both 

commuting and shopping.  

    The results of this study showed that the elderly and non-elderly have a similar travel pattern for 

shopping trips, while the travel pattern for commuting trips differs by neighborhood walkability. For 

commuting trips, the elderly in walkable (O3) and very walkable (O4) neighborhoods are more likely 

to walk, while the elderly in not walkable (O2), walkable (O3), and very walkable (O4) 

neighborhoods are likely to take public transportation compared to the non-elderly in very walkable 

(Y4) neighborhood. The travel mode choice is particularly sensitive to the walkability of the 

neighborhood of origin, showing a positive linear travel pattern with an increase in walkability. While 

the walkability of destination also showed to encourage travel mode choices by walk and public 

transportation, the walkability level did not seem to much affect the travel mode choice. This pattern 

was especially notable for the elderly, showing that the probability of walking is similar at all 

neighborhood walkability levels of the destination. For shopping trips, the walkability of all except 
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very not walkable (O1) showed similar level of walking. These results regarding the walkability of the 

neighborhood of destination showed that while the probability of public transportation usage is 

primarily affected by the walkability level, the probability of walking is primarily affected by age, 

with the elderly tending to walk more than the non-elderly. 

    Analysis of the effect of the walkability of both the neighborhood of origin and destination on 

travel mode choice suggests that high walkability of the neighborhood of origin encourages the 

elderly to walk more than the non-elderly. In contrast, high walkability of the neighborhood of 

destination is not as important in encouraging walking among the elderly, with the elderly in very not 

walkable (O1) and very walkable (O4) neighborhoods showing a similar propensity toward walking. 

The results thus suggest that high walkability of the origin and destination neighborhoods encourage 

public transportation usage by the elderly; that is, as the walkability of the neighborhood of origin 

and/or destination increases, the elderly are more likely to use public transportation.  

    A higher probability to take public transportation in more walkable neighborhoods can be 

explained by accessibility to the public transit system; that is, neighborhoods with high population 

density, road density, and land-use mixture tend to have high accessibility to public transit systems. 

The results show that compared to the non-elderly, the elderly have a high probability of taking public 

transportation at higher walkability levels, suggesting that the elderly are more sensitive to the 

neighborhood environment than the non-elderly regarding their decision to walk and use public 

transportation.  

    The results also showed that the non-elderly traveling in neighborhoods with walkability levels 

lower than very walkable (Y4) neighborhoods have a lower or similar probability of walking and 

using public transportation. This suggests that the non-elderly are also largely affected by the 

neighborhood walkability level regarding their mode choices. The non-elderly also showed a tendency 

to be more affected by the home neighborhood environment than the destination environment. These 

findings suggest that the home neighborhood environment is more important than the destination 

neighborhood environment in encouraging walking and taking public transportation for both 

commuting and shopping trips. 

 

3.5. CONCLUSION  

    This study examined the travel mode choice of elderly and non-elderly by the travel distances 

and the neighborhood walkability level. The main findings of this study are two-fold. First, the travel 

pattern of elderly and non-elderly are similar in that with the increase in travel distance, the 

probability to walk gradually decrease and the chance of taking public transportation and private 
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vehicle increase. However, it showed that the elderly were more likely to walk than and take public 

transportation when given same travel distance, whereas non-elderly had greater chance to take 

private vehicle. Second, the travel mode choices by the neighborhood walkability showed elderly had 

greater chance to walk and take public transportation than non-elderly at same walkability level. In 

other words, elderly were more sensitive to the neighborhood built environment. 
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4. CONCLUSION 

    The findings of this study can be summarized as the role of built environment on travel behavior 

is effective but as the intensity of the built environment increases, its influence on travel behavior 

declines, showing decreasing marginal effect of built environments. While the thresholds suggested in 

this paper is limited to the context of Korea, and representative to the highly dense Asian cities, such 

concept of the marginal effect of built environment is sure to be applicable to the western countries.  

    The impacts of neighborhood walkability, combining the three built environment concept, 

showed that such neighborhood walkability were especially effective in encouraging the travel 

behavior of elderly. Especially, the travel made by walk/bicycle and public transportation significantly 

increased as the walkability level increased.  

    While the research of the association between the built environment and the travel pattern has 

been studied for long in the western context, such studies are still active in the international settings. 

Particularly, the travel behaviors of sub-populations, the elderly, are in the early stage of study. The 

implications of this study provide a basis for future research on the relationship between built 

environment and travel behaviors, especially in the study of international settings as well as sub-

populations.   
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In the name of the Father, and of the Son, and of the Holy Spirit. Amen 
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