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Abstract— Urban rail transit is being developed in the 
developing countries to alleviate traffic congestion. However, 
station access was generally not good, especially in the area 
within a walking distance around the station. This study 
considered the walkability based on the objective and 
subjective points of view. The case study were the 25 rail 
transit stations in Bangkok. The objective walkability 
evaluation revealed that the station catchment areas were not 
pedestrian-friendly. This study proposed a concept of 
perceived walkability. Based on the structural equation 
modeling, the perceived walkability index was evaluated. The 
results revealed that the pedestrian perceived not only the 
physical conditions of the walkway, such as width and tree, 
but also its subjective attributes, such as safety and 
convenience. The findings provided insights to enhance the 
transit-oriented development along the railway corridor.  

Keywords—Walkability, Urban Rail Transit, Factor Analysis, 

Structural Equation Modeling, Bangkok 

 

I. INTRODUCTION 

As the recent social changes, increases in aging people and 
millennials have led to changes in people’s values in a more 
diverse way. Accordingly, urban infrastructure is increasingly 
required to meet diverse needs. This is particularly the case of 
streets in developing countries. In the typical context, road 
development is focused on for a single issue of traffic 
efficiency to reduce transport time and cost, i.e., to ease the 
traffic flow. As streets were not originally developed to be 
used by pedestrians, sidewalks are neither well provided nor 
secure the minimum levels of walking spaces as the remaining 
road spaces. Moreover, as the traffic congestion in Bangkok 
has been at a critical level for a long time. Urban railways have 
been developed to solve the congestion problems. However, 
access to railway stations are not properly developed. Feeder 
public transport such as shuttle bus is not present, making 
access to/from area farther away is not convenient and 
discouraging the use of railway. The walking environment 
around the station, especially in the 800-m catchment area, are 
not properly developed and maintained in accordance with the 
railway development. Very often, the sidewalks are physically 
narrow, with broken surface, having obstacles and 
encroachment along the route. Moreover, safety against traffic 
and crime were not promised. These conditions discouraged 
people to walk, but rather encouraged to use motorcycle-taxi 
to access railway station. Therefore, there seems to be an 
urgent need to improve walkability around the railway 
stations. To promote transit-oriented development (TOD) in 
Bangkok, city-planning interventions such as promotion of 
transit use and control of car use were found needed, to make 
a greater contribution to transit ridership [1] and to improve 

the quality of life [2]. Applications of the information 
technology were proposed, including Mobility as a Service 
(MaaS) to persuade people to use railway [3], which had great 
impact on land value uplift. In Bangkok, station proximity 
within walking range was found influential to residential 
property [4].  

The current study evaluates the walkability in the station 
catchment area based on the objective and subjective factors. 
The paper is structured as follows. Section 2 describes the 
walkability concept and presents the evaluation of walkability 
around rail transit stations in Bangkok. Section 3 evaluates the  
walkability as perceived subjectively. Finally, Section 4 
describes the policy implications and concludes the paper.  

II. WALKABILITY 

Walkability is a term used to describe and measure the 
connectivity and quality of walkways, footpaths, or sidewalks 
in cities. This can be measured through a comprehensive 
assessment of available infrastructure for pedestrians and 
studies linking demand and supply. Some cities have 
undertaken comprehensive studies and city plans to improve 
walkability. Transport for London [5] defined walkability as 
“the extent to which walking is readily available to the 
consumer as a safe, connected, accessible and pleasant 
activity.” In New Zealand, it was defined as the extent to 
which the built environment is walking-friendly [6]. Abu 
Dhabi developed an Urban Street Design Manual that 
integrates the concept of the pedestrian realm into the overall 
street composition. Other cities, particularly in Europe, 
developed plans and supporting policies specifically to 
improve the walkability and cyclability of the whole city. A 
popular website calculates walkability based on the distance 
from your house to nearby amenities. Walk Score measures 
the ease of a car-free lifestyle, but it excludes any assessment 
of the quality of pedestrian facilities, such as street width and 
block length, street design, safety from crime and crashes, 
pedestrian-friendly community design, and topography. Many 
Asian cities can generate high scores in Walk Score because 
of the traditionally mixed-use character of the cities. Global 
Walkability Index (GWI) is defined  for the World Bank, 
provides a qualitative analysis of walking conditions, 
including the safety, security, and convenience of the 
pedestrian environment [7]. It was originally applied in 
Virginia, USA and further developed and applied in 
Ahmedabad, India. Similarly, GWI was also applied in 
Bandung, Indonesia with some modifications of the 
evaluation items [8]. Likewise, a pedestrian survey were 
conducted in 13 Asian cities, employing these evaluation 
items: the conflicts between pedestrians and other traffic, the 
availability of walking paths, the availability of crossings, 
grade crossing safety, motorist behavior, amenities, disability 
infrastructure, obstructions, and security from crime [9]. The 



evaluations are scored based on the user's subjective 
evaluation of these factors. 

Recent studies attempted to identify the influencing 
factors and components of walkability. Different techniques 
were employed to determine the relative influence of each 
component. Ozawa et.al. identified items that are used to 
evaluate the walkability based on Japanese guidelines [10]. 
These included sidewalk structure, geometry of steps, width, 
surface pavement & conditions, obstacles, cleanliness, 
manholes, electric wires, street lighting, pedestrian signage, 
planting, street furniture, pedestrian crosswalk, pedestrian 
traffic signal, etc. AHP technique was employed to determine 
the weight of each component and subsequently used to 
evaluate walkability. A related study of walk preference in 
Bangkok found that convenience was the basic walking need, 
while comfort, pleasurability, and safety wre higher-level 
walking needs [11]. 

A. Evaluation Items 

Based on the framework proposed and implemented in 
[10], the objective walkability evaluation items employed in 
this study are shown in Table 1.  

TABLE I.  OBJECTIVE WALKABILITY EVALUATION ITEMS 

Items Description 

Sidewalk Separation of walkway and road 

Steps Number of steps in one section  
Height of the step 

Walkaway width Walkway width 

Surface condition Sidewalk surface materials  
Damage condition of the sidewalk   

Obstacles Presence of permanent obstacles  
Presence of movable obstacles 

Cleanliness Cleanliness of the walkway 

Dangerous spots Condition of the manhole cover 
Condition of the electrical wire above 

Lighting Condition of street lighting 

Pedestrian sign Condition of pedestrian signage 

Green Arrangement of trees/plants 

Furniture Condition of street furniture 

Attractiveness Shopping opportunity 
Liveliness of the neighborhood 

Air pollution Exposure to traffic noise 
Exposure to emissions 

 

B. Urban Rail Corridors 

The case study stations in this study were the 25 urban 
railway stations along the three urban railway lines in the 
Bangkok area. They were the selected four, five, and sixteen 
stations of the green line, the blue line, and the purple line, 
respectively. At each of these stations, 5 representative 
locations were selected. The objective walkability was 
evaluated at each of these locations based on the framework 
presented in [10]. The walkability score at each location was 
calculated as a linear combination of the weighted score with 
respect to each evaluation item. The weights were determined 
by employing the AHP technique. Interested readers are 
referred to [10] for more detail calculation procedures. The 
results showing the maximum, minimum, and average values 
of the walkability at each location were summarized in Figure 
1. It is obvious that the walkability values varied considerably 
both within the area around a station and across different 
stations. This indicated a large variation in the walkability 
along the urban railway corridor. For example, the average 

walkability values of the four stations along the green line are 
shown in Figure 2. Although the average values were not very 
different, the variations in the area were relatively large. This 
was because the walkability at the small roads was usually 
smaller than that on the main roads.  

 
Fig. 1. Range of the Walkability Values of the Case Study Stations 

 
Fig. 2. Average Walkability around the four green line stations 

C. Station Catchment Area 

Based on the classical TOD concept [12],  a 800-m (half-
mile) catchment area is considered in this study, however 
various values of the station catchment area has been 
discussed in the literature, ranging from 400 to 800 m in 
different cities, [13]. In this study, the walkability within the 
station catchment area was evaluated at every 25 meters. Due 
to the space limitation, results of the three selected case study 
stations of the green line are shown in this paper, as in Figure 
3. It is obvious that the walkability values vary considerably 
in different area, ranging from less than 2 to more than 3. The 
area near Kasetsart University station, inside the campus, has 
relatively higher walkability compared with the residential 
areas near Sena Nikhom station or the west side of 
Ratchayothin station. This is mainly due to the high density of 
the area where the narrow walkway is not separated from the 
road surface. This finding clearly indicates an urgent need to 
improve the walkability in the area to provide better 
accessibility to the station by walk. 
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Fig. 3. Walkability in the Station Catchment Areas 

III. PERCEIVED WALKABILITY 

The walkability evaluation presented in the previous 
section was based on the objective criteria. However, people 
may perceive the walkability differently, e.g., how friendly, 
and convenient to walk, etc. This section presents an 
evaluation of walkability based on the subjective criteria as 
the walkability may be perceived differently, so vary across 
different people.  

A. Walkability perception survey 

A pedestrian perception survey was conducted in February 
2021. 711 workers and students who usually walk to/from 
railway stations daily were randomly sampled, in which 361 
samples were personally interviewed at the railway stations 
and the remaining 350 samples were interviewed on an online 
platform (SurveyMonkey). After data cleansing, 690 samples 
were valid and were used in the subsequent analysis. The 
questionnaire questions comprised 4 parts as follows. Part 1 
(personal information) included gender, age, marital status, 
occupation, education, income, vehicle availability, etc. Part 2 
(present travel and walking behavior) included average travel 
time (one way) from residence to work or school, average 
travel distance (one way) from residence to work or school, 
modes of daily transport, walking time per day, walking 
purpose, etc. Part 3 (attitude and preference of walking) 
included 10 altitudinal statements on 7-point Likert scale such 
as walking is a time-saving mode of transport; walking is a 
cost-saving mode of transport; walking is a healthy mode of 
transport; I prefer walkway with easy access for people with 
special abilities; I prefer walkway with proper street lighting; 
I prefer a wide, levelled, and clean walkway; I prefer reduced 
and/or slow traffic on road; I prefer walkway free of obstacle; 
I prefer pedestrian bridge at the intersection; I prefer vendors 
or shops available along the walkway. Finally, in the part 4 
(walkway evaluation) three photos of the walkway, which 
were randomly taken from 50 walkway sections, were 
presented to the respondent. The three walkway photos had 
different attributes: physical (width, level, separation from 
road traffic, pavement condition, smoothness, cleanliness), 
convenience (presence of obstacle, greenery, shading or roof, 
pollution level, safety and security (traffic safety, road 
crossing, crime safety or security, attractiveness (nearby 
activities, liveliness, furniture such as bench or sculpture). The 
respondents were asked to evaluate and rate their perception 
of each walkway, respectively.  

B. Descriptive Statistics 

The profile of the samples is described as follows. Gender 
mix was moderate: 57% female and 43% male. Monthly 
income (in Thai Baht) ranged from 1k or less (8%), 1k-2k 
(28%), 2k-3k (33%), 3k-4k (12%), 4k-5k (5%), 5k or more 
(13%). Their occupations were office workers (61%), 
business owners or self-employed (20%), students (12%), 
homemaker (4%), others (2%). The main modes of transport 
were private car (32%), private motorcycle (5%), taxi (2%), 
motorcycle taxi (9%), bus (23%), van (8%), and others (21%). 
The respondent’s attitude on walking, the objective 
evaluation, and  the respondent’s perception of the sample 
walkway were taken as observed variables. The descriptive 
statistics are summarized in Table II.  

TABLE II.  DESCRIPTIVE STATISTICS 

Variables Descriptions mean s.d. 

aHealthy I think walking is a healthy mode 6.20 .853 

aWidth I prefer wide walkway 5.74 1.26 

aSmooth I prefer smooth walkway 6.12 0.92 

aCleanliness I prefer clean walkway 6.07 0.92 

aObstacleX I prefer obstacle-free walkway 6.12 0.94 

aCrimeSafe I prefer smooth walkway 5.86 1.20 

aTrafficSeg I prefer smooth walkway 5.75 1.26 

aMotorcycleX I prefer walkway with no motorcycle 
illegally running on it 

6.35 0.89 

aTreeShading I prefer walkway with tree and shade 5.96 .97 

aRainCover I prefer walkway with rain cover 5.80 1.22 

wRoadSep Objective score on road separation  3.74 2.22 

wWidth Objective score on walkway width 3.52 2.15 

wPaveCond Objective score on pavement condition 4.97 1.12 

wObsTmp Objective score on temporary obstacle  4.96 0.92 

wManhole Objective score on manhole 5.36 1.17 

wTree Objective score on tree and green 3.70 1.43 

rSmooth Perception of smoothness 4.51 1.61 

rClean Perception of cleanliness 4.87 1.23 

rObstacleX Perception of obstacle-free 3.96 1.63 

rShading Perception of shading/rain-cover 4.10 1.55 

rSafeCrime Perception of security against crime 4.69 1.42 

 

C. Factor Analyses 

In theory, latent variables are factors that cannot be 
quantified, such as safety, comfort, reliability although they 
influence individual behavior and perceptions. Because of 
either their intangibility, these variables do not have a 
measurement scale, or their intrinsic subjectivity (i.e. different 
persons may perceive them differently). The identification of 
latent variables requires supplementing a standard survey with 
questions that capture users’ perceptions about some aspects 
of the alternatives (and the choice context). The answers to 
these questions generate perception indicators that serve to 
identify the latent variables. Otherwise, these latent variables 
could not be measured. 

Walkability is affected by various tangible factors such as 
physical dimension, facility provision, cleanliness, obstacle, 
nearby activities, etc. It was evaluated based on the method 
implemented in [10]. As walkability is perceived differently 
by different persons who have different socio-economic status 
and attitudes of walking. These factors include perception of 
physical condition, convenience, security, traffic safety, 
attractiveness, etc. The latent variables of walkability are 
explained by the walkway conditions (i.e., physical 
walkability measure) and the pedestrian’s characteristics and 



from the alternatives through structural equations. These 
latent variables, simultaneously, explain the perception 
indicators through measurement equations. 

The validity of the walkability perception was evaluated 
by Exploratory Factor Analysis (EFA), to condense the large 
number of items into a smaller, more controllable set of 
dimensions [14]. EFA was conducted on the variables using 
SPSS 27. The rotated component matrix was obtained from a 
Varimax rotated principal component analysis (PCA). A 
factor loading of ≥0.5 was considered practically significant 
as this denotes a variance of 25% accounted by the factor [14].  
Three items of perception factors (width, traffic safety, and 
nearby shopping) were deleted during the iteration owing to 
their low loading, low communalities, and cross-loaded nature 
for more than one factor. Items were reduced to three factors 
with a total variance of 74.056% where the Kaiser–Meyer–
Olkin (KMO) value was 0.931, indicating adequate sampling. 
The EFA results are presented in Table III.  

TABLE III.  EXPLANATORY FACTOR ANALYSIS  

Factors Variables 
Standardized 

Loadings 
Communalities 

Walking 
Need 

aTrafficSeg 0.891 0.813 

aCrimeSafe 0.868 0.875 

aCleanliness 0.868 0.674 

aWidth 0.863 0.796 

aObstacleX 0.862 0.804 

aRainCover 0.862 0.899 

aSmooth 0.844 0.612 

aHealthy 0.782 0.777 

aTreeShading 0.756 0.715 

aMotorcycleX 0.677 0.754 

Objective 
Walkability 

wTree 0.930 0.744 

wWidth 0.921 0.801 

wCleanliness 0.913 0.824 

wRoadSep 0.883 0.474 

wManhole 0.881 0.573 

wObsPerm 0.877 0.794 

wPaveCond 0.794 0.712 

Perceived 
Walkability 

rObstacleX 0.841 0.718 

rSmooth 0.815 0.777 

rClean 0.784 0.617 

rShading 0.750 0.657 

rSafeCrime 0.677 0.884 

 

The reliability of the constructs is presented in Table IV. 
The Cronbach’s alpha (α) values were greater than 0.70, 
indicating that the scale was reliable. The construct reliability 
values were greater than 0.7. The average variance extracted 
was greater than 0.5. All of these indicators were greater than 
the minimum recommended values [14]. 

TABLE IV.  RELIABILITY OF THE LATENT CONSTRUCTS 

Latent 
Construct 

Cronbach’s 
Alpha 

(α) 

Construct 
Reliability 

(CR) 

Average 
Variance 
Extracted 

(AVE) 

Need 0.950 0.956 0.689 

Objective 
Walkability 

0.936 0.962 0.786 

Perceived 
Walkability 

0.876 0.882 0.601 

 

The EFA result indicated that the model was appropriate 
to the data and valid for further analysis. Factor 1, named as 
Need, included 10 items: traffic safety, crime safety, rain 
protection, wide, clean, obstacle free, smooth, healthy, 
shading, and absence of motorcycle running, with EFA 
loadings of 0.677 to 0.891. Factor 2, named as Objective 
Walkability, included 7 items: road separation, width, tree, 
pavement condition, manhole, permanent obstacle, with EFA 
loadings of 0.794 to 0.930. Factor 3, named as Perceived 
Walkability, included 5 items: no obstacle, smooth, clean, 
shading, and crime safety, with EFA loadings of 0.677 to 
0.841, respectively.  

The three latent constructs identified through the EFA 
were used for the Confirmatory Factor Analysis (CFA). By 
using AMOS 27 software, the final CFA model comprised 
three latent factors: (a) need, (b) objective walkability, and (c) 
perceived walkability, respectively. The measurement models 
for each of these factors were estimated and modified by 
excluding observed variables with low factor loading (< 0.5) 
and nonsignificant loadings. The goodness-of-fit of the 
estimated model was judged satisfactory and verified the 
developed measurement models.  

D. Structural Equation Modeling 

Based on the CFA result, a structural model of walkability 
was developed to examine the relationship among the latent 
constructs. The first exogenous latent variable, Objective 
Walkability, was explained by six indicators: road separation, 
width, tree, pavement condition, manhole, permanent 
obstacle. The second exogenous latent variable, Need, was 
explained by ten indicators: traffic safety, crime safety, rain 
protection, wide, clean, obstacle free, smooth, healthy, 
shading, and absence of motorcycle running. The endogenous 
latent variable was explained by six perception indicators: no 
obstacle, smooth, clean, shading, and crime safety, 
respectively. The maximum likelihood estimation for SEM 
was done by AMOS 27 software. The paths between latent 
variables were tested. The structural model with standardized 
coefficients is shown in Figure 4, where the goodness-of-fit 
indicators are reported. The normed chi-squared value 
(CMIN/df) is 3.846, GFI=0.942 (>0.9), AGFI=0.923 (>0.9), 
CFI=0.973 (>0.9), and RMSEA=0.049 (<0.08).  

 

Fig. 4. SEM Model of Perceived Walkability 



TABLE V.  PATH OF THE STRUCTURAL MODEL 

 Estimate 
S.E. C.R. 

B β 

Objective Walkability  
Perceived Walkability 

0.294 0.527 .019 15.401** 

Need  Perceived 
Walkability 

0.412 0.422 .031 13.459** 

Walk main mode  Need 1.216 0.238 .127 9.587** 

Bus main mode    Need 0.389 0.162 .060 6.525** 

Income                 Need 0.697 0.516 .034 20.292** 
** p< 0.001 (two-tailed) 

The path coefficients of the structural model are 
summarized in Table IV. It was found that Perceived 
walkability was influenced by Objective walkability and Need 
with standardized regression coefficients of 0.53 and 0.42, 
respectively. Socio-economic characteristics had influence on 
Need as shown by the significant coefficient of Income. The 
walking habit, as represented by Walk as main mode and Bus 
as main mode variables, also had direct influence on Need, 
with a standardized coefficient of 0.24 and 0.16, respectively. 

The value of ‘perceived walkability’ variables (factor 
score) from the model shown in Figure 4 was determined for 
each respondent at every sample location and so-called 
‘Perceived Walkability Index’. The perceived walkability 
index was calculated for each of 50 sample sections that was 
used in the stated preference survey. The results revealed that 
the values of the perceived walkability indices were lower 
than the objective walkability indices at most locations. This 
implied that the walkability was generally not highly 
perceived as it was expected, but the other subjective factors 
were also anticipated such as safety and convenience. The 
standardized values of objective walkability and perceived 
walkability are illustrated graphically in Figure 5. 

 

Fig. 5. Standardized Value of Perceived and Objective Walkability 

IV. SUMMARY AND DISCUSSION 

This study evaluated the walkability along 25 urban 
railway stations in Bangkok.  It also evaluated the walkability 
in the 800-m station catchment area of the selected three 
stations. It was found that the walkability varied significantly 
between different locations. The walkability on the main roads 
were generally larger than that of the small roads, or literally 
called Soi in the Thai language. This study determined the 
perceived walkability based on the factor loadings of objective 
factors, by employing the structural equation modeling. The 
model was estimated using the data obtained from a pedestrian 

survey. The estimated model was judged satisfactory based on 
the goodness-of-fit indicators. The perceived walkability 
index was determined for the sample sections. The results 
showed that the perceived walkability was generally lower 
than the objective walkability, which was evaluated mainly 
based on the physical structure.  

The priority of factors influencing walkability found in 
this study was compared with those of the previous studies. 
For the objective walkability, as this study was based on [10] 
the results were therefore similar. However, this study found 
that more weight given to trees or plantings along the 
walkway, based on the results of EFA and SEM. For the 
perceived walkability, this study had a finding similar to [15], 
in which the security and safety were important factors. 
However, the samples in this study had given more priority to 
cleanliness and convenience than the pavement quality, while 
a case in India [15] gave more priority to pavement quality, 
which was a basic walking need, than convenience and safety, 
which was usually an upper-level walking need.  

A.  Improvement of Walkway 

As it was found that the perceived walkability values were 
generally lower than expected, careful consideration should be 
given to improve not only the physical structure, but also the 
other factors relating to convenience and safety of the 
pedestrian. The walkway must be wide enough to walk 
conveniently without obstacles, including the electric poles or 
commercial advertisements. An improvement may look like 
the one shown in Figure 6. However, improving at-grade 
walkway is not easy because there will no enough space for 
expansion. Likewise, planting trees or installing roofs to cover 
the walkway may be similarly difficult due to the limited 
space. The noise and air pollution caused by nearby car traffic 
naturally making the walking unpleasant. While these 
conditions could not be easily improved at-grade, an elevated 
walkway connecting directly to station would be a sound 
solution. Figure 7a illustrates an image of walkway 
improvement compared to the present condition shown in 
Figure 7a, where walking is obstructed by the electric poles or 
fire hydrant and unpleasant due to the messy overhead 
electrical and communication wires. Removal of the 
permanent obstacles returns more space for walking under the 
shade of trees to grow soon.  

 

a) Present b) Image of Improvement 

 

Fig. 6. Image of Improvement of Typical Walkway in Bangkok 
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Fig. 7. Image of an Elevated Walkway 

B. TOD policy integration 

Based on Transit Oriented Development, previous 
research showed that the combination of raised density, mixed 
land use, street connectivity, and walkability improvements 
reduces automobile travel and increases both non-motorized 
and public transport travel. Since walking is a basic, healthy, 
clean, cheap, and inclusive mode of transport, walking is a 
foundation for sustainable and equitable access and mobility 
in a city. On the other hand, walking can also be an enjoyable, 
convenient, and affordable way of getting around, if the 
walkway and the nearby street are attractive, vibrant, secure, 
uninterrupted, and well-protected from the road traffic. 
Moreover, walking will be more pleasant if shop vendors and 
services are available. Complete walkways and crossings must 
fully support all users in compliance with locally applicable or 
international standards. Unfortunately, walkway has not been 
officially developed and tightly integrated with the railway 
development in Thailand. This study foresees an urgent need 
of a walkway or street design guidelines and strongly 
recommends further study.  
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