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Introduction people's daily commutes rather than for moving
cargo. The level of service provided by the

Since 1872, railways have been constructed in railway —has not changed significantly,
Batavia or modern-day Jakarta. To move  nevertheless (Lingga 2019). The state of the
agricultural products like sugar cane from the  railroads has further deteriorated by then
interior to the shipping port in Batavia, modern- ~ (Setiawan Kartum 2021). As more people relied
day Jakarta, and other coastal towns, the Dutch ~ on the system regularly, the quality of service
Colonials  started  constructing  railroads  declined to the point that it was unable to keep up.
(Hermawan Iwan 2019). Later, the railways were ~ Eventually, several of the original trains and
also developed for transporting people between  stations were closed due to the decline in the
cities such as Jakarta, Semarang, and Yogyakarta. ~ hinterland’s  production ~ of  horticultural
In other regions of Indonesia, like Aceh, Dutch commodities. The railways' service has
colonial forces constructed railroads to convey  encountered a severe decline and many accidents
military forces and artillery to quell insurgent  have caused lives (Djajasinga Nico et al. 2015;
activity (Usman dan Rachmatsyah 2017). Yanuaris Nurnita 2018; Wikipedia 2022). Only

Following Indonesia's independence in 1945, after 2007 were the railways used for commuters
trains started carrying people from residences in ~ and named by the government as commuter lines.
the hinterland of Jakarta, such as Bekasi and ~ The government's initiatives have started to
Tangerang, to places of employment in Jakarta, rehabilitate Jakarta's railway system's state
and vice versa (Jumardi et al. 2020; Wijayanto ~ (Putranto and Dwi Srie Adhimas 2018). Jakarta
2019). Jakarta's railways are now used for  implemented arapid mass transit (MRT) and light
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transit rail (LRT) system in 2013. Jakarta
experienced the emergence of the Transit-
Oriented Development (TOD) idea as a result of
Indonesia's railway development (Matanasi Petrik
2017). TOD is a development idea that connects
Jakarta's trains or transit infrastructure with urban
development.

Integrating railways with urban development
revitalizes Jakarta's railways (Saputra Dany
2022). The issue is determining how much of
Jakarta's railways have been revitalized. This
study reports on the creation of a TOD index to
gauge the TOD surrounding railway stations in
the Jakarta Metropolitan Region (JMR). Like all
composite indices, the TOD index works to
condense several indicators into an overall
indicator for a particular object (Chakrabartty
Satyendra Nath 2017). An object can be
positioned or distinguished from other objects
using the index (Espin Antonio M 2015). A
composite index can also be utilized to gauge a
case's advancement concerning  specific
objectives (Singh et al. 2014). Both a temporal
and spatial mapping of such an index is possible
(H M Taki, Maatouk, and Ahmadi 2019). The
map of a composite index can be utilized to
predict the spatiotemporal development of objects
characterized by the index (Singh et al. 2018).
Based on a composite index similar to the TOD
index described in this paper, alternative
decisions can be made to assist the decision-
making process (Singh Y.J. et al. 2015).

Railway stations in Indonesia are formally
classified as Large, Class I, Class II, Class III
(small station), and Train Stops (Kementrian
Perhubungan 2011; Kementrian Perhubungan
2019).

Railways passing through a station can be
divided into commuter and intercity lines based
on the services they provide (Kementrian
Perhubungan 2011). The land on and around the
station is owned by PT KAI (Indonesia Railways
Ltd.). The space around a station has not been
adequately exploited since the first railways were
established in 1872. For instance, the Indonesia
Land Bureau (BTN) has only certified 40% of the
land owned by PT KAI. As a result, since 1872,
individuals or other parties have unlawfully taken
possession of the land surrounding a station in
Indonesia  (Nurjanah Siti et al. 2019).
Furthermore, as the owner of most of the land in
the vicinity of a station and railways, PT KAI had
leased it to other parties unrelated to any railway's
functions. In Indonesia, the land surrounding a

train station became unmanaged slums and other
areas unrelated to the railway station's primary
operations (Evasentia 2022).

With the increasing need to develop a station
and its surroundings as a TOD at the beginning of
the 21st century in Jakarta, there is an increasing
consciousness about the values of the land around
a train station (Syabri Ibnu 2011; VOI 2022). In
Indonesia, there is a growing demand to improve
the surroundings of rail stations, particularly in
major cities like JMR. To assess the value of the
vicinity of a station in JMR, this research
introduced the TOD index. We can determine
when the area surrounding a station has achieved
a particular level of TOD using the TOD index.

There are three parts to TOD. The transit
station (T), development area (D), and connection
(C) between the two components are the first,
second, and third components, respectively
(Qiang et al., 2022). In its TOD-Standards 3.0
(ITDP 2017), ITDP outlined those three
characteristics as eight parts of TOD. The eight
components of ITDP were also used in this work
as TOD features, following the majority of TOD
literature (Legowo and Sumadio 2021; Siburian et
al. 2020; Taki et al. 2019). A composite indicator
known as the TOD index was computed in the
majority of those investigations using the TOD
characteristics.

A composite index is the TOD index. A
composite index can be determined in several
methods using a set of variables (Greco et al.
2019a). The first approach involves a weightless
average of all standardized variables. According
to Greco et al. (2019b), every variable is seen as
an entity with a single variance. Consequently,
using this approach, the following equation can be
used to determine the TOD index (CI):

n
Cl= X Vi/ n Equation 1

Where n is the number of variables, and Vi is
the value of variable i.

The second method considered the composite
index as a weighted average of variables.

Equation 2 presents how the composite index is
calculated with certain weighting factors.

_ Stwixvy .
Cl = “yiw Equation 2
Where Wi is the weight of Vi. This second
method can be divided into two sub-methods. The

first sub-method employs a panel of experts to
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determine the weightings. Multi-criterion analysis
(MCA) and the Analytic Hierarchy Process
(AHP) employ panel experts to determine the
weighting of each variable (Greco et al. 2019b).

The second sub-method establishes the
weightings based on the correlation between the
variables. The weighting and variables for
determining the composite index are derived from
Factor Analysis (FA) data, such as the variance of
factors and Factor Scores (Fs). Based on FA,
several composite indices were computed,
including the bibliometric index (Aprilliant
Audhi 2021; Fernando et al. 2012; Valderrama
Pilar et al. 2021).

A panel of specialists evaluates pairwise
comparisons in AHP. The weighting assignments
become too complex and demand a great deal of
work from the panel as the number of levels rises
(Kurek et al. 2022; Oguztimur 2011). It appears
that there is no standard in AHP for deciding how
to weight wvariables (Polednikovd Eva and
Melecky Lukas 2017). In the case of FA,
weighing is rather straightforward and
uncomplicated. The eigenvalues of every factor
are employed in FA as the weighting. It is a
typical Factor Analysis outcome (Verma 2013).
Consequently, balancing the variables in FA is
simpler than having panel experts weigh them in
AHP. A construct or composite index is each
factor's Factor Score (Fs) (Bolafios et al. 2008).
Another typical FA output is Fs. Every Fs in the
analysis indicates a collection of traits or variable
values for every case.

AHP depends on the expert panel's weightings
and is primarily employed in planning and design
(Yeh and Shi 1999). Consequently, the expert
panel's weighting may introduce a cognitive bias
into the planning and design review process (Bay
J.H. n.d.; Dror 2020; Langfeldt Liv 2002). We
believed that because the FA process is more
objective, there would be less cognitive bias in the
planning and design process, resulting in a more
reproducible evaluation with a TOD score based
on FA (Bohne et al. 2015; Quijano et al. 2022).
We will demonstrate in this study how the
planning and design process can also benefit from
the findings of FA. We may observe the
relationship between the TOD index and the
grouped qualities represented by a factor by
mapping the index into factors space. The
planning and design for a better TOD can be
guided by this relationship.

An automatically generated TOD index does
not include human specialists; instead, it is based

on the correlation of factors from inside the data.
As a result, the FA-based index may be deemed
appropriate for incorporation into contemporary
IT advancements like machine learning, artificial
intelligence, and the Internet of Things.
Convergence to the index derived from expert
panelists remains an issue even with autonomous
composite index production. We speculate that
there is a substantial correlation between the FA-
based TOD index suggested in this paper and an
index of a similar nature produced by panelists
with expertise.

Methods

ITDP unveiled TOD Standard 3.0 in 2017. There
are eight TOD components in the standard. Each
component is accompanied by multiple TOD
metrics in the standard. We utilized secondary
data from a variety of sources, including the
official PT KAI website, Google Maps, and
numerous other websites on the Internet, due to
the limited time and resources supporting our
study. Consequently, we do not employ primary
data for ITDP measures. However, the eight
elements of the ITDP TOD standard serve as the
foundation for this investigation. The operational
definitions of the measures or variables utilized in
this study to generate the TOD index are
displayed in table 1. Table 1 demonstrates the
operational definition of each case's variables
within the 0.5 km radius around a railway station.
The cases included in this study are the 122
railway stations in the Jakarta Metropolitan
Region (JMR) and the areas surrounding them. A
circle having a radius of 0.5 km around a train
station is employed to define the station's
surroundings. We gathered all of the TOD
variables for this investigation within 0.5
kilometers of a train station.

The TOD index of stations and their surrounds
was determined by most research using AHP. In
those investigations, the weighting of each
measure or variable that would be included in the
TOD index was decided by a panel of experts. The
subjectivity of the expert will likely become more
of an issue as there are more variables, making
weighting more difficult to determine (Whitaker
2007). In other areas of research, such as the
creation of a bibliographic index, factor analysis
(FA) was utilized in place of AHP while
calculating the index. In factor analysis (FA), the
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number of variables gathered into a factor
determines the weightings. Therefore, using
professional judgment regarding the weightings is
not necessary.

The fact that FA divides the variables into
factors is another benefit. Based on their TOD
index, each factor can be used to describe a station
and its surroundings. Planning can be enhanced
by this categorization of a station and its
surroundings based on the factors and TOD index
since the variables and TOD index size indicate
the extent to which a station has met all of the
TOD variables.

We compare the TOD index presented in this
study to one that was similarly generated for the
station and its surroundings in JMR by other
researchers (Legowo and Sumadio 2021; Siburian
et al. 2020; Taki et al. 2017). This allows us to
verify our theory regarding the TOD index. AHP
was employed in all of the other researchers' TOD
index computations for JMR stations. This study's
TOD index was also verified by contrasting it
with other criteria, like the station's amenities,
quality, and class. The station factors used to
validate the TOD index from this investigation are
displayed in table 2.

Table 1. The TOD index variables were calculated for an area of 0.5 km from a station

Operational definitions Sources
V1 Average FAR. Jakarta Satu
V2 The number of apartment buildings. Google Maps
V3 The number of office buildings. Google Maps
va Land use entropy = —(Z‘{(P1 X ln(pi))/lg(k)), where k is thg (Zagorskas Jurgis, 2016)
number of land use types, P;is the probability of land use type i.
V5 Length of pedestrian ways. Jakarta Satu
Vo6 The number of Bus Rapid Transit (BART) lines. Google Maps, Jakarta Satu
\% The number of paratransit stops. Google Maps
A% The number of road intersection points. Google Maps
\E The length of roads. Google Maps
V10 The average road section length. Google Maps
V11 The number of housing complexes Google Maps
V12 The average BCR. Jakarta Satu
Vi3 Zeh;:t ;L;l)’l:lber of recreational facilities (museums, theatres, amusement Google Maps
V14 The number of parks and public open spaces. Google Maps
V15 Eilee f?;;irt?(%ﬁ:hmm bus time to/from stations from/to various land Google Maps
V16 :1:2}11rei :Jsei;arglz i}égl}zitc :iv(e)lrlll:ng distance to/from stations from/to Google Maps
V17 l"f:ee fi\;lirg(%ﬁss.hort“t bike path to/from stations from/to various land Google Maps
V18 The number of Google Reviews about the pedestrian system. Google Maps
V19 The number of Google Reviews about walkability. Google Maps
V20 A number of good Google Reviews about walkability. Google Maps
V21 The population density (peoples/km?) Central Bureau of Statistics
V22 The number of boarding houses. Google Maps
V23 The average monthly peak size of the passenger. Google Maps, PT KAI
V24 The number of parking provided by a station. Google Maps, PT KAI
V25 The number of amenities and accesses Google Maps, PT KAI
V26 The number of parking facilities Google Maps, PT KAI

Table 2. Railway station variables

Station's Variables Sources
Station Class PT KAI
Number of lines that pass a station PT KAI
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Station's Variables Sources
Number of inter-city lines that pass a station PT KAI
Google stars Google Maps
Google reviews Google Maps
Google bad reviews Google Maps

TOD index

TOD index

TOD index

Distance to the nearest urban center from a station
Distance to nearest regional center from a station

The urban zone where a station is located

Taki et al. (2017)

Siburian et al. 2020

Legowo et al. 2021

Google Maps and (Rustiadi et al., 2021)
Google Maps and (Rustiadi et al., 2021)
Google Maps and (Rustiadi et al., 2021)

In this study, we employed FA to reduce the
data. The FA administered the Principal
Component method and Varimax rotation. Only
factors with eigenvalues (K) equal to or larger than
one is extracted. Factor Scores (Fs) are saved as
composite variables. The TOD index is calculated
using the formula,

ST(&; XFs;)
X4
Fsi = factor scores, Ki= eigenvalue of Factor i, and

n is the number of factors extracted by FA.

TOD index = Equation 3

We divide the stations according to the TOD
index into four categories of stations and their
surrounds to enhance the condition of the stations
and their surroundings. This is based on the TOD
index standard deviation (SD= 0.40). Stations of
Group 1 have TOD index <- SD. Stations of
Group 2 have -SD < TOD index < 0, stations of
Group 3 have 0< TOD index < SD, and Group 4
has TOD index> SD. The groups are mapped into
factor spaces. The features of every group are
visible based on the factor scores (Fs) values. We
can identify a group's strengths and weaknesses
based on its features, and we can then suggest
necessary actions to raise each group of stations'
TOD index.

Results and discussion

Seven factors having an eigenvalue of one or
more were retrieved using FA. The overall
variance from the FA is demonstrated in table 3.
The factor structures are displayed in table 4. We
determine each case's TOD index by using
Equation 3 and table 3's variance. An index map

for TOD is presented in figure 1. We identify each

of the seven factors by the meaning of variables

in table 1 based on the factor structure in table 4

and the TOD variables with high loading on a

factor:

1. Factor 1 contains variables of average FAR or
floor area ratio (V1), number of apartments
(V2), number of businesses (V3), land-use
entropy (V4), number of housings (V22),
parking facilities (V26), the length of
pedestrian system (V5), number of BART
lines (V6), and number of paratransit stops
(V7) on the vicinity (500m radius) of a railway
station. The majority of the factors point to the
presence of mixed-use development.
Therefore, we have designated factor 1 as the
mix-use factor.

2. Factor 2 consists of variables the number of
roads or street intersection points (V8), total
road length (V9), negative loading of mean
road length (V10), and the number of housings
(V11) in the area 0.5 km around a station. As
aresult, we designated factor 2 as the road and
housing density factor.

3. The variables in factor 3 include the entropy
of land use (V4), the number of parks and
open spaces (V14), the number of recreational
facilities (V13), and the BCR (V12) with
negative loading. We designated the low-
density development factor as factor 3.

4. A group of variables designated as Factor 4
include the average time it requires to travel
by bus from a train station to a specific facility
or business (V15), the average walking
distance from a train station to facilities or
places (V16), the average shortest distances to
the closest paratransit stops from/to stations
(V17), and the variable number of amenities
and access points belonging to a train station
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(V25) with the loading removed. The more the
Fs of factor 4, the greater the distance between
locations close to a train station. We identify
factor 4 as the closeness factor as a result.
Factor 5 is the group of variables about the
reviews on pedestrian existence collected
from the Google Maps Reviews (V18), the
number of Google Maps reviews associated
with walkability (V19), the percentage of
good Google Maps reviews about walkability
(V20), and the total length of the pedestrian
system (V5) around a train station. We
designated factor 5 the walkability factor.
Factor 6 encompasses variables population
density (V21), number of boarding houses
(V22), number of paratransit stops with
negative loading (V7) on the area 500-meter
radius from a train station, and the average
peak passenger per month of a station (V23).
For that reason, we identified Factor 5 as the
housing and passenger factor.

Table 3. The total variance of extracted factors

7.

The variables included in factor 7 are as
follows: the number of parking spaces (V24),
the number of amenities and access points
(V25) to a railroad station, the number of
parking spaces within 500 meters of a station
(V26), and the average monthly peak
passenger count of the stations (V22). The
station's amenities and parking facilities factor
is denoted by the number 7.

Figure 1 illustrates how a station's TOD index

tends to increase in proximity to regional hubs and

decrease

in distance from them. Table 5

demonstrates that nearly all station characteristics
have a substantial correlation with the TOD index.
The spatial distribution of the TOD index in figure
1 is consistent with the considerable association
discovered between the TOD index and the spatial
factors (distance from JMR centers and other
regional centers).

Extraction sums of squared

Factor Initial eigenvalues loadings Rotation sums of squared loadings
it :/aolgince Sj)um. Total :/;r(;;nce "CA.um. Total :/aolgince (UL, V0

1 5.55 21.33 21.33 5.55 21.33 21.33 427 16.41 16.41

2 2.96 11.40 32.73 2.96 11.40 3273 3.10 11.91 28.32

3 2.72 10.48 43.21 2.72 10.48 43.21 2.66 10.24 38.57

4 222 8.56 51.76 222 8.56 51.76  2.63 10.11 48.68

5 1.86 7.17 58.93 1.86 7.17 5893 227 8.73 57.41

6 1.40 5.37 64.29 1.40 5.37 64.29 1.74 6.69 64.10

7 1.32 5.09 69.38 1.32 5.09 69.38 1.37 5.28 69.38
Table 4. The varimax rotated factor loadings

Variables Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7

V1 0.88

V2 0.78

V3 0.69

V4 0.69 0.38

V5 0.66 0.34

Vo6 0.57

V7 0.39 -0.33

V8 0.93

\E 091

V10 -0.84

Vi1 0.59

V12 -0.90

V13 0.89

Vi4 0.37 0.82

V15 091
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Variables

Factor 1 Factor 2 Factor 3

Factor 4

Factor § Factor 6 Factor 7

V1e
V17
V18
V19
V20
V21
V22
V23
V24
V25
V26

0.39

0.44

0.88
0.73

-0.38

0.86
0.84
0.73
0.71
0.71
0.52 0.36
0.67
0.64

0.54

We calculate the correlation coefficients
between the TOD index established in this study
and the comparable index determined by other
researchers for comparable stations, including
(Legowo and Sumadio 2021; Siburian et al. 2020;

Taki et al. 2017), to validate the TOD index.
Furthermore, table 5 demonstrates a substantial
correlation between the TOD index of this study
and similar indices from other researchers.

Figure 1. Map of the TOD index of all stations in this study

The maps of the groups of stations into factors
space show the following characteristics:

1. Group 1 (TOD index< -SD) encompasses

stations and their surroundings with relatively
low Fs for all factors.

Group 2 (-SD < TOD index < 0) is a group of
stations and their surroundings with relatively
small Fs of factor 4 and factor 5, while Fs for
other factors vary.

3.

@ Urban and regional
centers
/\/Railways

Railway station

TOD index
-1.065 - -0.749
0.749 - -0.433
0.433--0.116

-0.116-0.2

o
(@]
(@)
. 0.2-0.516

‘ 0.516 - 0.832

] Jakarta Special
Capital District

iR

A

5 0 S5 10 Kilometers

Group 3 (0< TOD index < SD) is a group of
stations that possess large Fs for factor 1 and
factor 2, with the values for Fs for other
factors varying. Figure 2 illustrates the
distribution of cases in group 3.

Group 4 (TOD index > SD) contains the
stations and surroundings with high Fs for all
factors. Figure 3 demonstrates an example of
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the distribution of cases of group 4 in Fs 1 and
Fs 2 factors space.

Table 6 incorporates the resume of the
characteristics of each group of stations and their
surroundings mentioned above.

Table 4 indicates that the development factor
of the area around the station can be attributed to
factors 1, 2, and 3. The mix-use development
surrounding a train station is indicated by factor
1. For instance, the factor 1 enormous Fs of MRT
Blok M and LRT Rasuna Said stations. The
factors in Factor 2 indicate the comparatively high
physical density in the vicinity of a rail station.
Two stations that have high Fs for factor 2 are
Pasar Minggu and Klender Baru. Relatively wide-
open public areas associated with sport and
recreation are evident from the factors classified
under factor 3. Stations with high Fs of factor 3
include MRT Senayan and LRT Velodrome.
Factor 4 and factor 7 show the degree of
connection between the surrounding areas and the

train stations. Factor 4 contains the proximity
variables from the surrounding area and the train
stations. Large Fs of factor 4 means the average
proximity to a train station is larger. For instance,
MRT Blok A and Kramat stations have smaller
Factor 4 Fs than others, indicating a greater
connection between the train station and the
surrounding functions. The variables that
demonstrate how accessible the region is
surrounding a rail station are found in Factor 5.
Another indicator of the degree of connectivity
between a rail station's surroundings is factor 5.
For instance, compared to Tanjung Priok and LRT
Boulevard Utara, stations Gambir and MRT
Senayan have higher Fs of Factor 5 and are
considered more accessible. Housing density-
related variables constitute Factor 6. There is a
comparatively intensive urban development in the
vicinity of the train stations that factor 6
describes. Tanjung Priok and LRT Boulevard
Utara are two stations with high Fs of factor 6.

Table 5. The correlation between the TOD index and with locational variables of the stations

Correlations between TOD index with railway station variables

Number of Number of % of Bad

Google Google

RO T 2GS lines intercity lines Reviews Star Reviews
Pearson Correlation .202° 258" 254" -251™ 296" 307
Sig. (2-tailed) 0.026 0.004 0.005 0.005 0.001 0.001
Correlations between the TOD index of this study to other studies
. . Siburian et Taki et al. Legowo_et al.

Statistics/sources al. 2020 2017 2021
Pearson Correlation 682" 329 0.423
Sig. (2-tailed) 0.021 0.007 0.081
Correlations between the TOD index with spatial variables of railway stations

Nearest Nearest

distance to distance to  Urban zone
Statistics/variables the (Rustiadi et

the urban q

regional al. (2020)
center
center
Pearson Correlation -.555™ -.578" .299™
Sig. (2-tailed) 0.000 0.000 0.001
Table 6. Characteristics of groups of stations and their surroundings

Group of . The factor with . The factor with
Stations TOD index high Fs The factor with low Fs variable Fs
Group 1 TOD index< -SD - All factors -
Group 2 (SD< TOD index< 0 - Factor 1, 2,4 and 5 All other factors
Group 3 0< TOD index< SD Factor 1 and 2 Factor 5 All other factors
Group 4 TOD index> SD. all factors - -
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Figure 2. Map of station group 3 on Fs 1 and Fs 2 space
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Figure 3. Map of station group 4 on Fs 1 and Fs 3 space

A set of criteria identified as factor 7 assesses
the standard of a station's amenities, including the
availability of parking for buses and cars. Stations
with high Fs of factor 7 are Depok Baru and
Soekarno Hatta International Airport. This
element defines the notion of a TOD since it
represents an alternative growth path. The usage
of personal vehicles and motorcycles should be
restricted by TOD. One method for achieving that
goal was to reduce the number of parking spaces
accessible for automobiles and motorcycles.
Larger-scale park-and-ride schemes are, however,
compatible with parking. There is an attempt to
reduce the amount of time that people spend
driving private cars within cities (Fatimah 2021).

The TOD index introduced in this paper
correlates with the train station's distance to the
urban and regional centers (table 5). The
correlations indicated that the TOD-ness of the
area surrounding a train station decreases as their
location moves further from the centers. This fact
corroborates the results of studies stating that a
station can be categorized as urban, suburban, or
local in terms of the TOD index (Huang et al.
2018; Taki et al. 2017). The spatial distribution of

the railway stations and the areas around them
according to their TOD index is displayed in
figure 1 and table 5. The typology of TOD
described by Li et al. (2019); Taki et al. (2019) is
supported by the correlation between the TOD
index and the distances of the rail stations to the
closest regional or urban center. Thus, it supports
the TOD index that was presented in this research.
The results of this investigation were further
verified by the substantial correlations discovered
between the TOD index and similar indexes in
previous studies (Legowo and Sumadio 2021;
Siburian et al. 2020; Taki et al. 2017). On the
other hand, if the variables utilized in calculating
the index have the same definition and
computation techniques, the correlation may be
substantially stronger. Some researchers
(Legowo and Sumadio 2021; Siburian et al. 2020;
Taki et al. 2017) employed similar variables in
their calculations of the TOD index. Those
researchers used AHP but did not use FA to
analyze their data.

The train stations and the surrounding areas
TOD preparedness is also indicated by the factor
scores (Fs) from FA. Developments with a mix of
applications are the situations with high Fs of
Factor 1. On the other hand, compared to the
situations with high Fs of factor 4 and 5, the
stations with such surroundings, as factor 1
demonstrates, have considerably closer proximity
but poor walkability. On the other hand, unlike
stations with high factor 7 values, those with high
Fs of factor 1 have low parking areas despite
having substantial mix-use growth.

In terms of TOD variables, FA should ideally
extract a single factor. The cases with high Fs and
TOD index will exhibit all the traits of a TOD if
there is only one factor. Concerning table 4's
factor loading, stations with high Fs of factor 1 are
deemed more prepared as TODs than those with
high Fs of factor 2. When comparing stations with
minor factor variance to others, those with bigger
variances are more prepared as TOD, as indicated
by table 3's listing of variances for each factor.

In this study, the TOD index (table 5) has a
substantial correlation with all station factors
(table 2). The TOD index of the stations is highly
correlated with their size and quality (Li et al.
2019; Taki et al. 2019). Table 5 demonstrates a
substantial correlation between the stations'
locational factors and their TOD index. Stated
differently, the TOD index in this study
diminishes when stations are located closer to
JMR's boundary. The spatiality of the TOD index,
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as noted by Li et al. (2019); Taki et al. (2019), is
supported by these results.

The station categories discovered in table 6
appear to correspond with the groups that (Yang
and Song 2021) described. From table 6, we can
propose some improvements to each group of
train stations and their surroundings (Singh et al.
2017). Group 1 can be considered to have minor
TOD characteristics. Except for factor 4
(proximity factor), where small Fs indicate closer
proximity to a train station, all of the factors have
very low Fs for example in group 1. The values of
all TOD variables in table 1 for each station in
group 1 should be raised if the railway stations
and the areas around them are to be developed into
a TOD. Factors 1, 2, and 5 are the vulnerabilities
of group 2. For instance, to convert group 2 into a
TOD, new functions should be added to the land
use around one of the group's stations, allowing it
to become a mixed-use development. Regarding
factor 2, the intensity of businesses and other
functions at a train station should be increased,
and the proximity to the train station could be
made nearer.

In group 3, the surroundings around railway
stations have moderately strong Fs for factors 1
and 2. The stations of group 3 can be regarded as
TOD when combined with lesser Fs of factor 4
(proximity). Nonetheless, group 3 stations'
walkability requires to be increased due to low
factor 5 (walkability), for the stations and the area
around them to qualify as a TOD. All of the group
4 railway station factors are significant (high Fs),
except for factor 4 (proximity). It can be
concluded that the cases in Group 4 have become
completely pledged TOD if the proximity
problem of the factor is fixed.

There are limitations to our study. First, the
ITDP TOD metrics were not adequately utilized
by us. It would have been simpler to validate the
TOD index from this study using the same index
introduced by other researchers who also
employed ITDP TOD measures if we had used the
ITDP TOD metrics. Secondly, the sensitivity of
the TOD index was not examined in this
investigation. Sensitivity analysis is a rigorous
process; therefore, it might be preferable to
undertake it in future research. Thirdly, because
this research is not diachronic, we are unable to
monitor changes in the TOD index over time. On
the other hand, the method used in this research
for determining the TOD index appears to be
simple. Thus, a periodic diachronic study of the

index's evolution would not encounter any issues
in the future.

Conclusions

This study employed JMR FA to assess 26 TOD
characteristics of 122 railway stations and the
areas around them. Seven parameters were
derived from the analysis. The Fs and factor
variances were utilized to calculate the TOD
index for 122 railway stations. By contrasting it
with a comparable index from other academics,
the index was verified. The TOD index for this
study was confirmed by the strong correlation it
had with the TOD index of other researchers. The
TOD index of the surrounding railway stations is
declining as they are further removed from the
JMR's regional and core centers. These data
further substantiate the TOD index in this study
and support findings from earlier investigations.
The mapping of the TOD index into factor
scores  space  demonstrates the  TOD
characteristics of the railway stations and their
surroundings as TOD. There are four categories
of railroad stations and the areas around them
based on the TOD features that are represented by
the Fs of each of the seven factors. Group 4
railway stations have large Fs for all criteria,
except for factor 4 (closeness to stations). We
only suggest shortening the average distances
between different activities and functions and the
railway stations to enhance group 4's stations.
While the stations in group 3 have lower Fs for
Factor 4, they have strong Fs for factors 1 and 2,
indicating compact land use and proximity
between activities and functions and the stations.
These three variables indicate that Group 3
stations have turned into TODs, which is
encouraging. However, group 3 stations have
small Fs of factor 5 (walkability), factor 6
(housing and population density), and factor 7
(number of station facilities). To enhance the
stations' preparedness to become TODs, we can
increase the walkability, housing number (factor
6), population, and facilities (factor 7) of the
group 3 railway stations. Small Fs for factor 1,
factor 2, and factor 5 are present in group 2
stations. Building density, walkability (factor 5),
and land use types (factor 1) may be improved to
increase the TOD-ness of group 2 stations. For all
parameters, the Fs of group 1 stations are
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comparatively small. Group 1 stations are still a
long way from being TOD.
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