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1.0 INTRODUCTION

Governments worldwide, as well as urban transportation planners and policymakers, have recognized that
the issues of traffic congestion, air pollution, and greenhouse gas emissions are inextricably linked and have
therefore been giving increasing attention to the development of sustainable transportation (Chen et al., 2021;
Yusoff et al., 2021). The Klang Valley, one of the most densely populated areas with a relatively high rate of
urbanization and economic development, is the most suitable place for sustainable transportation. Kuala
Lumpur experiences daily traffic congestion, with nearly 3 million vehicles navigating the city, resulting in
increased travel times between destinations and negative impacts on the economy and the environment (Yusoff
etal., 2021). As part of its National Transport Policy, the Malaysian Government aims to boost public transport
usage to approximately 40% by 2030 (MOT Malaysia, 2019). The Government has adopted several measures,
including promoting walkable areas and making public transportation more accessible (MOT Malaysia, 2019).
In line with this target, a newer initiative, the EPU (2022), set a goal under its Low Carbon Nation Aspiration
2040 programme to achieve a modal share of public transport of 50% by 2040 (EPU, 2022). The Malaysian
Government’s objective is also consistent with the Sustainable Development Goals (SDGs) established by the
United Nations. One of the proposed solutions to address these issues is to integrate feeder bus services into
existing rail infrastructure, thereby providing access to more locations beyond those covered by the rail
network (Bernama, 2023).

Feeder buses are certainly an integral part of any urban transportation network and play a vital role in
providing first- and last-mile connectivity to major transit hubs, such as LRT stations, through multiple
connection points. Feeder buses can make public transport more accessible, promote its use, and allow people
to change to better modes of transportation smoothly (Gan et al., 2019). The spatial and temporal elements that
determine passengers’ demand and impact the ridership patterns optimization process should be understood
thoroughly to optimize passenger demand (Abdul Halim et al., 2023; Chen et al., 2019; Li et al., 2020). The
primary objectives of the study are to evaluate the spatial and temporal variables of passengers boarding and
alighting the feeder bus, and to explore the preliminary factors that may influence demand at the Asia Jaya
LRT station. With the advancement of technology and the utilization of user-generated smart card data for
various transportation studies (Ma, 2024; Zhang et al., 2021) conducted in other countries, there are, however,
very few local studies that have analyzed ridership based on smart card data. There are local studies (Abdullah
et al., 2020; Nur Sunoto et al., 2021; Yu Li et al., 2022) that have examined ridership in relation to the
surrounding catchment area and land use; however, the measurement of ridership data is limited to annual or
monthly ridership summaries only. This study aims to address the gap in local studies that rely on conventional
data collection methods. The use of big data sources in transportation planning has emerged worldwide, and
there is a need to utilize them to better understand Malaysia’s usage of public transportation based on user-
generated data.

2.0 LITERATURE REVIEW
2.1 Sustainable Transportation and Feeder Bus Systems

In the context of its strategic plan, Malaysia will devise a smart approach to implementing a sustainable
transport plan that aligns with national targets. Sustainable transportation refers to various approaches designed
to minimise the negative effects of urban mobility on the environment, society, and economy. The key aspects
of environmentally friendly transportation in Malaysia include promoting the use of public transit, reducing
the dependence of drivers with only one occupant, and increasing the practice of walking and traveling as
active mobility (Gomez et al., 2019). Feeder bus services are essential for the development of sustainable
transport systems, as they provide connections between crucial transit stations, covering the first and last mile
of the journey. In addition to these, links and connectivity are also significant elements. Improving connectivity
will provide travellers with a broad spectrum of benefits, ranging from comfort and efficiency to the first and
last-mile link, potentially eliminating the need for private cars (Ikeh & Yuen, 2022; Naharudin et al., 2020).

The significance of feeder bus services in improving transit accessibility and encouraging sustainable
travel behaviour has been highlighted in prior studies (Bachok et al., 2021; Olabayonle et al., 2021). For
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example, the feeder bus is part of the first and last mile connectivity that we must improve to increase overall
public transportation usage (Kéresdotter et al., 2022). Feeder buses have the potential to attract more users,
decrease reliance on automobiles, and alleviate traffic congestion on roadways by expanding the coverage of
fixed-route transit systems and offering simple transfer options. Nevertheless, the efficacy of feeder bus
networks depends upon various aspects, encompassing service frequency, route structure, fare convergence,
and the quality of infrastructure and amenities at transit hubs. During reported past LRT breakdowns, several
feeders were deployed to assist passengers during the disruption of the LRT line (Yee & Shah, 2022). Local
news sources (Amir, 2022; Yeong, 2022) have, however, reported that the feeder buses were not operating
according to their designated routes or stopping at the intended locations. By gaining a clearer understanding
of the specific service area that needs to be targeted, the allocation of feeder service can be enhanced more
efficiently.

2.2 Spatial Analysis of Transit Ridership

Geographic Information Systems (GIS) have been proven to be an excellent tool for analyzing the spatial
distribution of transit ridership, detecting patterns or trends. Planners can utilise ridership mapping and spatial
analysis to identify regions with high demand, evaluate the efficiency of current transit systems, and prioritise
investments in infrastructure and service enhancements. GIS analysis facilitates the identification of trends and
relationships between various transit variables and how individuals utilize public transportation. The
integration of geographic information within big data has garnered significant attention from academics,
industry, Government, and other organizations worldwide (Goodchild, 2016; Li et al., 2016). With that, many
academics have incorporated big data into their spatial analyses to uncover patterns and relationships within
spatial contexts (Chen et al., 2019; Miitzel & Scheiner, 2022; Zhan et al., 2022).

Spatial analysis involves various changes, manipulations, and techniques applied to geographical data to
enhance its usefulness, facilitate decision-making, and identify hidden trends or outliers (Longley et al., 2015).
Moran’s I and Geary’s C statistics can be used to measure spatial autocorrelation. These measures assess the
extent of clustering or scattering of values within a dataset and provide a numerical estimate of how strongly
linked neighbouring values are, which are close together in space. In other words, it is to understand whether
similar values tend to occur near each other. Spatially positive autocorrelation implies that similar values are
inclined to occur near one another, i.e., observations located at neighbouring sites tend to have more
comparable values than would be expected by chance alone; on the other hand, negative spatial autocorrelation
indicates that neighbouring values are relatively dissimilar (Anselin et al., 2010).

Previous research has explored various metropolitan areas using Geographic Information Systems (GIS)
and other spatial analysis methods. Researchers have conducted numerous studies (Tu et al., 2022; Yang, 2023)
to understand the factors that influence people’s choices between modes of transit within different types of
places they live. These factors include characteristics such as age or income level, as well as the location of a
person’s workplace and the number of people working nearby. To better understand travel behavior, Malaysian
researchers (Abdullah et al., 2020; Yu Li et al., 2022) study the local context, coupled with demographic
information and socio-economic data, while still considering location.

3.0 METHODS
3.1 Study Area

The study area of this research is the Asia Jaya LRT Station located in Petaling Jaya, an interesting urban
centre within the Klang Valley region of Malaysia. This part of Petaling Jaya is one of the oldest and most
mature areas, characterized by high population density and a diverse range of land uses, as shown in Figure 1.
The land uses include residential areas, commercial zones, institutional buildings, and a high value of land use
mix (Yu Li et al., 2022). Although mature, the study area is still undergoing redevelopment, with some new
developments underway.

The Special Area Plan (RKK) for Seksyen 13, Petaling Jaya (2019) is a detailed planning document
developed by the Petaling Jaya City Council (MBPJ) to guide the redevelopment and transformation of Section
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13 into a vibrant, mixed-use urban district. The plan outlines land use zoning, development intensity,
transportation infrastructure, and urban design guidelines for the area. The RKK highlights Asia Jaya LRT’s
role as a key public transport hub in the redevelopment of Section 13. Studying feeder bus ridership as this
study area aligns with the city’s goals for sustainable transport planning and offers valuable data to support the
implementation of TOD strategies and to improve the last-mile solutions.
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Error! Reference source not found. shows a separate map without land use, indicating the two routes
that serve the Asia Jaya LRT Station. Asia Jaya Station serves as a significant transit hub, providing
connections to the Kelana Jaya Line’s stations. It is a prominent light rail transit (LRT) route catering to the
Klang Valley region. The surrounding area is well known for its bustling commercial activity, hosting
numerous types of businesses, stores, restaurants, service centers, healthcare facilities, and offices in close
proximity. The station is also near the Federal Highway, one of the first highways in Klang Valley, providing
easy connection via road networks and other public transportation. The feeder bus routes are marked with bus
symbols, indicating the corresponding stops along the routes. The transport system plays a vital role in
facilitating the movement of people to and from work, shopping, and other destinations in the bustling
metropolitan environment of Petaling Jaya.

Figure 1. Land Use Map of the Study Area
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Figure 2. Study Area
3.2 Data Collection

Smart card transaction data were obtained from Prasarana’s Rapid Bus, the transit agency that operates
feeder bus services serving the Asia Jaya LRT Station. The total duration of the acquired dataset spans the first
half of 2023, from January to June. The dataset includes anonymized logs of boarding and alighting activities
of passengers on two feeder bus routes linked with the station, which are routes T786 and T787, as seen in
Error! Reference source not found.. Every transaction record includes details such as the boarding location,
the alighting place, the date, and the time.

3.3 Usage Patterns of Ridership

The temporal structure of the study area was examined using graph plotting to examine the usage patterns
of feeder bus ridership. Temporal analysis reveals variations in ridership on a daily, weekly, and monthly basis,
providing insights into periods of high travel demand and periods of reduced activity.

3.4 Spatial Analysis

Geographic Information System (GIS) spatial analysis tools were utilised to visually represent and
examine ridership patterns at bus stops along the two routes. Heat maps depicting the spatial distribution of
transit intensity were generated using kernel density estimation. A Moran’s | spatial autocorrelation analysis
was performed to examine the spatial dependence of ridership data and find clustering patterns.
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4.0 RESULTS AND DISCUSSIONS
4.1 Usage Patterns of Ridership

T787 and T786 Weekly Ridership
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Figure 3. T786 Weekly Ridership.

Error! Reference source not found. shows a line graph displaying ridership for the number of
boardings each week from the total data period for the T787 and T786 feeder bus routes. Over a half-
year period, the lines show how the number of boardings fluctuated during different months. T787’s
weekly ridership shows a higher overall ridership compared to T786. The number of T787 boardings
fluctuated significantly, ranging from a low of 1187 to a high of 2628. The T787 route’s lowest
monthly ridership still exceeds that of the T786, highlighting its popularity. The number of boardings
for T786 is shown on the graph’s vertical axis, which is marked with numbers ranging from 250 to
1100 in increments of 50. Notably, there are peaks in ridership of 1,112, 1,041, and 1,043 boardings,
which indicate some weeks of very high demand between April and July. In contrast, the line indicates
a drop to as low as 454, with some reaching over 600, indicating that fewer people were riding for
several weeks. Both routes experienced the lowest ridership in April and May 2023, primarily due to
the Hari Raya festive season, followed by a recovery in June.

T786 Total Hourly Ridership
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Figure 2. T786 Hourly Ridership.
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Figure 3. T787 Hourly Ridership.

Figure 2 and Figure 3 display the total number of hourly rides for the two routes, T786 and T787, covering
different days of the week, from Monday to Sunday, in one-hour increments. Each row in the grid links to a
day of the week, whereas the column links to the hour of the day. Bus routes in these figures show that the
buses operate as early as 6 in the morning to 11 at night, with different shaded tones. The shaded tones represent
the different amounts of ridership. It can be seen from the darker coloured shades that the peak hours consist
of two, which are the morning peak and the afternoon peak. The morning peak can be observed from 7 am to
9 am and 5 pm to 7 pm, as highlighted in dark colours in the graphs. There is considerably less ridership on
weekends, as seen in the figures, indicating that commuters might take the feeders to commute during the
weekdays for school or to work. These figures are useful for the transportation planning authority to provide
more buses during peak hours. There is considerably less ridership during the weekends, as seen in the figures
for both routes. The T787 route, however, shows some ridership on weekends, possibly indicating leisure
commuters.

4.2 Spatial Patterns of Ridership

The study revealed geographic variations in feeder bus ridership, with some stations experiencing greater
demand than others. Clusters of high ridership intensity, particularly near major destinations such as the Asia
Jaya LRT station itself, commercial centres, educational institutions, and residential complexes, were
identified using heat maps created by kernel density estimation, as shown in the following figures.
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Figure 4. Kernel Density Heat Map of T786 and T787 Boardings
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Error! Reference source not found. shows the heat map created by kernel density for boardings of
both the T786 and T787 routes. It is seen that people board from the Asia Jaya Station the most. Referring to
the pie charts in Figure 5 and Figure 6. The top individual boarding stations comprise a residential area, a
commercial area, and educational institutions.

T786 Percentage of Boarding Stations

PJ436 LRT ASIA JAYA 66.9%
M PJ251 UNIVERSITY TOWER 10.07%
PJ268 P} MIDTOWN 7.76%
M PJ267 PLAZA 33 5.77%
PJ247 MAHSA UNIVERSITY (TIMUR) 4.2%
M PJ439 SK SRI PETALING (OPP) 1.47%
PJ435 WISMA MCIS 1.26%
M PJ253 GERAK BUDAYA 1.154%
PJ269 NISSAN SERVICE PJ 0.63%
B PJ245 SMK SULTAN ABD SAMAD (TIMUR) 0.42%
PJ443 YAYASAN CANCERLINK 0.21%
M PJ254 CONDOMINIUM EHSAN RIA 0.105%

Figure 5. Percentage of Boarding Stations for T786

T787 Percentage of Boarding Stations

PJ436 LRT ASIA JAYA 41.5% PJ275 SIN CHEW MEDIA 0.974%
M pJ272 JAYA ONE MALL 15.08% M PJ302 QUILL 9 0.872%
PJ277 SYMPHONY 10.56% PJ441 TASIK TAMAN JAYA 0.615%
M PJ707 SEVENTEEN MALL 7.95% M PJ210 HOTEL LISA DE INN 0.462%
PJ278 DIGITAL MALL SEKSYEN 14 4.31% PJ439 SK SRI PETALING (OPP) 0.359%
M P)276 DUTCH LADY INDUSTRIES 3.64% M P84 PJ WALK 0.0513%
PJ274 SIN CHEW DAILY 1.795%

M pj236 PERUMAHAN SEKSYEN 16 1.744%
PJ233 SHELL SEKSYEN 17 (OPP) 1.487%

M pJ435 WISMA MCIS 1.487%
PJ220 APARTMENT HAPPY 1.385%

M pj440 SK SRI PETALING 1.23%
PJ216 FLAT SEKSYEN 17 (BARAT) 1.18%

M pj219 APARTMENT HAPPY MANSION 1.18%
PJ232 APARTMENT HAPPY (OPP) 1.18%

M Pj217 SK SRI DAMAI (SELATAN) 0.974%

Figure 6. Percentage of Boarding Stations for T787

Alighting Stations for T786 and T787 vary slightly compared to boarding stations, as shown in Figures 9
and. For alighting stations, commercial centres, educational institutions, healthcare services, and residential
complexes are some of the top alighting stations most frequently alighted during the study period.
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T786 Percentage of Alighting Stations

;\‘

Figure 9

PJ267 PLAZA 33 34.4%
B PJ436 LRT ASIA JAYA 27.4%
PJ268 P) MIDTOWN 10.58%
M pJ247 MAHSA UNIVERSITY (TIMUR) 10.26%
PJ269 NISSAN SERVICE PJ 9.1%
B pj251 UNIVERSITY TOWER 2.22%
PJ435 WISMA MCIS 2.01%
M p)246 MAHSA AVENUE 1.27%
PJ253 GERAK BUDAYA 0.952%
M pj439 SK SRI PETALING (OPP) 0.847%
PJ245 SMK SULTAN ABD SAMAD (TIMUR) 0.741%
B pj252 SK SULTAN ALAM SHAH 2 0.2116%

and Figure 10. The pie charts show the percentages of each alighting station for both T786 and T787,
indicating the various bus route stops. The pie charts indicate that some bus stops have a very small number

of people using them.

T786 Percentage of Alighting Stations

;\‘

PJ267 PLAZA 33 34.4%
B PJ436 LRT ASIA JAYA 27.4%
PJ268 P) MIDTOWN 10.58%
B pJ247 MAHSA UNIVERSITY (TIMUR) 10.26%
PJ269 NISSAN SERVICE PJ 9.1%
B pj251 UNIVERSITY TOWER 2.22%
PJ435 WISMA MCIS 2.01%
M p)246 MAHSA AVENUE 1.27%
PJ253 GERAK BUDAYA 0.952%
M pj439 SK SRI PETALING (OPP) 0.847%
PJ245 SMK SULTAN ABD SAMAD (TIMUR) 0.741%
M pj252 SK SULTAN ALAM SHAH 2 0.2116%

Figure 9. T786 Percentage of Alighting Stations
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T787 Percentage of Alighting Stations

D

PJ436 LRT ASIA JAYA 34.8%
M P)278 DIGITAL MALL SEKSYEN 14 14.2%

PJ441 TASIK TAMAN JAYA 0.725%

M pj232 APARTMENT HAPPY (OPP) 0.41459
PJ277 SYMPHONY 7.93%

M p)707 SEVENTEEN MALL 7.62%

PJ276 DUTCH LADY INDUSTRIES 0.41459
M PJ274 SIN CHEW DAILY 0.2073%
PJ435 WISMA MCIS 5.7%
M Pj302 QUILL 9 4.87%
PJ272 JAYA ONE MALL 4.715%
M P)216 FLAT SEKSYEN 17 (BARAT) 3.575%
PJ210 HOTEL LISA DE INN 3.11%
M pj439 SK SRI PETALING (OPP) 3.06%

PJ442 FINAS 0.1036%
M pJ443 YAYASAN CANCERLINK 0.1036%
PJ84 PJ WALK 0.0518%

PJ217 SK SRI DAMALI (SELATAN) 1.917%

M Pj219 APARTMENT HAPPY MANSION 1.865%
PJ220 APARTMENT HAPPY 1.71%

M p)236 PERUMAHAN SEKSYEN 16 1.14%
PJ440 SK SRI PETALING 1.088%

M pj233 SHELL SEKSYEN 17 (OPP) 0.725%

Figure 10. T787 Percentage of Alighting Stations.

Table 1 presents a summary of land use categories in the proximity of each bus stop, based on the top 5
bus boarding and alighting locations, as per the GIS main level 1 land use category guide from Plan Malaysia
(2021). A good display of mixed land use can be seen in the top 5 boarding and alighting stations that
contributed to the ridership.

Table 1. Summary of Land Use Category in the Top 5 of Boardings and Alighting

Top S Stations

Land Use Category in Proximity

LRT Asia Jaya
Digital Mall Seksyen 14

Industrial, Residential, Commercial

Industrial, Residential, Commercial,

T787 . .
Alighting Symphony Commercial, Industrial
Seventeen Mall Commercial, Residential
Wisma MCIS Commercial
LRT Asia Jaya Industrial, Residential, Commercial
Jaya One Mall Industrial, Residential, Commercial
T787 C .
Boarding Symphony Commercial, industrial
Seventeen Mall Commercial, Residential
Digital Mall Seksyen 14 Industrial, Residential, commercial,
Industrial, Residential, Commercial, Institutional, and
Plaza 33 ; o
Community Facilities
T786 LRT Asia Jaya Industrial, Residential, Commercial
Alighting  PJ Midtown Industrial, Residential, Commercial

MAHSA University (Timur)

Nissan Service PJ

Institutional and Community Facilities, Residential

Industrial, Commercial
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LRT Asia Jaya Industrial, Residential, Commercial
. . Institutional and Community Facilities, Residential,
University Tower .
Commercial
T786 PJ Midtown Industrial, Residential, Commercial

Boarding Industrial, Residential, Commercial, Institutional, and

Plaza 33 Community Facilities

Mahsa University (Timur) Institutional and Community Facilities, Residential

Spatial autocorrelation analysis revealed significant clustering of ridership data, suggesting spatial
dependence in feeder bus usage patterns. The results of Moran’s I Statistics for Spatial Autocorrelation are in
Table 2 for the boarding and alighting of passengers of both routes to measure the spatial autocorrelation of
each dataset. Positive values indicated a positive spatial autocorrelation. The corresponding z-scores and p-
values were calculated to assess the significance of Moran’s I index. All four datasets were found to exhibit
significant spatial autocorrelation, as evidenced by their low p-values (p < 0.05). This suggests that the spatial
patterns within each dataset are unlikely to have occurred by random chance.

Table 2. Moran’s I Statistics

Moran’s Index Z-score p-value
T787 Alighting 0.000919 7.972 0.000
T787 Boarding 0.000395 3.514 0.000441
T786 Alighting 0.002814 11.882 0.000
T786 Boarding 0.001157 5.632 0.000

Moran’s I is a valuable diagnostic tool for identifying spatial patterns and guiding further modeling or
policy analysis. The results indicate that there are spatial factors that affect travel, thereby influencing bus
usage patterns. This, in turn, has implications for transport planning and service optimization. Further analysis
of riders’ clustering patterns will be conducted to identify areas of highest demand and take appropriate steps
regarding route planning, timetabling, and resource allocation.

5.0 CONCLUSION

In conclusion, this research has found significant results on the spatial and temporal feeder bus ridership
at Asia Jaya LRT Station in Petaling Jaya. This study has utilized smart card transaction data and GIS spatial
analysis techniques to identify preliminary factors contributing to passenger demand, as well as suggest ways
to improve the service through initial investigations. Furthermore, the feeder bus ridership analysis over time
shows fluctuations in demand on a daily, weekly, and monthly basis, indicating peak travel times and periods
of decreased activity. Understanding the temporal aspect can inform decisions on scheduling adjustments,
frequency improvements, and resource allocation strategies. This enables a more efficient alignment of supply
and demand, enhancing commuters’ user experience. Spatial analysis of Moran’s I also revealed spatial
clustering of high ridership. By knowing when and where people are using these buses, those in charge can
improve the service to make it more efficient, thereby helping to build transportation connectivity and
supporting sustainable urban mobility. Maps produced helped to spatially inspect areas with high demand for
further analysis and improved management of buses.

The primary objective of this investigation is to provide valuable insights for city planners and transport
authorities in optimizing feeder bus systems and improving transit connections within the region, based on an
analysis of smart-card transactions collected from all feeder buses serving the Asia Jaya station. Considering
that feeder bus services operate around the Asia Jaya LRT station, such findings would greatly inform
policymakers involved with regional public transportation planning, particularly those concerned with
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designing effective feeder bus routes as part of their integrated urban development strategies for areas like
Klang Valley, among others.

The results of this study hold significant implications for the design and formulation of urban transport
policies in the Klang Valley and other comparable urban areas, particularly in the selection of feeder bus routes.
Policymakers can enhance the efficiency of feeder bus services and transit connections by understanding the
spatial and temporal dynamics of feeder bus ridership and recognising the factors influencing passenger
demand. There are limitations, but there are some ways to improve the study in the future, such as increasing
the study period. Currently, the smart card data used is historical data from the first six months of 2023.
Additionally, another rail station can be used for comparison with the results of this study. Another limitation
is that the smart card data retrieved by Prasarana on the basis of ridership may contain missing records or
anomalies. However, it can be well understood that the received ridership count is sufficient as long as the
overall pattern and trend can be seen from the bus routes.

In the future, there are numerous opportunities for further research to build upon the discoveries of this
study and enhance sustainable transportation planning in the Klang Valley. More data can be integrated to
better understand the readily available information. Potential areas for future research could involve
comprehensive examinations of socio-economic variables that impact the use of feeder buses, assessments of
strategies for integrating multiple modes of transportation, evaluations of fare regulations and subsidies, and
long-term investigations into changes in travel behaviour. Points of interest can be used in conjunction with
land use categories for a more detailed categorization of land use.

ACKNOWLEDGEMENT

The authors wish to thank and acknowledge the Ministry of Higher Education Malaysia and Universiti
Teknologi MARA (UiTM) for their sponsorship throughout the study under the SLAB/SLAI Scholarship
Scheme. Special thanks also go to colleagues in the School of Geomatics Science and Natural Resources,
College of Built Environment, UiTM, and Centre for Sustainable Urban Planning & Real Estate (SUPRE),
Universiti Malaya, for providing facilities and guidance that contributed to the achievement of this study.

6.0 REFERENCES

Abdul Halim, M., Rosni, N. A., & Tsong, T. B. (2023). Conceptual Framework for Maximizing Service
Catchment Area Between Rail Transit and Feeder Service Using Spatial Temporal Regression Technique.
IOP Conference Series: Earth and Environmental Science, /240(1), 012010. https://doi.org/10.1088/1755-
1315/1240/1/012010

Abdullah, J., Abdul Rashid, K., Baharom Shah, M. 1., Ling, O. H. L., Abdul Majid, R., & Ngah, R. (2020).
Land Use Development And Ridership At Kelana Jaya Lrt Line, Malaysia. PLANNING MALAYSIA,
18(14). https://doi.org/10.21837/pm.v18i14.828

Amir, A. (2022). LRT breakdown: RapidKL takes additional steps for affected passengers’ sake. New Straits
Times. https://www.nst.com.my/news/nation/2022/11/848876/Irt-breakdown-rapidkl-takes-additional-
steps-affected-passengers-sake

Anselin, L., Syabri, 1., & Kho, Y. (2010). GeoDa: An Introduction to Spatial Data Analysis. In (pp. 73-89).
Springer Berlin Heidelberg. https://doi.org/10.1007/978-3-642-03647-7 5

Bachok, S., Mohamad, M. R., Oladejo, A. O., & Mohd Zahari, M. Z. (2021). Quantitative Assessment of the
Newly MRT System from the Rider’s Perspectives. Environment-Behaviour Proceedings Journal, 6(16),
291-298. https://doi.org/10.21834/ebp;j.v6i16.2602

Bernama. (2023). Rapid Bus expands on-demand concept for mini-bus, feeder service. The Sun.
https://www.thesundaily.my/local/rapid-bus-expands-on-demand-concept-for-mini-bus-feeder-service-
NB11232168

86


https://doi.org/10.1088/1755-1315/1240/1/012010
https://doi.org/10.1088/1755-1315/1240/1/012010
https://doi.org/10.21837/pm.v18i14.828
https://www.nst.com.my/news/nation/2022/11/848876/lrt-breakdown-rapidkl-takes-additional-steps-affected-passengers-sake
https://www.nst.com.my/news/nation/2022/11/848876/lrt-breakdown-rapidkl-takes-additional-steps-affected-passengers-sake
https://doi.org/10.1007/978-3-642-03647-7_5
https://doi.org/10.21834/ebpj.v6i16.2602
https://www.thesundaily.my/local/rapid-bus-expands-on-demand-concept-for-mini-bus-feeder-service-NB11232168
https://www.thesundaily.my/local/rapid-bus-expands-on-demand-concept-for-mini-bus-feeder-service-NB11232168

Journal of Design and Built Environment, Special Issue 2025, 74-88 M. Abdul Halim et al

Chen, C., Feng, T., Ding, C., Yu, B., & Yao, B. (2021). Examining the spatial-temporal relationship between
urban built environment and taxi ridership: Results of a semi-parametric GWPR model. Journal of
Transport Geography, 96, 103172. https://doi.org/10.1016/j.jtrangeo.2021.103172

Chen, E., Ye, Z., Wang, C., & Zhang, W. (2019). Discovering the spatio-temporal impacts of built environment
on metro ridership using smart card data. Cities, 95, 102359.
https://doi.org/https://doi.org/10.1016/].cities.2019.05.028

EPU, P. M. s. D. (2022). National Energy Policy 2022-2040.

Gan, Z., Feng, T., Yang, M., Timmermans, H., & Luo, J. (2019). Analysis of Metro Station Ridership
Considering  Spatial  Heterogeneity. Chinese  Geographical Science, 29(6), 1065-1077.
https://doi.org/10.1007/s11769-019-1065-8

Gomez, C. P., Omar, M., & Nallusamy, R. (2019). A4 Study on the Benefits of Transit Oriented Development
in Malaysia And Incoporation of Those Benefits in Planning. MATEC Web of Conferences, 266, 06016.
https://doi.org/10.1051/matecconf/201926606016

Goodchild, M. F. (2016). GIS in the Era of Big Data. Cybergeo: European journal of geography.

Kaéresdotter, E., Page, J., Mortberg, U., Nésstrom, H., & Kalantari, Z. (2022). First Mile/Last Mile Problems
in Smart and Sustainable Cities: A Case Study in Stockholm County. Journal of Urban Technology, 29(2),
115-137. https://doi.org/10.1080/10630732.2022.2033949

Li, S., Dragicevic, S., Castro, F. A., Sester, M., Winter, S., Coltekin, A., Pettit, C., Jiang, B., Haworth, J., Stein,
A., & Cheng, T. (2016). Geospatial big data handling theory and methods: A review and research
challenges. ISPRS Journal of Photogrammetry and Remote Sensing, 115, 119-133.
https://doi.org/https://doi.org/10.1016/].isprsjprs.2015.10.012

Li, S., Lyu, D., Liu, X., Tan, Z., Gao, F., Huang, G., & Wu, Z. (2020). The varying patterns of rail transit
ridership and their relationships with fine-scale built environment factors: Big data analytics
from Guangzhou. Cities, 99, 102580. https://doi.org/https://doi.org/10.1016/j.cities.2019.102580

Longley, P. A., Goodchild, M. F., Maguire, D. J., & Rhind, D. W. (2015). Geographic information science and
systems. books.google.com.
https://books.google.com/books?hl=en&lr=&id=C_EwBgAAQBAJ&oi=fnd&pg=PR10&dq=geographic
+information+systems+and+science&ots=roOEVsV-LJ&sig=aq32ftLCIxxOdQwbmq2-LQ7ECyl

Ma, Z. Y. (2024). Analysing Bus Commuting Patterns Using Smart Card Data: A Case Study in Neihu
Technology Park. https://search.proquest.com/openview/d948a2c0a3ce642c8dd09abcacad8141/17pq-
origsite=gscholar&cbl=2026366&diss=y&casa token=PSd6SPF rUAAAAAA:BWT7fCfbWNNFJjoOtgf
VZgoMn_3i7odyhrrtUYmniVGaangMe6LoPStVuzAsdP5zXJYZ38aQf791bEp

MBPIJ. (2019). Draf Rancangan Kawasan Khas Seksyen 13, Petaling Jaya (Pengubahan I). Petaling Jaya:
Majlis Bandaraya Petaling Jaya.

MOT Malaysia, M. o. T. (2019). National Transport Policy 2019-2030.

Miitzel, C. M., & Scheiner, J. (2022). Investigating spatio-temporal mobility patterns and changes in metro
usage under the impact of COVID-19 using Taipei Metro smart card data. Public Transport, 14(2), 343-
366. https://doi.org/10.1007/s12469-021-00280-2

Nur Sunoto, Y., Ponrahono, Z., Ash’Aari, Z. H., Rosni, N. A., Rabe, N. S., Mat Shukri, N. S., & Wan Ghazali,
W. N. W. (2021). The Influence of Land Use Activities Towards Mass Rapid Transit (MRT) Feeder Bus
Service Ridership. PLANNING MALAYSIA, 19. https://doi.org/10.21837/pm.v19i18.1052

Olabayonle, O. A., Mohamad, M. R., Bachok, S., & Mohd Zahari, M. Z. (2021). Assessing MRT Feeder Bus
Services Performance Through Passengers’ Satisfaction Level in The Selected Stations of Klang Valley,
Malaysia. PLANNING MALAYSIA, 79(15). https://doi.org/10.21837/pm.v19i15.933

PlanMalaysia. (2021). Manual Sistem Maklumat Geografi (GIS) Rancangan Pemajuan Versi 2.0.

87


https://doi.org/10.1016/j.jtrangeo.2021.103172
https://doi.org/https:/doi.org/10.1016/j.cities.2019.05.028
https://doi.org/10.1007/s11769-019-1065-8
https://doi.org/10.1051/matecconf/201926606016
https://doi.org/10.1080/10630732.2022.2033949
https://doi.org/https:/doi.org/10.1016/j.isprsjprs.2015.10.012
https://doi.org/https:/doi.org/10.1016/j.cities.2019.102580
https://books.google.com/books?hl=en&lr=&id=C_EwBgAAQBAJ&oi=fnd&pg=PR10&dq=geographic+information+systems+and+science&ots=r6OEVsV-LJ&sig=aq32ftLCIxxOdQwbmq2-LQ7ECyI
https://books.google.com/books?hl=en&lr=&id=C_EwBgAAQBAJ&oi=fnd&pg=PR10&dq=geographic+information+systems+and+science&ots=r6OEVsV-LJ&sig=aq32ftLCIxxOdQwbmq2-LQ7ECyI
https://search.proquest.com/openview/d948a2c0a3ce642c8dd09abcacad8141/1?pq-origsite=gscholar&cbl=2026366&diss=y&casa_token=PSd6SPF_rUAAAAAA:BW7fCfbWNNFJj0tgfVZqoMn_3i7odyhrrUYmniVGaanqMe6LoPStVuzAsdP5zXJYZ38aQf791bEp
https://search.proquest.com/openview/d948a2c0a3ce642c8dd09abcacad8141/1?pq-origsite=gscholar&cbl=2026366&diss=y&casa_token=PSd6SPF_rUAAAAAA:BW7fCfbWNNFJj0tgfVZqoMn_3i7odyhrrUYmniVGaanqMe6LoPStVuzAsdP5zXJYZ38aQf791bEp
https://search.proquest.com/openview/d948a2c0a3ce642c8dd09abcacad8141/1?pq-origsite=gscholar&cbl=2026366&diss=y&casa_token=PSd6SPF_rUAAAAAA:BW7fCfbWNNFJj0tgfVZqoMn_3i7odyhrrUYmniVGaanqMe6LoPStVuzAsdP5zXJYZ38aQf791bEp
https://doi.org/10.1007/s12469-021-00280-2
https://doi.org/10.21837/pm.v19i18.1052
https://doi.org/10.21837/pm.v19i15.933

Journal of Design and Built Environment, Special Issue 2025, 74-88 M. Abdul Halim et al

Tu, W., Zhu, T., Zhong, C., Zhang, X., Xu, Y., & Li, Q. (2022). Exploring metro vibrancy and its relationship
with built environment: a cross-city comparison using multi-source urban data. Geo-spatial Information
Science, 25(2), 182-196. https://doi.org/10.1080/10095020.2021.1996212

Yang, L. (2023). Time-varying and non-linear associations between metro ridership and the built environment.
https://api.elsevier.com/content/article/eid/1-s2.0-S0886779822005727.
https://api.elsevier.com/content/abstract/scopus_id/85145255869

Yee, X. Y., & Shah, M. F. (2022). Wee: No compromise on LRT users’ safety. The Star.

Yeong, A. (2022). Prasarana says LRT breakdown a manufacturing issue; sending 73 feeder buses to five
routes along Kelana Jaya line. Malay Mail.
https://www.malaymail.com/news/malaysia/2022/11/09/prasarana-says-Irt-breakdown-a-manufacturing-
issue-sending-73-feeder-buses-to-five-routes-along-kelana-jaya-line/38454

Yu Li, X., Krishna Sinniah, G., & Li, R. (2022). Identify impacting factor for urban rail ridership from built
environment spatial heterogeneity. Case Studies on Transport Policy, 10(2), 1159-1171.
https://doi.org/https://doi.org/10.1016/].cstp.2022.04.003

Yusoff, I., Ng, B.-K., & Azizan, S. A. (2021). Towards sustainable transport policy framework: A rail-based
transit  system in  Klang  Valley,  Malaysia. PLOS ONE, 16(3), 0248519.
https://doi.org/10.1371/journal.pone.0248519

Zhan, Q., Jia, Y., Zheng, Z., Zhang, Q., & Luo, L. (2022). Associations of land use around rail transit stations
with jobs—housing distribution of rail commuters from smart-card data. Geo-spatial Information Science,
1-16. https://doi.org/10.1080/10095020.2022.2100286

Zhang, Y., Marshall, S., Cao, M., Manley, E., & Chen, H. (2021). Discovering the evolution of urban structure
using smart card  data: The case of  London. Cities, 112, 103157.
https://doi.org/https://doi.org/10.1016/j.cities.2021.103157

88


https://doi.org/10.1080/10095020.2021.1996212
https://api.elsevier.com/content/article/eid/1-s2.0-S0886779822005727
https://api.elsevier.com/content/abstract/scopus_id/85145255869
https://www.malaymail.com/news/malaysia/2022/11/09/prasarana-says-lrt-breakdown-a-manufacturing-issue-sending-73-feeder-buses-to-five-routes-along-kelana-jaya-line/38454
https://www.malaymail.com/news/malaysia/2022/11/09/prasarana-says-lrt-breakdown-a-manufacturing-issue-sending-73-feeder-buses-to-five-routes-along-kelana-jaya-line/38454
https://doi.org/https:/doi.org/10.1016/j.cstp.2022.04.003
https://doi.org/10.1371/journal.pone.0248519
https://doi.org/10.1080/10095020.2022.2100286
https://doi.org/https:/doi.org/10.1016/j.cities.2021.103157

