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Towards Sustainable Mobility with Transit-Oriented Development (TOD): 
Understanding Greater Kuala Lumpur 
 

Abstract 

Greater Kuala Lumpur is striving to pursue efficiency and liveability by maximising urban 

productivity while simultaneously continuing its intensive urbanisation. Thus, the expansion 

and enhancement of its public transport provide opportunities for transit-oriented developments 

(TODs) near designated stations. The public’s understanding and expectation of this model of 

urban planning are examined and factor analysis is used to reveal the underlying TOD factors, 

which relate to a conducive and seamless pedestrian environment, affordability, quality of the 

public transport system, pedestrian amenities and a compact and mixed-development concept. 

This paper identifies how development projects can become transit- oriented to enhance 

sustainable mobility behaviours. 

Keywords: Transit-oriented development; sustainable mobility; urban design; public 

transport; factor analysis; Greater Kuala Lumpur 

Introduction 

The ever-increasing trend of car ownership and car usage in Malaysia concerns both the 

government and the public, as it is both expensive for the nation to sustain and aggravates the 

country’s current issues of car dependency and traffic problems. According to the World Bank 

(2015) in its 12th Malaysia Economic Monitor, the time Malaysians spend in traffic congestion 

contributed to a loss of 1.1% to 2.2% of 2014 GDP, adding to the high costs of suburbanisation 

and alerting the Malaysian government to the exigent need of an integrated urban transportation 

system to stimulate sustainable mobility, particularly in such high-density urban centres as 

Greater Kuala Lumpur (GKL).   
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Urban transport is the backbone and lifeline of an urban area, as it can affect the economic 

and social sustainability of a city. To address urban transport issues, transit-oriented 

development (TOD) is now becoming a popular approach to optimise the use of land. TOD is 

a term used to describe the physical integration and linkage of public transportation investments 

and urban land development at or near a station (Cervero 2012). TOD is a modern urban 

planning concept, focusing on the sustainable development and smart growth of the area 

surrounding a transit facility (Cervero and Day 2008; Papa and Bertolini 2015). It is designed 

to connect people to the public transit system and allow them to carry out their daily tasks on 

foot (Ewing and Cervero 2010) − ultimately curtailing their dependence on private vehicle 

travel, which can significantly reduce the national carbon footprint and improve air quality 

(Cervero 2012; Gu et al. 2018). Moreover, it serves the purpose of increasing foot traffic on 

the streets, which encourages social interaction between residents (Li 2018). This allows the 

creation of a friendly community, in which walking is safe and comfortable (Nasri and Zhang 

2014; Vale 2015). Langlois et al.'s (2016) survey of residents living in North American TODs 

found they could positively increase physical activity through utilitarian trips − stimulating 

considerable health benefits. In this regard, TOD successfully altered people’s travel behaviour 

by their proximity to transit stations and other destinations. 

 Nevertheless, this major shift in urban planning − integrating a compact mixed-use 

development that is pedestrian- and bicycle-friendly and positioned near mass-transit facilities 

− has just emerged in Malaysia and is establishing a trend among large property developers 

(Gomez et al. 2019; Yap and Goh 2017). However, the implementation of Malaysian TODs is 

still in its early stages and the public is largely unaware of this liveable compact development 

concept (Yap and Goh 2017). As Najib et al. (2020, p. 1) highlight, “the development of TODs 

in Malaysia is still unclear because of the lack of specific development and planning guidelines 

relating to TOD[s] have been gazetted at the federal level”. The potential benefits of TOD are 
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sometimes not well-considered (Abutaleb et al. 2020): Higgins and Kanaroglou (2016: 61), for 

example, explain that the “heterogeneity in station area contexts presents significant 

complexity … in understanding existing TOD conditions”. There also remains a substantial 

gap in the knowledge of the underlying factor structure of a successful TOD in a developing 

Asian country such as Malaysia, as most published studies are related to the Western world 

and developed East Asian countries with a subtropical climate.  

In response to these problems, this study aims to contribute by appraising the potential 

of TOD in promoting sustainable urban growth in GKL, particularly to increase public 

transport ridership by reducing the use of private cars on the daily commute. The specific 

objectives are:  

1. To examine the potential benefits of TOD;  

2. To identify the desired features of TOD; and 

3. To explore the underlying factors making TOD attractive by factor analysis of the desired 

features. 

As accentuated by Kamruzzaman et al. (2014), the “one-size fits all” approach to TOD does 

not apply to all cases, whereas Thomas et al. (2018) opine that policy learning and localised 

adaptation are crucial factors affecting TOD implementation. Thus, this GKL-based study in 

Malaysia will help guide policymakers, urban planners, designers and engineers on the delivery 

of pedestrian-oriented design and built environment around transit station in countries with a 

comparable equatorial climate, experiencing high temperatures and humidity throughout the 

year. 
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Literature Review 

Characteristics of TOD 

There have been numerous definitions of TOD since its introduction by Peter Calthorpe in the 

late 1980s and published in 1993. Bertolini (1999) sees TOD as an urban development strategy 

that links the nodes of public transportation to activity places within an area. In this vein, 

Cervero (2007) highlights the TOD concept as forming mixed-use land around transit services 

and providing pedestrian-friendly facilities. Renne (2009), for example, describes it as the 

development of a compact neighbourhood within a transit station precinct. In the light of this, 

TOD is an urban planning strategy that focuses on the development of land surrounding a 

transit facility to create a liveable urban environment by improving the integration between 

land-use and transportation systems (Teklemariam and Shen 2020). Given technological 

innovation in the 21st Century, the term ‘transit’ is not only restricted to rail-based infrastructure 

but also denotes a wide range of transport modes, such as BRT, walking, cycling and 

autonomous modes (Knowles et al. 2020). TOD connects people through well-designed street 

patterns, a mix of uses located close-by and the availability of public transport (Buys et al. 

2007; Suzuki et al. 2013) so that people have an alternative of not using motorised vehicles and 

using mass transit instead (Abutaleb et al. 2020; Ling et al. 2010) – reducing vehicle trips in 

urban areas with concomitant decreased carbon emissions. For example, an optimised TOD 

model using linear programming in Jakarta indicates an increase in LRT ridership by up to 

55% in promoting sustainable mobility (Berawi et al. 2020).   

The primary planning elements of TOD include the three Ds of density, diversity and 

design (Calthorpe 1993), while another two Ds − distance to transit and destination 

accessibility − supplement the list (Cervero and Kockelman 1997; Ewing and Cervero 2010). 

Later, Ogra and Ndebele (2014) introduced another D of demand management − describing the 
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various strategies aimed at reducing the need for vehicle trips. The key determinants involved 

in demand management include ample public transport facilities (e.g., trains, buses, taxis), 

adequate vehicle parking facilities around stations and the provision of drop off zones at the 

station area. Subsequently, Knowles and Ferbrache (2016) acknowledged the need for high-

quality transport services (frequency, speed and capacity) to enhance connectivity. These are 

the seven key characteristics and planning elements of TOD (Knowles et al. 2020). To embed 

green urbanism, Huang and Wey (2019) use ‘distinction’ as the other D to Green TOD, which 

incorporates green building design, a zero-waste community, water recycling, low-carbon 

transportation planning, renewable energy usage and urban open spaces.  

Furthermore, this urban planning concept also incorporates active transport and social 

interaction. The built environment is designed to provide a friendly environment for 

pedestrians, in which their social connectivity in the interim increases. Public space in a 

neighbourhood usually refers to the gathering and connecting of such spaces as green parks 

and open spaces to support community activities and social interactions. Lund (2002) opines 

that, whenever a park is accessible to a neighbourhood, the residents are more willing to make 

unplanned walking trips rather than designated trips and interact with other people along the 

road. In addition, the residents in a TOD have a more active lifestyle due to the increased 

walkability of the built environment (Langlois et al. 2016). Social interactions are essential to 

strengthen the community and develop a sense of community among residents (Stanley et al. 

2012). In this respect, built environment factors influence how urban communities engage in 

terms of physical and social activities (Stanley et al. 2010; Stanley and Vella-Brodrick 2009). 

The station area is also equipped with such other facilities as convenience shops, groceries, 

restaurants or cafes, florists, clinics, pharmacies, nurseries and bookstores (Cervero and 

Kockelman 1997; Mu and de Jong 2012; Noland et al. 2017). A recent U.S. study by Li (2018) 

found that the travel decisions of TOD residents are influenced by the accessibility of 
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amenities, proximity of transit facilities to allow walking, appropriateness of built environment 

facilities and service quality of existing transit facilities. How residents consider their location 

decisions and housing attributes is referred to as ‘resident self-selection’ (Olaru et al. 2011). 

Thus, TODs offer an important sustainable transformation towards walkable and sustainable 

communities for people of all ages and incomes and provide more transport and housing 

choices. 

Benefits of TOD 

Living in a TOD is always associated with sustainable mobility and encouraging less car-

dependent travel (Cervero and Kockelman 1997). Transport mobility provides a healthier 

lifestyle and also increases social connectivity, which benefits people’s quality of life (Spinney 

et al. 2009). Lund's (2002) investigation of the influence of the objective and subjective 

qualities of physical environments in shaping people’s behaviours found that a sense of 

community created by establishing a TOD could help provide more personal interactions and 

communication. Mobility in a TOD is provided by active transport and the use of public 

transportation (Kamruzzaman et al. 2014a). Members of the public enjoy better access to their 

destinations with well-connected streets and pedestrian-friendly walkways (Yap and Goh 

2017). According to Cervero and Kockelman (1997), 75% more residents in the San Francisco 

Bay Area TOD are willing to travel by non-vehicular modes to a convenience store located 

within a quarter-mile (approximately 400m) distance. TOD features change people’s 

perspective of public transport and encourage them to ride rather than drive (Lund, 2002). As 

Cervero (2007) comments, a well-connected street design with pedestrian-friendly features has 

a strong influence on travel choice. A TOD provides residents with job accessibility and, 

together with connecting transit networks, encourages them to be more willing to switch their 

transport mode if the time to travel to work is lessened by public transit (Transit Cooperative 

Research Program 2008). 
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Olaru et al. (2011) reveal that the residents of Wellard, a TOD township in Western 

Australia, owned fewer cars once rail transit came into operation, suggesting that TOD can 

curb traffic problems. Many past studies have reported positive findings relating to TOD’s 

ability to reduce private vehicle ownership and usage, which subsequently eases traffic 

congestion in urban areas (Cervero and Kockelman 1997; Ratner and Goetz 2013; Renne 2009; 

Sung and Choi 2017). In addition, TOD can also reduce spending on transportation (Yap and 

Goh 2017). Renne's (2009) San Francisco study, for instance, found that Bay Area TOD 

residents allocate most of their income to investment properties and less to transportation, as 

the extensive transit network encourages them to travel more affordably. Spending on 

transportation can therefore be reduced by living in a TOD and freeing-up disposable income 

for other uses (Transit Cooperative Research Program 2008). It is also worth noting that 

researchers and policymakers regard TOD in general as a practical solution to urban sprawl. 

Against this background, Papa and Bertolini (2015) agree that TOD mitigates urban sprawl and 

delivers other benefits in the form of public transit use and non-motorised travel. Similarly, 

Lund et al. (2004) and Olaru et al. (2011) also agree on the use of TOD as a planning tool to 

reduce urban sprawl. Table 1 summarises the significant benefits of TOD gleaned from 

reviewing the existing international TOD-related literature, particularly in alleviating a variety 

of urban problems and delivering a direct impact on urban mobility. 

[Please insert Table 1 here] 

The Need for TOD in Greater Kuala Lumpur 

Greater Kuala Lumpur (GKL) (also known as the Klang Valley region) is centred in Malaysia’s 

capital city of Kuala Lumpur and includes other adjoining cities and towns in the state of 

Selangor, covering 2,793km2 or approximately 4 times the size of Singapore. With more than 

7.2 million people, this significant urban agglomeration is the country’s main economic engine 
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hub and most populated region (Kushairi 2017) − the only one in the country equipped with an 

extensive public rail transportation system (Chuen et al. 2014). Climatic-wise, GKL is located 

near the equator, with the climate being hot and humid throughout the year. The average 

temperature is 27oC (80.6oF).  

With a rising population and steady economic growth, GKL is no exception in 

experiencing the negative consequences of urban sprawl. Suburbanisation started during the 

shift from agricultural-based activities to manufacturing in the 1980s, when people started to 

relocate to suburban neighbourhoods due to the presence of cheaper properties and the national 

automotive policy at the time encouraging ownership of indigenous cars (Abdullah et al. 2009). 

Thus, there became a need to change the land-use planning process in developing towns and 

cities. Against this background, one of the National Key Result Areas (NKRA) in the 2010 

Government Transformation Programme is to improve urban public transport in tandem with 

the GKL/Klang Valley National Key Economic Area (Performance Management and Delivery 

Unit 2010). The opportunity for TOD arose when the government embarked on expanding and 

improving public transport in the country’s urban areas as a means of stimulating economic 

growth and relieving traffic congestion. 

The 11th Malaysian Plan (11MP), covering the 2016-20 period, provides development 

strategies for the transport sector, in providing a seamless transportation system and facilitating 

enhanced mobility for residents and visitors and with 40% of transport in GKL envisioned to 

be public options. One of the most significant projects is the extension of the Ampang and 

Kelana Jaya LRT rail line and the introduction of the MRT line (Figure 1). As such, the 

extensive public transit system provides sustainable modes of transport and ample growth 

opportunities for the TOD planning concept in GKL as the country gears towards a high-

income advanced-nation status (Gomez et al. 2019).  
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[Please insert Figure 1 here] 

Despite the billions of ringgits invested in these large public rail projects, the overall ridership 

of the LRT, MRT, KL Monorail and KTM Komuter has not increased significantly over recent 

years. The travel pattern in GKL today is still mostly by private vehicles (Kidokoro 2020) – 

the major source of air pollution in urban areas (Ling et al. 2010). According to Chuen et al. 

(2014), more than 80% of the 7.23 million trips daily in this region are made using private 

transport, with the majority being single-occupancy vehicles. Facing congestion on road 

networks in the city centre, the daily commutation to and from work is time-consuming 

together with the inevitable need to pay for the running and maintenance costs of cars. Using a 

household sampling survey within the Klang Valley region, Ling et al. (2010) found human 

health and air quality to be closely related to urban land-uses. In investigating the barriers to 

using sustainable transportation for daily trips, Nasrudin et al. (2014) found residents in Shah 

Alam to be concerned about inefficient services and expensive fares. Notably, a high reliance 

on private transport is closely associated with the difficulty of reaching public transport where 

public transportation alternatives are limited and underutilised (The World Bank 2015). 

Intriguingly, KL has been ranked 95th out of 100 cities observed in the Sustainable Cities 

Mobility Index, with the leading cities being Hong Kong, Zurich, Paris, Seoul and Prague 

(Arcadis 2017). Against this background, comprehensive and integrated planning is necessary 

to ensure people have reliable public transport to meet their commuting needs.  

 The feeling of people about walking and cycling is weather-sensitive (Langlois et al. 

2016). For example, the reasons deterring cycling and walking in Shah Alam include hot 

weather, safety issues, inadequate cycling tracks and dilapidated pedestrian walkways 

(Nasrudin et al. 2014). As such, the walkable distance in tropical Asian cities is relatively much 

less due to the hot and humid conditions (Zakaria and Ujang 2015). Walking acceptance is also 

influenced by the design of the surrounding environment to support walking preferences 
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(Pongprasert and Kubota 2019). The environmental quality and physical arrangement of urban 

elements are significant factors influencing pedestrians’ ease and comfort of walking (Zakaria 

and Ujang 2015). Against this background, the urban design of a TOD needs to be blended 

with an intimate sense of local reality to be successful and meet desired goals.  

The TOD planning concept is popular due to its ability to reduce the massive traffic 

congestion caused by the increasing number of cars on the road. Improvements in the public 

transport system and problems caused by increasing private vehicle ownership together with 

suburbanisation provide a good platform to incorporate TOD in GKL’s city planning. The 

design of a TOD has to be able to suit the physical environment and preferences of local 

residents. Some TOD areas are being initiated in KL along extensive public transport lines after 

the success of KL Sentral as the first TOD in Malaysia (Figure 2).  

[Please insert Figure 2 here] 

Given the geographical context of weather and cultural, economic and historical background, 

the transfer of TOD as a policy concept from one city to another may not necessarily lead to 

successful implementation. In this light, essential local elements must be considered to 

establish an appropriate framework for GKL to reduce car use and motivate the adoption of 

sustainable travel behaviours. 

Features of TOD 

Table 2 illustrates the features of TOD identified from 15 different published sources. TOD’s 

design concept revolves around the public transit station, which, with often distinctive and 

unique designs, is regarded as the TOD community landmark and identity. These features are 

built upon the main TOD characteristics of 6Ds and high-quality transport services as discussed 

above. 
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[Please insert Table 2 here] 

Methodology 

A postpositivist paradigm is adopted, with a deterministic philosophy (Creswell 2014), to 

assess the potential benefits and features of TOD in the context of GKL. In this quantitative 

research strategy, a thorough literature review was first conducted to recognise the potential of 

TOD. This provided a preliminary list of six potential benefits (Table 1) and eighteen features 

(Table 2) to be used as the variables in the study. A cross-sectional survey design was chosen 

to measure the opinions of people from a pre-determined population (Creswell 2014). The 

collected data were subjected to quantitative analysis using the Statistical Package for Social 

Sciences (SPSS), version 23, to determine the meaningful relationships between the variables. 

Questionnaire Development 

To obtain the perceptions of the public, a questionnaire was designed as the research 

instrument, which consisted of four sections. Section A was intended to evaluate the 

respondent’s understanding of the term “TOD”. In Section B, respondents indicated the 

significance of the benefits from TOD based on a 5-point Likert scale, from 1 (not at all 

beneficial) to 5 (highly beneficial). In Section C, respondents were asked to rate the importance 

of the TOD features on another 5-point Likert scale, from 1 (not important at all) to 5 

(extremely important). Section D required respondents to provide demographic information as 

gender, age group, occupation, education background and household income level. 

Data Collection 

The sampling unit consists of people residing within the GKL area. An explanatory research 

design was adopted using non-probability techniques of convenience and snowball sampling 

to select respondents: this approach is consistent with previous real estate studies (e.g., 
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Abdullah and Mazlan 2016; Pongprasert and Kubota 2019; Yap et al. 2019). The data were 

collected from a paper-and-pencil survey and online form. From a total of 500 distributed 

questionnaires, 107 valid responses were returned, providing a response rate of 21.4%, which 

is considered acceptable for a survey focused on gathering feedback from the public. 

Additionally, the sample size is considered adequate for factor analysis, as the respondent-to-

parameter ratio is over 5:1 (Pearson and Mundform 2017).  

Table 3 provides detailed information concerning the respondents. These comprise 

66.4% females and 33.6% males; most are 20-29 years old, with a bachelor degree, and in full 

employment. Approximately half have a middle-income (the M40 group at MYR 3,000.00 to 

MYR 10,000.00 per month), while 34.6% and 15.9% have a low-income (the B40 group at 

below MYR 3,000.00 per month) and top-income (the T20 group at above MYR 10,000.00 per 

month), respectively.  

[Please insert Table 3 here] 

Results 

Public Awareness of TOD 

Only 25% of the respondents have heard of the term TOD. While being quite low, this is 

nevertheless a big improvement on the 1% found in a similar study in 2017 (Yap and Goh 

2017) – the increase being most likely due to efforts of the Malaysian government and the 

private sector to introduce TOD. Following the success of Malaysia’s largest transit hub in KL 

Sentral, an exclusive urban centre in the Brickfields area, several other TODs have 

mushroomed close to the Light Rail Transit (LRT), Mass Rapid Transit (MRT) and Express 

Rail Link (ERL) lines, indicating that TODs are becoming increasingly relevant and Malaysia 

has fully embraced the concept (Buang 2018). Bandar Malaysia in Sungai Besi will be the next 
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iconic TOD project as it is to be the site for the High Speed Rail (HSR) station linking 

Singapore and Kuala Lumpur with two MRT stations.  

 Local developers often position TODs to exemplify the concept of ‘work, play, live and 

learn’ with an abundance of amenities, attractions and public transport, all within walking 

distance from the development. It is worth noting that more than 95% of the respondents see 

TOD as a new trend of modern city planning in GKL. Thus, these liveable compact 

developments coincide with the national agenda in building an environment that 

simultaneously enhances the quality of life and urban sustainability. 

Analysis and Ranking of TOD’s Benefits 

Cronbach’s alpha (α) is 0.747 (6 items), greater than the cut-off of 0.7 needed to indicate 

reliability (Hair et al. 2019). Table 4 shows the mean and standard deviation of the significance 

ratings for each benefit, the highest-rated benefits overall being ‘reduced traffic congestion’, 

‘greater mobility’ and ‘increased transit ridership’, with means of 4.54, 4.46 and 4.31 

respectively. Malaysia has the third highest car ownership per capita in the world (Bernama 

2017), which has created seemingly never-ending traffic problems, hampering the nation’s 

productivity and diminishing people’s family and leisure time. TOD is therefore leveraged to 

reduce the number of cars crowding the available road space by encouraging active transport 

and public commuting. This is unsurprising as Californian TOD Downtown Berkeley, for 

example, has already demonstrated that TOD’s built environment can encourage more 

sustainable travel patterns by residents (Renne 2009). 

The design of TOD allows residents to reach destinations using other transport modes, 

creating better mobility. This conforms with Curtis and Olaru's (2010) finding, for instance, 

that mixed land use in locations near a transit station can minimise travel, which in turn 

enhances resident mobility. An extensive public transport network also allows people to reach 
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places located further away in other city regions without being trapped in traffic congestion. 

Thus, TOD residents can walk and transit to their desired places more conveniently. This 

finding is also consistent with other similar TOD studies by Li (2018) and Yap and Goh (2017), 

where access to diverse destinations was identified as the main reason behind residential 

location decisions. 

That TOD can increase the use of public transport is also unsurprising, since TOD is 

centred on a public transportation hub. TOD provides a shorter travel distance to rail, metro 

trains or buses, as well as a comfortable street environment. Hence, residents are more willing 

to commute than drive. TOD residents use public transit five to six times more often than others 

(Transit Cooperative Research Program 2008). 

The Kruskal-Wallis test found no significant differences between the perceptions of the 

three different income groups on the benefits of TOD. 

[Please insert Table 4 here] 

Analysis and Ranking of TOD’s Features 

The internal consistency of variables accounted for a Cronbach α of 0.893 (18 items). Table 5 

presents the ranking of desired TOD features based on their mean values as rated by the three 

distinct income groups surveyed. Overall, all the desired features attain a mean score of more 

than the median random score of 3.0, and therefore are recognised as important on the rating 

scale. A close examination of Table 5 reveals a preference for a TOD with a reliable and 

extensive public transport system, brighter and walkable streets and with convenient access to 

various destinations. The features of ‘transport system reliability’ and ‘extensive public 

transport network’, with mean scores of 4.64 and 4.56 respectively, top the list, showing that 

Malaysians are most concerned with the services provided by public transport. Transport 
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system reliability refers to its punctuality, a regular number of trips, speed and travel time. 

When such services are reliable, the travel time required to reach the destination is shortened 

and people then start to travel for such purposes as work, running errands and leisure. This is 

supported by Chuen et al.'s (2014) study, which found that transit time is one of the influential 

factors attracting the use of public transit in Malaysia.  

The third and fourth most desired features are ‘street lighting’ (4.56) and ‘walkability’ 

(4.51), which are critical to improving the practicality, security and safety of both pedestrians 

and drivers (Makinde 2015; Thomas et al. 2018). The respondents are also concerned with the 

seamless accessibility of the TOD, being within an easy walk to a transit station. 

 However, the features of ‘reduced car park area’ (3.78) and ‘high-density development’ 

(3.58) are less appreciated, even though international studies have found these two features to 

be crucial to TOD planning (Knowles et al. 2020). For example, Chatman (2013) considers 

that higher housing density and scarcity of on- and off-street parking in New Jersey, United 

States, could induce residents to drive less. An alternative to reducing car parking would be for 

park-and-ride facilities to be provided at transit stations, since driving is inevitable due to 

inherent problems and inadequacies in the Klang Valley Integrated Transit System. Likewise, 

Loo et al. (2010) opine that adequate park-and-ride facilities have an important influence on 

railway patronage, especially in such urban centres with high car ownership as New York City 

and Hong Kong.  

 Unsurprisingly, high-density development is also less favoured. There were objections 

from the public when a plot ratio of 1:8 was proposed for the TOD-directed Petaling Jaya area 

(Priya 2018) − probably due to stress from having a higher population and concomitant 

concerns over traffic congestion and insufficient public amenities. In contrast, studies from 

such other regions as Korea (Sung and Choi 2017), Taiwan (Wey et al. 2016) and China (Mu 
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and de Jong 2012) found high-density development to be the key to successful TOD. The 

findings in Table 5 reveal that residents in GKL are still sceptical about higher-density mixed 

developments, as the associated features are also rated lower. Perhaps the solution can be found 

in the approach identified as a result of van Lierop et al.'s (2017) in-depth interviews with 13 

TOD experts in the United States, Canada and The Netherlands, which concluded that TOD 

success is associated with the integration of land use and transport projects based on planning 

for flexibility, accessibility and collaboration. As such, both policymakers and developers in 

Malaysia need to consider addressing the current deficiencies in place-making and planning 

flaws in delivering effective TODs for urban sustainability. 

 The Kruskal-Wallis test again found no significant differences between the perceptions 

of the three different income groups of the desired features of TOD. 

[Please insert Table 5 here] 

Exploratory Factor Analysis of the TOD Features 

Factor analysis is primarily used for data reduction and summarisation to a manageable level 

of a large number of significantly correlated variables for appropriate interpretation (Field 

2013). In this study, the relationships between the many interrelated TOD features are explored 

and represented in terms of a few underlying factors of TOD according to the GKL perspective. 

The Kaiser-Meyer-Olkin (KMO) measure for the 18 variables is 0.864, which is greater than 

the 0.5 needed for acceptable sampling adequacy (Field 2013). Bartlett’s test of sphericity is 

886.79 (ƿ = 0.000), indicating that the variables are related and therefore suitable for structure 

detection (Field 2013). These parameters, therefore, justify the suitability of the data for factor 

analysis (Table 6). 

[Please insert Table 6 here] 



17 
 

 Principal component analysis (PCA) generates four groupings of factors with 

eigenvalues greater than 1.0, which is the most commonly used method to determine the 

number of components to retain – also known as the Kaiser rule (Kanyongo 2017). The four 

extracted factors account for 62.30% of the total variance − exceeding the 60% required for 

adequate construct validity (Hair et al. 2019). After applying varimax rotation, the factor 

loadings for 16 features (excepting ‘transit station as town centre’ and ‘affordable housing’) 

exceed 0.50.  

 Table 7 shows the final rotated component matrix. The four factors are named: 

1. Conducive and seamless pedestrian environment; 

2. Affordability and quality of the public transport system; 

3. Pedestrian amenities; and 

4. Compact and mixed-development concept. 

[Please insert Table 7 here] 

Discussion of the Underlying TOD Factors 

Factor 1: Conducive and Seamless Pedestrian Environment 

Factor 1 accounts for 23.13% of the total variance. This factor has the largest number of items, 

comprising ‘covered walkway’, ‘street connectivity’, ‘street lighting’, ‘walkability’, 

‘established walking distance’ and ‘extensive public transport network’. To some extent, these 

reflect Malaysia’s tropical climate, when the sun is often torrid during the daytime. Hence, 

walkways with shade and roofing are essential for pedestrians to move comfortably in all 

weather conditions (Langlois et al. 2016); pedestrian features connecting the community are 

crucial to generate a sense of passage and gathering in proximity to nearby amenities, avoiding 

cul-de-sacs, slopes and uneven street surfaces (Lund et al. 2004; Thomas et al. 2018) to allow 
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well-connected accessibility around the neighbourhood. Adequate lighting provides good 

visual performance for all roadway users, is vital for night-time security (Thomas et al. 2018), 

makes places seem cared for and supports surveillance (Jacobson and Forsyth 2008). Thus, the 

provision of purpose-built walkways enhances liveability in an urban TOD environment with 

comfortable, safe and seamless mobility for pedestrians and cyclists, and attract pedestrians to 

walkways that are safe, accessible and aesthetically pleasing. In terms of walkability, the 

comfortable walking distance in a tropical climate is usually limited at around 5 to 10 minutes 

walking time (Yap and Goh 2017), while a comprehensive and efficient transportation system 

networks with good inter- and intra-city linkages are important enabling factors to ensure 

increased public transport usage, with an extensive public transport network enabling 

pedestrians to connect and travel conveniently around cities − providing ease of mobility (Mu 

and de Jong 2012) in line with the purpose of TOD being to alleviate traffic congestion caused 

by a high reliance on private transport. 

Factor 2: Affordability and Quality of the Public Transport System 

‘Fares’, ‘transport system comfortability’ and ‘transport system reliability’ comprise this 

second factor, which accounts for 15.81% of the total variance. Fares and the quality of the 

public transport system are well-known to be significant factors influencing transit usage in a 

TOD (Transit Cooperative Research Program 2008) and destination accessibility is ultimately 

a function of cost (Sahu 2018). As Abdullah and Mazlan (2016) observe, residents in Bandar 

Sri Permaisuri, KL, are generally dissatisfied with expensive LRT fares and lack of a feeder 

bus service to their desired destinations, as lower transport fares can reduce household spending 

while shorter transit times reduce the likelihood of driving (Lund et al. 2004; Renne 2009). 

A comfortable vehicle with optimum air conditioning and services, such as music and 

Wi-Fi, is known to effectively foster a sustainable means of travel for the public (Mugion et al. 
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2018) and is particularly the case in Malaysia, as evidenced by Ismail et al.'s (2012) regression 

model of the preference for public transport in Malaysia being built upon convenience, comfort 

and service quality, and their conclusion that the four most influential attributes of overall 

satisfaction are frequency, travel experience, on-board safety and in-vehicle time. Similarly, 

Langlois et al.'s (2016) assertion of the need for a reliable and frequent transit system is 

highlighted in Chuen et al.'s (2014) Klang Valley study, which found the likelihood of 

travellers choosing rail transport to be determined by the transit time involved and time spent 

using the service, both of which relate to convenience and reliability. 

Taken together, therefore, there is a clear need for policymakers and operational 

managers in public transport to work together to raise traveller satisfaction with public transport 

fares and enhance such public transit quality attributes as frequency, punctuality and travel time 

to stimulate TOD.  

Factor 3: Pedestrian Amenities 

This factor comprises desired walking and cycling facilities, namely ‘bicycle facilities’, ‘green 

space’, ‘lively shops along the streets’, ‘safe and friendly neighbourhood’ and ‘reduced car 

park area’. Active travel includes non-motorised forms of transport associated with increased 

physical activity, such as walking and cycling (Rissel et al. 2012), and pedestrianisation is seen 

as a tool to promote business and social interaction within a TOD (Lund 2002; Stanley et al. 

2012). This is linked with Olaru et al.'s (2011) finding of quality biking and pedestrian facilities 

being important to ensure cyclists travel safely and conveniently, together with better public 

commuter services and nurture of sustainable mobility, with such bicycle facilities as cycle 

lanes and parking spots. Likewise, such street furniture as benches, bus shelters, trash bins and 

water fountains are attractive urban design elements for creating a sense of a ‘public living 

room’ by offering diverse options for people to sit and talk (Lund et al. 2004; Mu and de Jong 
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2012), while Jacobson and Forsyth’s (2008) U.S. investigation of seven TODs underscores the 

need to provide human-scale details for the architectural features of buildings, street furniture 

and plantings to increase the use (and create a better sense) of place − with a colourful softscape 

making the street more aesthetically appealing. 

Green spaces such as parks and lakes provide socio-psychological benefits by 

permitting travellers to relax and enjoy natural shading, and provide economic benefits to 

developments and for members of the public to acknowledge and try their best to reserve these 

areas (Mahalingam 2017). To improve the quality of resident life, Wey et al. (2016) suggest 

providing a neighbourhood park in the future TOD planning, with such facilities as street 

bicycle parking, green recreation parks, workplaces, schools and shops needed to attract foot 

traffic and make walking and cycling trips convenient, pleasant and safe. 

Retail activities are considered to be important functions of urban life (Jang and Kang 

2015) and windowed storefronts at the street level are needed for good visibility (Lund 2002). 

Lively commercial districts along walking areas allow a vibrant atmosphere, making the street 

look more inviting, and encouraging the flow of pedestrians as well as fostering community 

life through socialisation (Transit Cooperative Research Program 2004; Yap and Goh 2017),  

while pavement dining encourages pedestrian activity, where transit users can sit, drink coffee 

or dine before or after their journey (Jacobson and Forsyth 2008). Facilities and the 

environment significantly have been found to affect the levels of satisfaction of residents in 

housing estates in Malaysia (Salleh 2008) and, significantly, Xu et al.'s (2016) urban rail transit 

study in Wuhan, China, showed that commercial property value increases by approximately 

16.7% up to 100m from transit access and 8.0% within a 100m to 400m radius.  

An essential source of social support is community contacts in neighbourhoods 

(Mollenhorst 2015). In Australia, for instance, a good sense of neighbourhood along with 
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friendly and trustworthy neighbours are vital factors when purchasing a residential property 

(Ratchatakulpat et al. 2009), while Kamruzzaman, Wood et al.'s (2014) Australian study 

observed that TOD might foster the development of social sustainability, in which individuals 

living in TODs are less likely to experience social exclusion than otherwise.  

Factor 4: Compact and Mixed Development Concept 

‘High-density development’ and ‘mixed land use’ comprise the fourth factor. TOD is often 

associated with urban compactness, with an effective mix of land use near transport 

connections (Thomas et al. 2018; Ye et al. 2018), and dense and mixed-use neighbourhoods 

around public transport services are new urban environments to reduce the adverse effects of 

urban sprawl and are well-integrated to stimulate sustainable travel modes to discourage private 

vehicle use (Chatman 2013; van Lierop et al. 2017; De Vos et al. 2014). Compact development 

also accommodates higher population intensities that support retail shops and services, and 

density growth is vital to increase the use of public transport and enhance the efficiency of land 

use (Ma et al. 2018). According to Sung and Choi (2017), high-density development is crucial 

for increasing the effectiveness of public investment in both public transit facilities and 

residential development. Nevertheless, Chatman (2013) warns that ubiquitous dense housing 

and limited car parking bays can lead to greater localised traffic congestion if not carefully 

managed: thus, urban planners need to consider parking provision, height limits, floor to area 

ratios and general plans for any dense housing development. 

Intensified mixed commercial and residential developments offer a variety of convenient 

opportunities − linking residents to employment, recreational centres and amenities (such as a 

mix of retail and other services) − while diverse activities at the street level invite pedestrian 

traffic, stimulate commerce and the local economy (Jang and Kang 2015); making TOD a 

suitable scheme for economic development. An abundance of mixed land use also ensures a 
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balanced level of transit usage throughout the day (Searle et al. 2014; De Vos et al. 2014). In 

addition, as Ye et al. (2018) have shown in linking urban spatial structure and travel demand, 

a compact urban form, compelling mix of land use and appropriate scale of the block are the 

primary characteristics of a successful TOD. Similarly, De Vos et al. (2014) argue that diversity 

and the design of mixed-use features are essential considerations when planning a compact city 

that is conducive to low-carbon emission transport facilities. Also, worth noting is Kay et al.'s 

(2014) hedonic regression analysis showing that residential properties enjoy higher property 

valuations in a mixed-use development near rail stations with direct access to New York City. 

Conclusions and Recommendations 

Such sustainable modes of travel as walking, cycling and the use of public transport make a 

positive contribution to reducing social, environmental and climatical impacts. In contrast, 

traffic congestion affects people’s productivity while the large private vehicle population in 

GKL has resulted in high petrol usage, which has led to considerable air pollution that 

contributes significantly to greenhouse gas emissions. With this in mind, the Malaysian 

government spearheaded the GKL public transportation master plan in 2010, aiming to improve 

public transport as a core means of stimulating economic growth and relieving traffic 

congestion. This commitment can be reflected in upgrading the existing infrastruc- ture and 

construction of large-scale public transport projects. Residents in GKL areas can now take 

advantage of the integrated transit system which currently consists of 11 fully operating rail 

lines (see Figure 1). To maximise the benefits of the available public transport system for 

sustainable urban mobility, we examined the transit-oriented development (TOD) concept, 

which integrates land use with transportation. This has helped increase the understanding of 

the tropical ‘Malaysian-based’ TOD in GKL, one of the fastest- growing cities in Southeast 

Asia, with an ever-rising population and steady economic growth. 
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Following a detailed literature review, six potential benefits and eighteen features of 

TOD were identified, which were then used to develop the survey questionnaire as the data 

collection instrument to solicit feedback from people currently residing in the GKL area. The 

awareness of TOD by GKL residents is found to be low at 25%, although representing a 25-

fold increase from two years ago. Prioritising based on the overall mean scores, the most highly 

perceived benefits of TOD are reduced traffic congestion, greater mobility and increased transit 

usage, affirming the potential of TODs to solve a variety of urban problems by reducing driving 

and car usage, improved accessibility and increased transit usage. The most desired features of 

a TOD are transport system reliability, an extensive public transport network, street lighting, 

walkability and an acceptable walking distance. Thus, it is clear from the survey findings that 

residents are concerned with the quality of services provided by TOD public transport system 

and the built environment. In contrast, the least desirable TOD traits are reduced car parking 

and high-density development. Hence, some residents are averse to some urban lifestyle 

changes as they still need private vehicle travel in low-density suburban areas. Considering 

this, policymakers and urban planners planning future TODs need to address these 

predicaments by providing an appropriate level of housing density and car park spaces for a 

balanced quality of life. Of particular relevance is the similarity of responses between the 

various income groups for both TOD benefits and features, adding extra confidence to the 

general validity of the survey’s rankings. 

The exploratory factor analysis revealed four underlying factors of Conducive and 

seamless pedestrian environment, Affordability and quality of the public transport system, 

Pedestrian amenities and Compact and mixed-development concept. From these results, it is 

noted that the conventional ‘3D’ model of urban expansion – ‘distance, dispersed and 

disconnected’ – is unbefitting as it creates an urban sprawl that demands a high number of 

motorised trips, significantly contributing to congestion and harmful environmental impacts. 
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Conversely, TOD provides a more sustainable path that leverages the ‘3C’ model – ‘compact, 

connected and coordinated’ – to ensure sustainable mobility in pedestrian-friendly 

neighbourhoods served with a high quality, convenient urban transport network as well as the 

vibrant streets and safe public spaces for social interaction needed to generate a sense of 

belonging and collective identity. By considering such people-centred factors in future projects, 

policymakers and urban planners can build better TODs to live, work, play, learn, shop and 

mingle towards an enriched urban living experience for all, together with reducing travel time, 

congestion and emissions in major cities in Malaysia and beyond. Thus, transforming cities by 

the provision of more low cost and good quality public transit facilities is an effective way of 

shaping a sustainable urban future. 

 Finally, further research is needed to understand the challenges and opportunities of 

transit and land-use integration in rapidly growing cities, particularly in developing countries 

in Asia. This should be of great help in planning a set of policies and implementation measures 

to improve TODs further. Additionally, comparative in-depth case studies of some selected 

TODs can enrich the understanding of the critical success factors for effective adaptation, 

lessons learned and future benchmarking TOD experiences. 
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Figure 1. Greater Kuala Lumpur/Klang Valley integrated transit map 
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Figure 2. KL Sentral development in Brickfields, Kuala Lumpur based on TOD concept 
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Table 1. Perceived potential benefits of TOD 
Potential benefits 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Better quality of life √     √   √     √ 
Greater mobility      √  √       
Increased transit usage    √ √  √  √      
Reduced traffic congestion     √ √      √ √  
Reduced household spending     √      √  √  
Solution to urban sprawl  √ √       √  √   

Notes: 1: (Abdullah and Mazlan 2016); 2: (Abdullah et al. 2009); 3: (Papa and Bertolini 2015); 4: (Cervero 
2007); 5: (Transit Cooperative Research Program 2008); 6: (Cervero and Kockelman 1997); 7: (Mugion et al. 
2018); 8: (Li 2018); 9: (Lund 2002); 10: (Lund et al. 2004); 11: (Maryland Department of Transportation 2003); 
12: (Olaru et al. 2011); 13: (Papa and Bertolini 2015); 14: (Spinney et al. 2009) 
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Table 2. Desirable TOD features from the literature 
Characteristics Desired features 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Density Transit station as town centre  √        √      
Diversity Mixed land use       √       √ √ 
Density High-density development    √     √       
Destination accessibility Street connectivity         √       
Density Lively shops along the street          √      
Distance Walkability          √      
Design Covered walkway √          √    √ 
Design Street lighting   √       √      
Design Green space          √ √ √    
Design Bicycle facilities         √      √ 
Demand management Reduced car park area     √    √       
Demand management Extensive public transport network   √ √         √   
High-quality transport services Transport system reliability     √     √  √     
High-quality transport services Transport system comfortability      √     √     
Demand management Fares              √  
Density Affordable housing    √     √     √  
Distance Established walking distance               √ 
Design Safe and friendly neighbourhood   √     √        

Notes: 1: (Abdullah and Mazlan 2016); 2: (Bertolini 1999); 3: (The City of Calgary 2004); 4: (Cervero and Day 2008); 5: (Chatman 2013); 6: (Mugion et al. 2018); 7: (Searle 
et al. 2014); 8: (Li 2018); 9: (Lund et al. 2004); 10: (Maryland Department of Transportation 2003); 11: (Mu and de Jong 2012); 12: (Olaru et al. 2011); 13: (Papa and Bertolini 
2015); 14: (Renne 2009); 15: (Yap and Goh 2017) 



38 
 

Table 3. Respondents’ background 
Category Description Frequency (N=107) Percentage (%) 
Gender Male 36 33.6 
 Female 71 66.4 
Age Below 20 years old 3 2.8 
 20 – 29 years old 56 52.3 
 30 – 39 years old 20 18.7 
 40 – 49 years old 16 15.0 
 50 years old and above 12 11.2 
Occupation Employed 70 65.4 
 Self-employed 8 7.5 
 Students 23 21.5 
 Unemployed 6 5.6 
Educational background High school 4 3.7 
 Diploma 10 9.3 
 Degree 69 64.5 
 Master 13 12.1 
 Doctorate 11 10.3 
Household income Below MYR 3,000 per month (B40) 37 34.6  

MYR 3,000 – MYR 10,000 per month (M40) 53 49.5 
 Above MYR 10,000 per month (T20) 17 15.9 

Note:  
1 USD is approximately MYR 4.08. 
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Table 4. Mean scores and ranking of TOD benefits 

Benefits 
Overall Rank  

(N=107) 
Income B40 

(N=37) 
Income M40 

(N=53) 
Income T20 

(N=17) 
Mean S.D. Rank Mean S.D. Rank Mean S.D. Rank Mean S.D. Rank 

Reduced traffic congestion 4.54 0.603 1 4.57 0.647 1 4.49 0.608 1 4.65 0.493 1 
Greater mobility 4.46 0.663 2 4.43 0.728 2 4.43 0.665 3 4.59 0.507 2 
Increased transit usage 4.31 0.692 3 4.24 0.683 3 4.43 0.636 2 4.06 0.827 5 
Better quality of life 4.21 0.697 4 4.14 0.713 4 4.15 0.718 5 4.53 0.514 3 
Solution to urban sprawl 4.15 0.810 5 4.14 0.787 5 4.41 0.712 4 4.41 0.712 4 
Reduced household spending 3.78 0.914 6 3.59 0.927 6 3.81 0.878 6 4.06 0.966 6 

Note:  
Income B40 - Below MYR 3,000 per month 
Income M40 – MYR 3,000 to MYR 10,000 per month 
Income T20 – Above MYR 10,000 per month 
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Table 5. Mean scores and ranking of desired TOD features 
 
 
Characteristics 

 
Desired features 

Overall 
(N=107) 

Income B40 
(N=37) 

Income M40 
(N=53) 

Income T20 
(N=17) 

Mean S.D. Rank Mean S.D. Rank Mean S.D. Rank Mean S.D. Rank 
High-quality transport services Transport system reliability 4.64 0.633 1 4.51 0.768 2 4.68 0.547 1 4.82 0.529 2 
Demand management Extensive public transport network 4.56 0.647 2 4.51 0.768 2 4.55 0.574 2 4.71 0.686 5 
Design Street lighting 4.56 0.675 3 4.59 0.686 1 4.45 0.722 7 4.82 0.393 1 
Distance Walkability 4.51 0.635 4 4.46 0.691 6 4.49 0.639 5 4.71 0.470 3 
Distance Established walking distance 4.50 0.605 5 4.43 0.728 7 4.53 0.541 3 4.59 0.507 7 
High-quality transport services Transport system comfortability 4.48 0.664 6 4.49 0.692 4 4.47 0.608 6 4.47 0.800 9 
Destination accessibility Street connectivity 4.47 0.663 7 4.49 0.804 5 4.40 0.566 10 4.65 0.606 6 
Design Safe and friendly neighbourhood 4.46 0.730 8 4.30 0.939 10 4.49 0.576 4 4.71 0.588 4 
Design Covered walkway 4.45 0.704 9 4.41 0.725 8 4.43 0.694 9 4.59 0.712 8 
Demand management Fares 4.33 0.774 10 4.22 0.787 11 4.40 0.768 11 4.35 0.786 13 
Density Transit station as town centre 4.29 0.752 11 4.35 0.824 9 4.25 0.648 13 4.29 0.920 14 
Density Affordable housing 4.27 0.796 12 4.11 0.906 12 4.34 0.758 12 4.41 0.618 10 
Design Green space 4.27 0.796 12 3.97 0.957 14 4.43 0.605 8 4.41 0.795 11 
Design Bicycle facilities 4.08 0.826 14 3.97 0.866 13 4.15 0.818 14 4.12 0.781 15 
Design Lively shops along the street 4.03 0.806 15 3.89 0.875 16 4.02 0.772 16 4.35 0.702 12 
Diversity Mixed land use 4.01 0.807 16 3.92 0.894 15 4.06 0.770 15 4.06 0.748 16 
Demand management Reduced car park area 3.78 0.974 17 3.57 1.068 17 3.89 0.891 17 3.88 0.993 17 
Density High-density development 3.58 0.891 18 3.51 0.870 18 3.64 0.922 18 3.53 0.874 18 

Note:  
As Table 4. 
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Table 6. Results of KMO and Bartlett’s test 
Items Value 
Kaiser-Meyer-Olkin measure of sampling adequacy 0.864 
Bartlett’s test of sphericity  
Approximate χ2 value 886.79 
Degree of freedom 153 
Probability value 0.000 
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Table 7. Factor loading and variance explained 

TOD feature  Factor loading Variance 
explained % 

Factor 1: Conducive and seamless pedestrian environment - 23.13 
Covered walkway 0.781 - 
Street connectivity 0.774 - 
Street lighting 0.771 - 
Walkability 0.770 - 
Established walking distance 0.605 - 
Extensive public transport network 0.587 - 
Factor 2: Affordability and quality of the public transport system - 15.81 
Fares 0.769 - 
Transport system comfortability 0.677 - 
Transport system reliability 0.624 - 
Factor 3: Pedestrian amenities - 14.43 
Bicycle facilities 0.749 - 
Green space 0.689 - 
Lively shops along the streets 0.594 - 
Safe and friendly neighbourhood 0.586 - 
Reduced car park area 0.567 - 
Factor 4: Compact and mixed-development concept - 8.94 
High-density development 0.822 - 
Mixed land use 0.619 - 
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