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Recently, neighbourhood walkability has emerged as a critical concept for sustainable 

urban development and promoting active mobility. The creation and replication of 

walkability indices involve the use of geographic information systems (GIS) and require 

exploration of assumptions implicit in various research disciplines. While the current 

GIS-based approach to neighbourhood walkability assessment relies on the 5Ds of the 

built environment (density, design, diversity, destination accessibility, and distance to 

transit), these metrics have been shown to lack contextual validity and be scale-

dependent. Combining them with syntactic metrics of street networks based on space 

syntax, has been proposed as a solution, holding greater potential to explain walking 

behaviour. However, despite this theoretical promise, the compatibility of these two 

measures is constrained at neighbourhood level due to the absence of an operational 

framework for combining the parameters of both methods, and the lack of geographical 

standards for data aggregation. Therefore, this study aims to develop a model for 

neighbourhood walkability assessment, based on 5Ds and street network metrics across 

different neighbourhood scales. Putrajaya city was chosen for this study due to its 

dendriform network structure conducive to space syntax analysis. Using GIS, multiple 

buffer-service areas (240, 400, 600, and 1,000 meters) were generated around each 

housing unit within Precincts 9 and 11 (N = 2,392). Data on the built environment and 

street network were sourced, respectively, from the Integrated Land Use Planning 

Information System (I-Plan) and OpenStreetMap (OSM). The study begins by examining 

the association and impact of syntactic metrics in shaping the 5Ds. Subsequently, it tests 

each method against the observed walking volume collected through systematic manual 

counting at 123 observation gates, followed by investigating the impact of scale selection 

on each method, and finally, it examines the predictability of the combined model across 

multiple scales. Utilizing correlation, linear, and negative binomial regression, this study 

revealed several key findings. Firstly, syntactic metrics emerged not just as street-related 

but also as functional measures, representing various aspects of the built environment 

influencing walking behaviour. Specifically, the distribution of distances and land use 
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patterns within the neighbourhood. Secondly, the assumption of syntactic metrics 

demonstrated a superior explanatory power for pedestrian volume when compared to the 

5Ds across diverse geographical scales. Thirdly, the findings underscore the substantial 

impact of scale selection on the association between GIS-based attributes and pedestrian 

counting. Nevertheless, syntactic metrics consistently outperform 5Ds, irrespective of 

the analysis scale chosen. Moreover, the results suggested that a 600-meter network scale 

appears most suitable for identifying the association between the combination of the 5Ds 

and pedestrian counts in residential neighbourhoods. Finally, syntactic metrics, when 

integrated with 5Ds measures, significantly enhance the overall predictability of the 

model at both micro and macro levels. Building on these outcomes, a novel syntactic-

based index, SLM (Syntactic Local Measure) was introduced. SLM demonstrated high 

predictability of walking volume at the neighbourhood level, requiring less data and 

mitigating scaling impacts. This dissertation holds the potential to advance objective 

analytical methods, particularly relevant to Malaysia or similar context where shorter 

walking distances due to the tropical climate pose unique challenges for promoting active 

transportation.
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Baru-baru ini, kebolehjalanan kawasan perumahan telah muncul sebagai konsep penting 

untuk pembangunan bandar lestari dan pemudahan mobiliti aktif. Pembentukan dan 

replikasi indeks kebolehjalanan melibatkan penggunaan sistem maklumat geografi (GIS) 

dan memerlukan penerokaan tanggapan tersirat dalam pelbagai disiplin penyelidikan. 

Walaupun pendekatan semasa berdasarkan GIS untuk penilaian kebolehjalanan kawasan 

perumahan bergantung pada 5Ds persekitaran binaan (ketumpatan, reka bentuk, 

kepelbagaian, kemudahan capaian destinasi, dan jarak ke pengangkutan awam), metrik 

ini telah terbukti kurang pengesahan kontekstual dan bergantung kepada skala. 

Gabungannya dengan metrik sintaksis rangkaian jalan berdasarkan sintaks ruang, telah 

dicadangkan sebagai penyelesaian, membawa potensi lebih besar untuk menerangkan 

tingkah laku berjalan. Namun, meskipun janji teoretikal ini, keserasian kedua-dua ukuran 

terhad pada peringkat kawasan perumahan kerana kekurangan rangka operasi untuk 

menggabungkan parameter kedua-dua kaedah itu, dan ketiadaan piawai geografi untuk 

pengagregatan data. Oleh itu, kajian ini bertujuan untuk membangunkan model penilaian 

kebolehjalanan kawasan perumahan, berdasarkan 5Ds dan metrik rangkaian jalan di 

pelbagai skala kawasan perumahan yang berbeza. Bandar Putrajaya dipilih bagi kajian 

ini disebabkan struktur rangkaian dendriformnya yang sesuai untuk analisis sintaks 

ruang. Menggunakan GIS, kawasan perkhidmatan pelbagai buffer (240, 400, 600, dan 

1,000 meter) dihasilkan di sekitar setiap unit perumahan dalam Presint 9 dan 11 (N = 

2,392). Data mengenai persekitaran binaan dan rangkaian jalan diperoleh masing-masing 

dari Sistem Maklumat Guna Tanah Perancangan Bersepadu (i-Plan) dan pengkalan data 

OpenStreetMap (OSM). Kajian ini bermula dengan mengkaji hubungan dan impak 

metrik sintaksis dalam membentuk 5Ds. Seterusnya, ia menguji setiap kaedah 

berbanding jumlah berjalan yang diperhatikan melalui pengiraan manual sistematik di 

123 pintu pengamatan, diikuti dengan menyiasat impak pemilihan skala pada setiap 

kaedah, dan akhirnya, mengkaji kebolehjangkaan model yang digabungkan di pelbagai 

skala. Menggunakan hubungkait, regresi lelurus, dan regresi binomial negatif, kajian ini 

menunjukkan beberapa penemuan utama. Pertama, metrik sintaktik muncul bukan sahaja 



© C
OPYRIG

HT U
PM

  

iv 

sebagai perkaitan dengan jalan tetapi juga sebagai ukuran berfungsi, mewakili pelbagai 

aspek persekitaran binaan yang mempengaruhi tingkah laku berjalan. Khususnya, 

pengagihan jarak dan corak penggunaan tanah dalam kawasan perumahan. Kedua, 

andaian metrik sintaktik menunjukkan keupayaan penjelasan yang lebih baik untuk 

jumlah pejalan kaki berbanding 5Ds di pelbagai skala geografi. Ketiga, penemuan 

menunjukkan kesan besar pemilihan skala terhadap hubungan di antara sifat berdasarkan 

GIS dan pengiraan pejalan kaki. Walau bagaimanapun, metrik sintaktik secara konsisten 

melebihi 5Ds, tidak bergantung pada skala analisis yang dipilih. Selain itu, hasil kajian 

menyarankan bahawa skala rangkaian 600 meter kelihatan paling sesuai untuk 

mengenalpasti hubungan antara gabungan 5Ds dan pengiraan pejalan kaki di kawasan 

perumahan. Akhirnya, metrik sintaktik, apabila digabungkan dengan ukuran 5Ds, secara 

signifikan meningkatkan kebolehjangkaan keseluruhan model di kedua-dua peringkat 

mikro dan makro. Membangunkan atas hasil ini, satu indeks berasaskan sintaktik baru 

diperkenalkan, SLM (Syntactic Local Measure). SLM telah menunjukkan 

kebolehjangkaan yang tinggi terhadap jumlah aktiviti berjalan di peringkat kawasan 

perumahan, memerlukan kurang data dan mengurangkan impak penskalaan. Disertasi ini 

mempunyai potensi untuk memajukan kaedah analitik objektif, terutamanya yang 

berkaitan dengan Malaysia atau konteks serupa di mana jarak berjalan yang lebih pendek 

disebabkan iklim tropika mencipta cabaran unik untuk mempromosikan pengangkutan 

aktif. 
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CHAPTER 1 

 

1 INTRODUCTION 

 

1.1 Background of the study 

 

The Asian developing countries are currently facing high levels of obesity, declining 

physical activity, and increasing rates of chronic disease (Mathis et al., 2023). Malaysia, 

like many Asian countries, is grappling with rising rates of overweight and obesity, 

associated with lack of physical activity (Kyaw et al., 2022). According to the National 

Health and Morbidity Survey (NHMS, 2019), a staggering 50.1 % of Malaysian adults 

were either overweight or obese, marking the highest rate among adults in South-East 

Asia (Asia World Population Review, 2022). The causes of this health issue are 

multifaceted, involving various interconnected determinants, including both behavioural 

and environmental factors. It is essential to recognize that individual-level stressors alone 

cannot fully explain the surge in overweight and obesity (Townshend & Lake, 2017). 

Consequently, in recent decade, the focus has shifted from the personal level to 

community empowerment through the built environment of cities (Kwan et al., 2021). 

 

To combat obesity and promote physical activity, research on "Walkability" focuses on 

how to design or redesign the built environment to support walking as a mode of active 

transportation integrated into daily activities. Walkability refers to the measure of how 

conducive the built environment is to walking, whether for physical activity, active 

mobility, recreation, or access to services (Battista & Manaugh, 2019). Guidelines from 

the World Health Organization have shown that moderate physical activity, such as 30 

minutes of walking per day, can significantly reduce mortality risk by at least 10% and 

decrease overweight and obesity levels, along with other associated health benefits, such 

as reduced diabetes (Booth et al., 2019; Sundquist et al., 2015), cholesterol, and heart 

diseases (Lee & Buchner, 2008; Okura et al., 2016). Furthermore, high walkability leads 

to various environmental and social implications, from reducing automobile dependency 

and energy expenditure (Lewis & Grande del Valle, 2019) to providing a solution for 

environmental injustice and social isolation (Forsyth, 2015; Karjalainen & Juhola, 2019). 

Moreover, a walkable environment contributes to a liveable city (Shamsuddin et al., 

2012), providing people with better places to live and improving levels of place 

satisfaction (S. M. Lee et al., 2016; Dyck et al., 2011). 

 

However, Malaysia's cities and urban areas are generally car-oriented, with moderate to 

high population densities accommodating approximately 77.16 % of the total population 

(O’Neill, 2021). According to the National Health and Morbidity Survey (NHMS, 2019), 

24.6% of urban residents are not physically active, a figure higher compared to other 

Asian countries such as China, India, and Hong Kong (Nik-Nasir et al., 2022). 

Encouraging walking in city planning has become a timely issue in Malaysia due to rapid 

urbanization associated with changes in the mobility behaviour of city inhabitants 

(Hidayati et al., 2021). In metropolitan areas like Kuala Lumpur, private motorized 

vehicles account for 80% of the mode share (Chiu Chuen et al., 2014), while non-

motorized transport modes like walking and cycling are nearly non-existent, except in 
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tourist areas. This issue can be attributed to inadequate infrastructure, including 

discontinuous sidewalks and cycling paths, as well as the humid climate, misperceptions 

about pedestrian safety, and deteriorating street liveability (Mahmoudi et al., 2015; 

Rahman et al., 2015; Zakaria & Ujang, 2015; Hidayati et al., 2021; Harumain et al., 

2022). 

 

While the Malaysian government has long emphasized urban development concepts and 

planning mechanisms that promote the proximity of residential, commercial, and social 

amenities to encourage walking behaviour at the local level (e.g., Eleventh Malaysia Plan 

2016, KL Structure Plan 2020), however, several reports indicate that neighbourhoods 

within Kuala Lumpur, Putrajaya, or Shah Alam cities still lack pedestrian-friendliness. 

Zaly Shah (2010) argues that the impediment in pedestrian planning in Malaysia does 

not result from a shortage of policies or standards. Instead, it is rooted in a deficiency of 

political resolve, indirectly connected to the lack of an objective methodology for 

assessing the establishment of pedestrian walkways. Zaly Shah (2010) contends that the 

absence of objective tools gives rise to subjective assessments, making them vulnerable 

to scrutiny and critique. Tackling these issues demands a holistic approach to walkability 

assessment, a pivotal stride in fostering physical activity and sustainable urban 

development (Liao et al., 2022). 

 

Conceptualizing and assessing the physical aspects of urban environments and 

neighbourhoods can be approached through two distinct methods: perceived-based 

assessment and objective assessments. The difference lies in the techniques used to 

measure the walkability of a neighbourhood. Objective assessment of walkability 

involves quantifiable measures such as street connectivity, land use mix, and residential 

density. These measures are often assessed using geographical information systems 

(GIS) and environmental audits (Hajna et al., 2015; Rodrigue et al., 2022; Mayne et al., 

2013). On the other hand, perceived-based assessment relies on individuals' subjective 

perceptions of their neighbourhood’s walkability, which may not always align with 

objective measures (Sylvers et al., 2022; Koohsari et al., 2014; Baxter et al., 2022). 

 

The integration of perceived-based assessments of the built environment into 

policymaking encounters a bottleneck wherein the translation of research outcomes into 

practical applications may be hindered by the arbitrary nature of research results (Sarkar 

et al., 2015). Conversely, using big data approaches, including GIS, consensus, and 

national travel surveys, in an urban study assess the association among built 

environments ensures the validity and robustness of findings. This approach facilitates 

evidence-based interventions that can enhance residents' quality of life by creating 

pedestrian-friendly neighbourhoods (Sarkar et al., 2015; Sarkar et al., 2017).  

 

However, this approach is still lagging behind in the Malaysian walkability research. 

According to Qureshi (2018), there is a lack of studies conducting objective assessments 

using GIS, with descriptions limited to general environmental characteristics and work 

on a broad scale. As it is argued to be contextual (Arellana et al., 2020), the relationship 

between the objective-built environment and walking behaviour holds significance in the 

Malaysian context due to particularities in the built environment and weather conditions. 

A better understanding of this relationship will assist in comprehending the mechanisms 
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underlying the built environment-walking behaviour relationship and provide support for 

the global body of literature. 

 

1.1.1 Objective assessment based on 5Ds-GIS and space syntax methods 

 

Several studies have examined the association between built environment and walking 

behaviour using objective methods. In particular, the use of Geographic Information 

Systems (GIS) applications has enhanced computational power and increased the 

availability of spatial data (Koohsari, Badland, et al., 2014). These advancements allow 

researchers to develop and apply composite spatial measures of neighbourhood 

walkability which quantify the built environment based on 5 indices called the “5Ds”: 

(street network) design, (land-use) diversity, density (residential), distance to transit, and 

destination accessibility (Lu et al., 2018; Deng et al., 2020).  

 

Previous studies have suggested that each of the 5Ds can have a unique relationship with 

different types of walking at the neighbourhood level (Cervero & Kockelman, 1997, 

Saelens & Handy, 2008, Frank et al., 2010; Im & Choi, 2019; Fonseca et al., 2022). 

Street design, including factors such as street connectivity and intersection density, has 

been identified as a key determinant of neighbourhood walkability (Carlson et al., 2015; 

Tewahade et al., 2019). Additionally, land-use diversity, which encompasses the mix of 

different types of land uses within a neighbourhood, has been found to significantly 

impact walkability (De Siqueira et al., 2023; Yazid et al., 2023). Moreover, higher 

residential density and improved access to public transit and local destinations have been 

linked to increased walking activity, as they provide more opportunities and incentives 

for individuals to engage in walking for transportation and leisure purposes (Deng et al., 

2020; Huang et al., 2019). 

 

Despite the prevalence of the 5Ds as a solid approach for objectively assessing 

neighbourhood walkability, several studies have argued that it is context dependent 

(Lotfi & Javad, 2009; Hino et al., 2013; Salvo et al., 2014; Day, 2016). This is because 

the measurements and weights of the 5Ds indices were tested and validated in American, 

Canadian, and Australian contexts (Ramakreshnan & Aghamohammadi, 2020). 

Therefore, it is not necessarily generalizable to other contexts where the built form and 

cultural context may differ (Sallis, 2011; Day, 2016). For example, studies from Asian 

cities such as China (Qin et al., 2020; Cerin et al., 2020) and Japan (Inoue et al., 2010) 

suggested that residential density has a reversed impact on walking volume in 

overpopulated areas since it causes a lack of opportunities for walking and introduces 

barriers such as pedestrian congestions. In another example, Salvo et al. (2014) found a 

negative impact of land use mix entropy (LUM) on overall walking in Cuernavaca, 

Mexico. Consistently, recent studies from China (Lu et al., 2018) and Korea (Im & Choi, 

2019) have indicated that the measure of land use mix was insignificantly related to any 

domains of walking. 

 

This inconsistency becomes more evident when considering street-related 

measurements, specifically connectivity metrics such as intersection density—a 

fundamental index for assessing neighbourhood walkability. This measure was argued 



© C
OPYRIG

HT U
PM

  

4 

to be inconsistent with connectivity for walking when different urban layouts were 

applied. Intersection density effectively assesses connectivity in areas with grid-pattern 

street layouts, as found in American and Canadian cities; however, its effectiveness as 

an indicator is questioned due to the influence of street patterns on its value (Stangl & 

Guinn, 2011; Boeing, 2021; Lima et al., 2022). Given the diverse patterns of street 

layouts in cities due to sequential expansions, reflecting the spatial design paradigms of 

each era, intersection density as a connectivity measure may not effectively capture 

connectivity for walking (Yagi, 2022). Therefore, several studies from the Netherlands 

(Liao et al., 2020), Iran (Habibian & Hosseinzadeh, 2018), China (Lu et al., 2017; Zang 

et al., 2020), and Italy (Gori et al., 2014), reported non-significant or negative 

relationships between intersection density and overall walking. 

 

Additionally, the variation in street layout was suggested to impact proximity to different 

destinations (Boeing, 2019; Ozbil et al., 2012; Sheng et al., 2021). Recent research has 

shown that neighbourhoods with grid-like street designs and finer grid patterns offer 

more direct travel options between origins and walkable destinations (Zhou et al., 2021; 

Hajna et al., 2015) due to their high street density and fewer cul-de-sacs. On the other 

hand, the complexity of organic or tree-like street networks may hinder efficient walking 

by introducing longer distances to destinations (Ozbil et al., 2011; Mohamad & Said, 

2018). However, it is important to note that the proximity measure of 5Ds relies on the 

concept of physical distance metrics, such as meters, yards, miles, or time measures. 

These metrics are argued to be limited in their ability to capture the spatial complexity 

of built environments related to pedestrian movement in different street grids (Koohsari 

et al., 2013). This limitation is evidenced by several studies that found no relationship 

with the metric distance to particular land uses, such as parks in Hong Kong (Lu et al., 

2018, 2019), or marketplaces in the Netherlands (Liao et al., 2020). 

 

Another issue that continues to impede the 5Ds in current practice is the definition of the 

geographical unit of data aggregation (in this study is defined as neighbourhood). GIS-

based measures of built environment walkability commonly operationalize the 

neighbourhood using three main types of definitions. Firstly, the administrative unit, 

such as census tracts or postal codes. This definition is largely affected by the modifiable 

areal unit problem (MAUP), where the results can vary depending on the division of the 

study area, zonation, or aggregation efficiency (Openshaw, 1984). Second, the circular 

buffer, also referred to as the Euclidean buffer, is a circle cantered on the housing unit. 

Finally, the street network buffer, which is formed by tracing an area around the unit 

address that can be reached by walking a predetermined distance along streets.  

 

Conceptually, road network buffers are more appealing for walkability studies because 

they better represent where people might travel, particularly in areas with features like 

rivers, lakes, or a poorly connected road network (Oliver et al., 2007). Despite the fact 

that the last two definitions have the advantage of eliminating MAUP, they are still 

subject to scaling effects. Choosing the geographic scale used to measure the built 

environment related to walking is a difficult task because different buffer sizes produce 

different results (Mavoa et al., 2019; Gehrke & Wang, 2020; Li et al., 2022). 

Furthermore, the lack of standardization may pose a serious problem when comparing 

and combining evidence from different studies (Learnihan et al., 2011; Mayne et al., 

2019). 
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To overcome prior limitations related to 5Ds walkability assessment, recent research has 

focused on the relational properties between built environment spaces, which are 

overlooked by the 5Ds when examining walkability. The fundamental perspective is that 

the street network layout is not equivalent to other built environment traits, as it serves 

as a salient factor for walking that harmonizes and links the 5Ds measures (C. D. Kang, 

2018), impacting the way individuals interact with their built environment (Baran et al., 

2008). This approach relies on space syntax, which is a set of theories and techniques for 

analysing the relational properties of built environment spaces. It was originally 

introduced in the architecture field by (Hillier & Hanson, 1984) as a tool to help 

architects and urban designers simulate the social effects of the built environment. 

However, due to its high predictive value in terms of pedestrian movement (Hillier, 

1999), space syntax is being considered by urban design researchers as a valid alternative 

for quantifying the built environment in relation to walking (Baran, Rodríed;guez, and 

Khattak, 2008; Cutumisu, 2011; Koohsari et al., 2019). 

 

Space syntax, along with its natural movement theory, posits that the morphological 

characteristics of the urban grid are the primary generators of pedestrian movement. 

People navigate through space by decoding configurations of its layout; the straighter 

and more accessible the space within the system is, the more pedestrian movement it will 

attract (Penn et al., 1998). This suggests that people tend to perceive and move through 

urban spaces in terms of geometry and topology, rather than metrics (Hillier & Hanson, 

1984), which means that individuals may prefer a route with fewer turns, even if it is the 

same length as an alternative route with more turns (Chiang & Li, 2019; Koohsari et al., 

2013; Soltani et al., 2022; Liu et al., 2016; Wang et al., 2014). Therefore, relying solely 

on the metric assumption of the 5Ds is not sufficient to fully capture the spatial 

configuration of an urban space or how people experience and navigate through it 

(Koohsari et al., 2019). 

 

Additionally, natural movement theory suggests that “attractors,” especially the location 

of commercial land uses, are driven by the configurational aspects of the space layout. It 

relies on the assumption that land uses are a “by-product” of movement (Hillier et al., 

1993), as attractors tend to position themselves in configurational hotspots to take 

advantage of economic flows created by movement (Hillier, 1996). This, in turn, 

reinforces movement. Reciprocally, attractors have a “multiplying” effect on the pre-

existing impact of syntactic properties of system spaces (Hillier, 1999; Hillier et al., 

1993). As highlighted by previous studies, the impact of syntactic properties of a network 

on the distribution of commercial land use. For instance, Scoppa & Peponis (2015) found 

that areas with a more integrated and hierarchical street network in Buenos Aires had 

shorter distances to retail frontages. Similarly, Porta et al. (2009) demonstrated a strong 

correlation between the integration of the street network and the location and distance 

distribution of retails and service activities in Bologna, Italy. Similar findings were 

reported in Barcelona, Spain (Porta et al., 2012), and Wuhan, China (Liu et al., 2016). 

 

As the theory of natural movement serves as a connection between street layout and 

destinations (land use), both crucial environmental elements that support walking (Neatt 

et al., 2017; Paydar & Kamani Fard, 2022; Fareh & Alkama, 2022), recent studies have 

suggested that combining syntactic properties of street networks with 5Ds differently 

affects walking choice and behaviour (Kang, 2018; Koohsari et al., 2019; S. Lee et al., 
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2020) and has a greater potential to explain walking volume (Cutumisu, 2011). 

Moreover, this combination can transform the way in which relationships between 

environmental factors and walking are examined by omitting the MAUP, as it allows 

consideration of the relationships at the scale of streets.  

 

However, walkability assessments based on this combination are still limited to 

providing evidence related to built environment that influence walking behaviour in 

different contexts, particularly the residential environment (Koohsari, Owen, et al., 2016; 

Koohsari et al., 2019). Therefore, this study aims to provide insights into the impact of 

the 5Ds of the built environment and syntactic properties on walking at multiple scales, 

which holds particular significance in the Malaysian context, where shorter walking 

distances influenced by the tropical climate present unique challenges for promoting 

active transportation. Understanding these associations in such contexts is vital for 

informing studies regarding neighbourhood walkability. 

 

1.2 Statement of the problem 

 

As discussed earlier, 5Ds GIS-based walkability indices, such as net residential density, 

mixed land use, or distances to destinations, have proven to be less accurate in assessing 

neighbourhood walkability when different built environment settings were applied, 

including different street layouts (Liao et al., 2020). This is mainly because they depend 

on metric assumption that do not capture the relational properties of the built 

environment concerning walking (Cutumisu, 2011). For example, intersection density 

measure within 5Ds is a useful for assessing connectivity in areas with grid-like street 

layouts. However, its reliability as a connectivity indicator has been questioned due to 

its sensitivity to different street patterns, such as tree-like or organic structure (Stangl & 

Guinn, 2011). Additionally, factors such as the size of the network and the presence of 

barriers (Hillier et al., 2007), which cannot be detected by conventional 5Ds measures, 

can significantly impact the walked distance to different destinations (Batty, 2022; Lima 

et al., 2022). 

 

Moreover, land-use measures within 5Ds, such as the entropy index of mixed use, have 

shown inconsistent findings regarding the association with walking. This is attributed 

firstly to the types of land uses incorporated into the index, which include any land use 

rather than specific land uses that may provide attraction for walking (Koohsari et al., 

2019). Secondly, its sensitivity to the impact of MAUP, which is a significant 

methodological challenge in the application of 5Ds-GIS indices (Mavoa et al., 2019), 

where any change of boundary in which data are aggregated may produce different 

results. The current practice defines the unit of analysis (defined as a neighbourhood in 

this research) by drawing a buffer within a certain walkable distance from participants' 

residential units. However, this distance can vary based on demographic or weather 

factors, impacting the level of associations between walkability measures and walking. 

Thus, it introduces a serious challenge when it comes to comparing and combining 

evidence across studies (Mayne et al., 2019). 
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On the other hand, the theory of space syntax and its supporting empirical findings 

suggest that street configurations can link form (street connectivity) and function (land 

use distribution) with pedestrian movement (Hillier & Hanson, 1984; Hillier et al., 1993), 

which points to the possibility of combining them within the 5Ds framework to better 

measure neighbourhood walkability (Cutumisu & Spence, 2009; Koohsari et al., 2016). 

Recent studies have suggested that the 5Ds combined with syntactic metrics of the street 

network may have greater potential to explain walking behaviour and choice in urban 

areas (Kang, 2018; Jabbari et al., 2018; Koohsari et al., 2019; Lee et al., 2020) due to the 

ability of syntactic measures to capture the relational properties of the built environment 

that are overlooked by 5Ds (Cutumisu, 2011), and overcome the Modifiable Areal Unit 

Problem (MAUP), providing a more nuanced and contextually relevant analysis.  

 

Despite this theoretical promise, the application of 5Ds in conjunction with space syntax 

measures to assess neighbourhood walkability is a critical gap remains in the literature 

partly from the absence of an operational framework substantiated by empirical evidence 

for combining the parameters of both methods and the lack of geographical standards for 

data aggregation. Moreover, the compatibility of these two measures is constrained, 

emphasizing the ongoing necessity for studies that examine both methods against 

observed walking. Therefore, the purpose of this study is to empirically investigate the 

relationship between neighbourhood objective-built environment and walking volume 

by comparing and combining two distinct sets of measures, 5Ds and syntactic metrics of 

street network, and their relative effects on pedestrian movement. Moreover, this study 

investigated the role of neighbourhood definition in terms of geographical scale on this 

association. Employing both methodologies to assess walkability across different street 

network structures enhances analysis depth, offering insights into context-specific 

challenges. The dendritic layout, exemplified by Putrajaya, provides a novel perspective 

on the relationship between the built environment and walking behaviour. Thus, this 

study can provide valuable insights for researchers seeking to understand the 

effectiveness of the dendritic urban grid, as in the case of Putrajaya city, in promoting 

neighbourhood walkability. 

 

1.3 Research questions, objectives, and hypotheses 

 

To achieve this aim, this study aims to address the following four questions:  

 

1. What is the association between objectively measured built environment 

attributes based on the 5Ds and syntactic metrics of the street network? 

2. How do these objective-built environment, as measured by both 5Ds and 

syntactic metrics, correspond to observed pedestrian movement? 

3. How do neighbourhood definitions, in terms of geographical scale, influence 

the associations between the built environment and walking volume? 

4. How can the framework for objective assessment be optimized to better capture 

the impact of the built environment on walking behaviour in a neighbourhood 

setting? 
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To answer these questions and ultimately achieve the aim of the study, the objectives of 

this research were outlined as follows:  

 

1. To investigate the associations between two distinct objective measures of 

walkability: (a) the 5Ds framework and (b) syntactic metrics of the street 

network, both applied in a neighbourhood context. 

2. To compare the predictive power of each approach in explaining observed 

pedestrian movement across diverse walkable environments. 

3. To analyse the influence of geographical scale on the relationship between the 

built environment and walking volume. 

4. To propose a framework for objective neighbourhood walkability assessment, 

informed by insights from the 5Ds and syntactic analysis. 

 

The four hypotheses of the study were developed as follows:  

 

H1: There is a strong association between syntactic and -based measures Syntactic 

measures of the street network can effectively depict land use patterns, design, and 

destination accessibility for human activity, resulting in stronger association with 

5Ds. 

H2: There is a strong association between syntactic and 5Ds-based measures and 

observed pedestrian movement across different scales. 

H3: The magnitude of the association between the built environment and walking 

volume depends on the geographical scale of the neighbourhood definition. 

H4: The combined predictive power of syntactic and 5Ds-based measures for observed 

pedestrian movement surpasses that of each individual method across diverse 

walkable environments. 

 

1.4 Operational definitions  

 

1. Objective built environment: Refers to built environment attributes 

measurable through quantifiable indicators like intersection density, land-use 

mix entropy, or residential density. 

2. Objective assessment of walkability: Quantifies the physical built 

environment aspects that may impact walking behaviour using various GIS 

indices. 

3. Neighbourhood definition: Refers to the defined boundaries or parameters 

used to delineate the geographical extent of a residential or urban area. 
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4. Modifiable Areal Unit Problem (MAUP): Refers to the sensitivity of 

statistical results to the chosen spatial units or zones in the analysis. It's a 

common issue in spatial analysis where results can vary based on boundary 

definitions. 

5. Space syntax: is a set of theories and method for analysing the configuration 

of spaces and their relationships to understand how they influence human 

behaviour and movement. 

6. Syntactic metrics: Quantitative measures derived from space syntax theory, 

analysing spatial configurations to understand relationships between urban 

form and function, like integration and choice. 

7. Metric assumption: suggests that physical distance metrics (meters, yards, 

miles, etc.) adequately capture how people perceive, navigate, and make 

distance decisions in real-world settings. 

8. Topological assumptions: suggest that people tend to perceive and move 

through urban spaces in terms of geometry and topology, which means that 

individuals may prefer a route with fewer turns, even if it is the same length as 

an alternative route with more turns 

9. Street layout: Refers to the overall pattern and configuration of streets and 

roads within an area. 

10. Walking volume: refers to the quantitative measure of pedestrian activity or 

the number of individuals walking within a particular area over a specified 

period. 

 

1.5 Research scope and limitations 

 

This study defines its scope and limitations to align with the inquiry's objectives. It 

exclusively focuses on objective-built environment data, emphasizing the 5Ds and 

syntactic metrics within Putrajaya neighbourhoods. Perceived assessments are 

deliberately excluded to maintain the focus on quantifiable and measurable factors. In 

addition, cultural, social, psychosocial aspects are not included in this study, This 

intentional omission aims to provide a more objective and data-driven analysis of the 

residential neighbourhood environment. Moreover, the geographical scope primarily 

centres on Precincts 9 and 11 within Putrajaya due to their high residential density and 

equitable distribution of facilities within a five to ten-minute walk (Azmi et al., 2012). 

This makes the findings potentially more relevant to this specific area. Furthermore, the 

study does not distinguish between residents and visitors, and it does not differentiate 

between various types of walking activities during the counting data process. 

Consequently, the findings necessitate careful consideration, particularly for researchers 

focusing on walkability and specific walking activities such as leisure, transport, and 

commuting. 
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Methodologically, this study operationalizes syntactic metrics only through angular 

analysis, providing a more comprehensive understanding of pedestrian movement. This 

approach ensures that the results accurately reflect how the built environment influences 

walking behaviour. Moreover, an important aspect of the study is the investigation of 

how different definitions of a neighbourhood in terms of geographical scale influence; 

however, despite the attempt to cover a wide range of walkable buffers within residential 

neighbourhoods, the maximum scale did not exceed 1000m. Researchers interested in 

macro-scale walkability based on administrative boundaries or entire city should 

carefully interpret the findings, acknowledging the limitations of the chosen scale. Their 

investigations might benefit from complementary data sources or future research 

exploring walkability at various scales to build a comprehensive understanding of how 

the built environment affects walking across different contexts. 

 

1.6 Research significant 

 

Despite the established link between 5ds and walking across varied city layouts, merging 

it with syntactic metrics holds significant potential for researchers seeking to decipher 

the effectiveness of dendritic layout, exemplified by Putrajaya, in fostering walkability 

within neighbourhood level. Furthermore, this study empowers Malaysian researchers 

with operational guidance for measuring key walkability factors, enabling more robust 

and standardized assessments. This research is also theoretically relevant because its 

findings provide new information on the use of syntactic properties in neighbourhood 

walkability studies. While current frameworks frequently necessitate complex database 

creation, rely on inaccurate data, and involve costly fieldwork, our resulting framework 

provide a good avenue for developing new measures for neighbourhood walkability 

based on syntactic properties of its street network; these measures may be useful in 

situations where data are not readily available. Such tool would be useful for urban 

planning as well as improving and targeting interventions to promote walking. Finally, 

the geographical definition of a neighbourhood remains an enigmatic problem within the 

objective assessment framework of walkability. However, the findings of this study, 

using syntactic metrics, offer a breakthrough for both researchers and practitioners by 

providing guidance on determining appropriate neighbourhood size for neighbourhood 

walkability research and interventions. Notably, this perspective presents an intriguing 

inquiry in the context of Malaysia, where unfavourable weather conditions often lead to 

shorter walking distances and, consequently, smaller investigation buffers. Studying the 

relationship between the built environment and walking within these smaller buffers 

would be a significant contribution to the field, aiding researchers, and practitioners in 

promoting walkability in similar weather conditions. 

 

1.7 Research Structure 

 

To address the previously mentioned research issue of objective walkability, this study 

used a quantitative research method to compare and combine measurements of both 5Ds 

assessment methods and syntactic metrics of urban form in relation to walking volume 

through an observational study at multi-level neighbourhood definitions. Therefore, the 

research was structured into four stages. Accordingly, stage 1 is designed as a phase of 

literature study, investigating the concept of walkability and its measures, reviewing 
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Malaysian walkability studies, and examining two fields of objective measures—5Ds of 

urban form and syntactic measures—and their potential to explain walking behaviour in 

a combined model. Furthermore, it explores the impact of neighbourhood definition in 

terms of geographical scale on the built environment-walking relationship.  Stage 2: This 

stage focused on operationalizing the variables for fieldwork, acquiring data, and 

preparing it for GIS analysis. Stage 3: This stage consisted of two parts: (1) analysing 

the built environment using GIS and space syntax methods, and (2) examining the 

relationships between variables using statistical analyses (nonparametric correlation, 

linear regression, and negative binomial regression). Stage 4: This final stage involved 

developing a neighbourhood walkability assessment tool based on the empirical findings. 

 

1.8 Thesis outlines 

 

The thesis comprises seven chapters and is outlined as follows: 

 
Chapter I: Introduction 

 

This chapter discusses the research background, the problem description, the research 

questions, objectives, and hypotheses, as well as the methods and steps of this study. It 

also discusses the study's significance and introduces the scope and limitations of the 

study. 

 

Chapter II: Neighbourhood Built Environment and Walking Behaviour  

 

This chapter explores the concept of walkability, discussing the association between the 

built environment and walking behaviour. It then covers walkability measurements by 

comparing objective versus perceived-based approaches, as well as the agreement 

between them, Furthermore, it investigates the impact of neighbourhood definition in 

terms of geographical units on the built environment-walking relationship. 

 

Chapter III: Objective Walkability Approaches   

 

This chapter explores combining the 5Ds with syntactic measures, detailing their 

theoretical connection. It reviews empirical findings on the 5Ds and walking behaviour, 

synthesizing studies on objective neighbourhood walkability. The conclusion presents a 

theoretical framework for assessing neighbourhood walkability using syntactic measures 

and the 5Ds. 

 

Chapter IV: Methodology 

 

This chapter describes how the research was designed by providing a detailed overview 

of the discussion regarding the study's research methodology. It outlines the strategies 

for developing research methods, presents the setting and context of the investigated 

areas, and introduces data collection methods before providing an overview of the 

statistical analysis performed. 
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Chapter V: Results 

 

This chapter presents the findings of the statistical analysis conducted to address the 

research questions. Additionally, it visualizes the results of GIS and syntactic analysis in 

the form of maps to facilitate comparison. 

 

Chapter VI: Discussion  

 

This section discusses the findings on neighbourhood walkability assessment based on 

5Ds and syntactic metrics. It also discusses their compatibility to predict walking in the 

context of Putrajaya. 

 

Chapter VII: Conclusion and Recommendations 

 

The final chapter summarizes the overall outputs of this study and concludes the findings 

related to the objective of the research. This chapter is divided into four main sections, 

discussing the conclusion of the study, the practical and theoretical implications, policy 

recommendations, strengths and limitations of the study, and suggestions for future 

work. 
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