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Abstract

:

This paper is to explore how the neighborhood-unit concept, which had been initially promoted by North America and the United Kingdom, was adopted and utilized in the Asian cities of high-density developments, such as Seoul and Singapore from a walkability perspective. Among various environmental elements of walkability in a given neighborhood unit, 10 planning elements, as well as their configuration methods, were drawn from the review of the existing studies, which became an analytical framework for this paper. The findings of the analysis are as follows. First, there were similarities, yet also marked distinctions between the cases of Seoul and Singapore, on the one hand, and those in North America and the UK on the other, with respect to the configuration methods, categorized into four groups of typologies: ‘Neighborhood Size’, ‘Neighborhood Structure’, ‘Neighborhood Network’, and ‘Neighborhood Facilities’. The differences largely resulted from the high-density developments in Seoul and Singapore. In the years since the 1990s, however, when the concept of sustainable development was strengthened, the configuration methods, related to ‘Neighborhood Structure’ and to ‘Neighborhood Facilities’ in most cases, were enhanced to suit more neighborhood walking. The initial concept of the neighborhood unit was actively modified to accommodate the high-density urban situations in Seoul and Singapore, having both positive and negative impacts on neighborhood walkability.
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1. Introduction


In the early twentieth century, the United States and United Kingdom proposed a variety of neighborhood-based planning models for residential developments via a two-way flow design [1,2,3,4]. In particular, Clarence Perry’s neighborhood unit model, proposed in 1929, has had a lasting impact on the design of residential developments around the world [1,3,4]. Originally conceptualized to source house building supplies and decentralize the population, the neighborhood-unit planning has strongly contributed to shaping new towns [4,5,6]. For instance, in the case of the US and the UK, the neighborhood-unit planning was largely utilized for low-density residential developments of new towns in the early 20th century, removed from the daily congestion of the city but close enough for commuting to work [4]. Moreover, these developments had an influential role in the growth of developing countries, as they too underwent economic growth and urbanization in the 1960s. These nations were spurred on by a period of rapid industrialization that encouraged growth-oriented developments [5]. For example, in 1960s–70s South Korea (Seoul) and Singapore, high-density residential developments were initiated for new towns within the expanding cities [5] based on architectural design and construction theories from abroad. In particular, the neighborhood planning concepts of the US and of the UK were regarded as critical points of reference for various residential developments [6,7,8].



Meanwhile, since the 1990s, the demand for sustainable residential environment has steadily increased, and as such, new planning models for neighborhood units were continuously emerging from housing developers all over the world [9,10,11,12]. The initial neighborhood-unit concepts such as those seen in Radburn or in Perry’s models perversely contributed to the proliferation of the urban sprawl even though the models were conceived on its own principles of walkability [1,3,13,14]. Particularly, there were concerns about limitations to social, economic, and environmental sustainability, which resulted largely from regarding the neighborhood as a fixed physical entity in order to deal with automobile traffic and arterial roads [15,16].



There have been longstanding discussions over several common issues regarding neighborhood-unit planning; one in particular concerns its earliest principles. In considering the history of residential development and the use of the neighborhood unit concept, one can observe that the major points of reference used to be Radburn and Perry’s models, as inspired by Howard’s Garden City [1,2,3,4]. The principles, guiding “the size of the neighborhood, the hierarchical structure of the neighborhood, the layout of the road system, and the facilities,” became integral planning elements for the establishment of residential areas all over the world [1,2]. Another point of discussion attempted to reaffirm the basic goal of the neighborhood unit concept, with the conclusion that it produced residential areas in consideration of children and housewives’ daily physical activities in the neighborhood, safe against disruptive automobile traffic [7,17]. Another was about the physical components of the neighborhood unit and whether they contributed to making the space pedestrian friendly [18,19,20]. A critique turned inward, with one area of discussion questioning the validity of neighborhood unit planning itself while still acknowledging its impact worldwide [15,16]. These discussions are all meaningful in enriching our discourse, yet this paper began with its own set of very simple questions. That is, how was the neighborhood-unit concept, which had been initially promoted for low-rise, low-density neighborhoods in North America and the United Kingdom, adopted and utilized in Asian cities with high-rise, high-density developments, and how could it be explained from a walkability perspective?



Recognizing these discussions and questions, this paper investigated the unique characteristics of the way Seoul and Singapore have adopted these neighborhood unit models in contrast to how they were initially promoted in North America and the UK. The goal is to draw planning elements and configuration methods of neighborhood units and explain how they were adopted in residential developments of vastly different parts of the world, all from a walkability perspective. By identifying prototypical residential cases from each location, this paper articulates the typological characteristics in the planning elements and configuration methods found in North America, the UK, Seoul, and Singapore. Through concise visualization of the findings, this paper provides characteristic typologies of neighborhood units, which were re-conceptualized for urban pedestrian activity in the residential developments of Seoul and Singapore. As part of a larger project, this paper focuses on drawing and explaining the neighborhood units of Seoul and Singapore, visually deconstructing their physical elements and configurations from a walkability perspective; based on these contents, a more in-depth critique of their viability and social consequences are to be delivered in upcoming papers.




2. Literature Review and Case Studies


Current studies relevant to the subject of this paper can be divided into three groups. First, the studies of residential planning, based on the neighborhood unit concept, explore the chronological flow of residential development and the characteristics of neighborhood unit models. In particular, the studies on the subjects of North America [2,3,10,21], the UK [4,13,17], Seoul [6,11,12,22,23,24] and Singapore [7,8,25,26] investigate the social, economic, and political impact of residential development, the overall planning process including the inner workings of institutional bureaucracy, and flow of ideas between countries. Second, the studies [17,18,19,20,27,28,29] analyze the physical factors that constitute neighborhood unit planning as well as their configuration methods from a walkability perspective. For the most part, these papers identify morphological characteristics that create a pedestrian-oriented environment through empirical evidence, after which alternative methods are suggested [16,17]. Third, the scholarly criticism of the neighborhood unit concept largely sheds light on its embodiment of physical determinism. A number of studies [15,16,30,31] voice concerns about neighborhood unit planning, as a way to hinder social and economic diversity, limit pedestrian activity, misuse natural resources, and so on.



While acknowledging the history, the limits, and even the potential harms of neighborhood unit planning expressed in current literature, this paper takes the initial position of descriptively drawing the typologies of neighborhood units and conducting a comparative analysis of how they were applied in the US, the UK, Seoul, and Singapore from a walkability perspective. A fundamental principle the guides neighborhood unit planning is the walking distance. It is a shared principle in residential planning which also takes account of pedestrian activities, lending some validity to neighborhood unit planning [16,31]. The Anglo-American based planning models were actively adopted in the residential developments of Seoul and Singapore without objection, and the sentiment has continued until recent years [22,31]. Yet, not many studies have articulated specific planning elements and configuration methods, i.e., typologies of the neighborhood unit, as applied in residential neighborhoods of relatively higher density Asian cities like Seoul and Singapore. It is meaningful to examine how neighborhood unit planning, originally intended for low-density development, has been applied to crowded Asian cities, promoting high-rise, high-density, and mixed-use residential developments with high provision of public transportation. While this paper establishes the analytical frameworks for the neighborhood unit and identifies typologies of neighborhoods with visual diagrams, papers forthcoming will focus on the social implications of these units and delve into the question of their validity.



According to literature reviews, the residential developments connected to neighborhood-unit planning across North America, the UK, Seoul, and Singapore can be largely categorized into five phases [2,3,4,6,7,8,10,11,12,13,21,22,23,24,25,26]. For each phase, one representative case was selected for each country, often the case most frequently referred to in the relevant literature. This resulted in the selection of twenty cases for the purposes of investigation in this paper, reflecting the five phases in each of the four countries.



Table 1 shows the twenty cases typical of neighborhood-unit planning in North America, the United Kingdom, Seoul, and Singapore, representing them in a uniform manner through a legend summarized in Figure 1. The diagrams of the 20 cases in Table 1 have all been adjusted for same scale, marking a relative measure of a dotted circle with a 400-m radius.



In the cases of North America, the chronological flow in the adoption of neighborhood-unit planning was largely divided into two stages [1,3,10,32,33]: One from the 1920s to the 1960s, when Radburn and Perry’s concept was typically adopted, and the other the years since around the 1990s, when the new neighborhood-unit planning models emphasizing social aspects of community and environmental friendliness were widely spread as the concept of sustainable development was accepted.



Radburn (1928) and Perry (1929)’s model, based on concepts of a self-contained neighborhood unit and of the local catchment area, proposed by Howard’s Garden City (1898) [4,17], were recognized as prototypes of the neighborhood planning from the early stage of settlement development from the late 1920s through the post-war suburban development of the late 1960s [1,3]. Even though planning scholars and professional communities produced a number of planning models for a variety of urban developments in the United States, the fundamental principles of the planning models were inherited in the formulation, standardized by Radburn and Perry’s model [1,2,3]. However, from the 1960s onwards, suburbanization was promoted in revitalization efforts as a community’s urban renewal process, and afterward, social aspects of community and environmental sustainability were further strengthened [33]. As a result, new models of neighborhood-unit planning were proposed: TODs (1986) encouraging the use of public transportation [34], New Urbanism (1999) claiming walkable neighborhood in that it pointed out mixed land use and a grid street system in contrast to Perry’s model [35], and Fused Grid System (2002) characterized in that several housing clusters were grouped into one block, which cars cannot cross, and continuous pedestrian foot path system, connected to the open space at the center of the block, providing a direct route to the facilities [10,20,21,36]. Radburn (1928), Perry (1929), TODs (1986), New Urbanism (1999), and Fused Grid System (2002) explain the cases of North America [1,2,3,10,21,34,35].



In the cases of the UK, the chronological flow of new towns was largely divided into four generations [4,13,17]: the first generation of New Towns, from the mid 1940s and the early 1950s through the Expanded Towns Program Phase in the 1950s; the second generation of New Town in the 1960s; the third generation of new towns from the mid 1960s to the early 1970s; and the fourth generation of Eco-towns development since the late 1990s.



Accordingly, the new towns from the 1940s to the 1970s embodied Howard’s vision of the Garden City, unifying town and country, as well as reflecting North American plans for neighborhood units as a planned way to strengthen a community since the Dudley Report in 1944 recommended [4,17]. In particular, the principles in Perry’s model and Radburn strongly influenced the UK’s residential planning [4,13]. For example, shops and a school within close proximity and the separation of vehicle traffic from pedestrian movement were commonly found in the UK’s new towns [4,17]. In the first phase of new towns begun in 1945 to cope with overcrowded of London, Howard’s vision of marrying town and country appeared in the low-density approach to housing and abundant greenery surrounding the neighborhood unit, and Harlow (1947) is referred as one of the best examples reflecting the concept [4]. In the 1950s, the Expanded Towns Program was implemented in the expansion of existing cities near London such as Hook (1957), which was not actually built but remained critical as influencing concepts, to accommodate the London’s rapid population growth. As for the second generation and the third generations of new towns, developed from the 1960s onwards, the direction of urban planning has become more suitable for various modes of transportation, and suburbanization was promoted in the spatial expansion of the functional governance of London [4]. For example, Runcorn (1964), the representative second-generation new town, segregated busway penetrating the center of neighborhood units, and Milton Keynes (1967), the representative third-generation new town, showed the high-speed four lanes, that completely separate neighborhoods [4,17]. Since the 1990s, a government-sponsored program of new towns was implemented in order to achieve standards of sustainable living, such as zero-carbon, 40% of green space, higher waste and recycling system, job opportunities per house accessible by public transport, walking or cycling, etc. [38], and NW Bicester (2009) is regarded as the UK’s first Eco-town [38,39]. Reflecting it, Halow (1947), Hook (1957), Runcorn (1964), Milton Keynes (1967), NW Bicester (2009) explain the cases of the UK [4,13,17].



In the cases of Seoul, the chronological flow of the residential developments adopting the neighborhood-unit planning was largely divided into five stages [6,11,12,20,22,23,24]: the beginning of the modern urban planning in the 1960s; the massive supply of housing stocks in the 1970s; the large-scale residential district developments in the early 1980s; the first phase of new towns from the 1980s to the early 1990s; and finally the second phase of new towns in the late 1990s through the early 2000s.



Perry’s model was first introduced in 1956 [6], but the neighborhood unit concepts were applied during the construction of large-scale apartment complexes began in the late 1960s, as parts of the modern urban planning approach in Seoul. Echon (1966), for example, is regarded as the first residential area, adopting the neighborhood concepts [6,22,23]. In the 1970s, to supply housing on a massive scale, Perry’s self-sufficient neighborhood unit and Radburn’s superblock were accepted as useful planning tools. They provided a high-density, compact apartment block, ranging from 300 and 500 m in length and width. The super-block apartment complexes appeared pervasively in Jamsil (1975) for the first time and has become a predominant structure in urban areas of Seoul [6,40]. In the 1980s, in order to cope with Seoul’s rapid increases in housing prices and in population, huge–scale residential districts such as Mokdong (1983) was developed, while the first phase of new towns, which were largely planned around the Seoul Metropolitan Area, such as Bundang (1989), was initiated. Particularly, Mokdong (1983) is referred to utilize the planning model developed for Hook in the UK, and identified by the central commercial axis in a linear shape passing through the whole residential district providing openness and flexibility between neighborhood units [6,22]. In the early 2000s, the neighborhood-unit planning became a steady resource for the second phase of new towns, which was initiated as the call for sustainable communities [20,22]. Dongtan (2001) represents the second phase of new towns. In order to create an eco-friendly residential space, the entire greenery has been increased by two to three times, compared to that of the previous era, and various pedestrian amenities in the housing cluster increased pedestrian networks [20,23,41]. Echon (1966), Jamsil (1975), Mokdong (1983), Bundang (1989), and Dongtan (2001) explain the cases of Seoul [6,11,22,23,24]. In particular, Bundang (1989) and Dongtan (2001) are the Seoul Metropolitan Area.



In the cases of Singapore, the chronological flow of the residential development adopting the neighborhood-unit planning was largely divided into five stages [7,8,25,26]: the expansion of affordable public housing supply from the late 1950s to the late 1960s; the improvement of residential planning during the 1970s; the emphasis on architectural identity in the 1980s; the redevelopment of residential areas in the 1990s; and the eco-town planning from the late 1990s through the early 2000s.



Due to Singapore’s unique geographical specificity and population characteristics, high-density apartment complexes were strategically used from the early stage of settlement development [42]. In improving the old public housings, Singapore’s new town program began since the 1960s, based on a self-containment neighborhood unit and the concept of live in and work by Howard’s Garden City, and Toa Payoh (1965), for example, was regarded as the beginning of Singapore’s new town program [7,8]. In the 1970s, the Housing Development Board (HDB) provided a manual, proposing a new town’s hierarchical structure such as precinct, neighborhood, and town [7,8,42]. Not only was it first used in Tampiness (1978), but also it has been widely applied to all new towns in Singapore [7,42,43]. From the late 1970s onwards, architectural identities and characteristics were injected into new towns planning [7,25], and diverse greenery such as parks, gardens and open spaces, as a way to make a sense of identity, were implemented vastly in new towns such as Bukit Batok (1981). From the 1990s, the neighborhood centers were improved as a focal point by concentrating facilities, which were typically distributed in blocks, in the form of standalone complexes, and Sengkang is an excellent case study for this period [7]. Since the late 1990s, as Singapore faced vulnerabilities including coastal land loss, increased energy demand, and public health threats, it was necessary to develop a way to grow Singapore more efficiently. As a method of sustainable development emphasis on long-term vision, Punggol (1996–2011) was designated as Singapore’s first model eco town [26]. Toa Payoh (1965), Tampiness (1978), Bukit Batok (1981), Sengkang (1991), and Punggol (1996–2011) explain the Singapore cases [7,8,25,26].




3. Research Methods


The research for this paper was carried out in the following order.




	
First, an intensive literature review was conducted, which included scholarly articles and professional publications, all widely cited as relevant to the subject of this paper [2,3,4,6,7,8,10,11,12,13,20,21,22,23,24,25,26]. Through careful analysis of the literature, representative cases of residential developments that utilized neighborhood unit models in North America, the UK, Seoul, and Singapore were selected, as listed in Table 1. For the maps in Table 1, the size, shape, and proportions of each case were adjusted for the same scale, as measured through Google Map.



	
Second, based on the research papers most relevant to this study [17,19,20,27,28,29], an analytical framework was drawn, as seen in Table 2. It consists of 10 key planning elements for walkability in the neighborhood-unit model, which all the studies commonly point out. The ten key planning elements constitute our four configuration methods, as seen in Table 2; these are Neighborhood Size, Neighborhood Structure, Neighborhood Network, and Neighborhood Facilities.



	
Third, a site analysis was conducted using the master plan drawings and Google Maps to examine how the configuration method for each planning element was actually constructed in the research cases selected. The morphological characteristics were also investigated. Following this, characteristic findings for each case were drawn up and summarized in visual diagrams. These results are charted in comparison with their representative configuration methods in Table 2. Additionally, Google Street View was utilized to confirm the accuracy of the analysis for the aforementioned on-site cases.



	
Finally, the results of the analyses were scrutinized then categorized according to similar and different typological characteristics of neighborhood units among the research cases; these were then interpreted in relation to neighborhood walkability.









4. Analytical Framework


Most of the previous studies, related to this paper, maintained that there were specific planning elements, constituting the neighborhood unit, which would encourage walkability [17,18,19,20,27,28]. They were repetitively referred to as significant factors for walkable neighborhood environment. Extracting those elements and sorting them in a coherent and comprehensive way, it was possible to derive 10 key elements, as seen in Table 2, which are ‘Population Density’, ‘Face-block Structure’, ‘Cell Structure’, ‘Street Hierarchy’, ‘Local Street’, ‘Pedestrian Path’, ‘Boundary’, ‘Green’, ‘Commercial and Service’, and ‘School’. According to their common characteristics, 10 key elements are grouped into four categories: The first category, ‘Neighborhood Size’ refers to a physical area and population of the neighborhood unit, which is largely determined by the element of ‘Population Density’. The second category, ‘Neighborhood Structure’ refers to an organization of blocks and activity nodes, established by major facilities, to which the elements of ‘Face-block Structure’ and ‘Cell Structure’ belong. The third category, ‘Neighborhood Network’ refers to the overall street system of the neighborhood unit. There is ‘Street Hierarchy’, ‘Local Street’, ‘Pedestrian Path’ and ‘Boundary’. The fourth category, ‘Neighborhood Facility’ refers to an arrangement of social facilities such as ‘Green’, ‘Commercial and Service’, and ‘School’ as walking destinations.



4.1. Neighborhood Size


Population Density


Generally, the walking distance determines the geographic boundary of the neighborhood unit, and the critical threshold for the neighborhood radius is around 400 to 800 m [17,43]. Additionally, the number of inhabitants is variously suggested to be 4000 to 10,000 persons, depending on the neighborhood-unit models [17,43]. Here, for relative comparison, the population density of the neighborhood unit is re-arranged as the number of residents per one hectare. An idealized population density (people/ha) has been discussed when considering comfort in a residential environment or maintaining neighborhood facilities [17,24], as well as when promoting vitality in streets and livable community [17,27,44,45,46]. In analyzing ‘Population Density,’ it was classified into ‘Low-density Development (a1)’, ‘Medium-density Development (a2)’ and ‘High-density Development (a3)’, based on the numbers of which were largely referred to Jan Gehl (2008) and Friedman (2015) [27,44].





4.2. Neighborhood Structure


4.2.1. Face-Block Structure


Face-block means the smallest unit within the neighborhood unit, which consists of a single housing cluster or several housing clusters, providing public spaces differently and promoting social interaction differently [27,36,44,45]. Face-block may be delineated by streets or greenery, and it forms the smallest community of residents. ‘Face-block Structure’ directly reflects neighborhood walkability, according to Speck (2015), in which the larger the block, the fewer the options for walking, as more road space makes walking difficult and inconvenient. In analyzing ‘Face-block Structure’, it was classified into ‘A Single Housing Cluster (b1)’ and ‘A Group of Housing Clusters (b2)’.




4.2.2. Cell Structure


The neighborhood unit has been treated as a complete closed space like a cell [17]. It creates a hierarchical base on the neighborhood unit, which results in openness and flexibility between neighborhoods. ‘Cell structure’ with various hierarchical bases of central facilities allows residents’ perception of a neighborhood boundary from inward to outward directions [20,47], affecting walking patterns. When the perceived neighborhood facilities associated with walking are located at a distance in the neighborhood unit, longer walk distances are made [20,47]. In analyzing ‘Cell Structure’, it was classified into ‘Single Cell (c1)’, ‘Clustered Cell (c2)’, and ‘Inter-locked Cell (c3)’ [17].





4.3. Neighborhood Network


4.3.1. Street Hierarchy


Street hierarchy is a way of laying out road networks within the neighborhood unit. It is understood as a hierarchy of roads in the network topology that embeds thoroughfares; they are exemplified by arterial, collector, and local streets, which are generally linked with road widths of large, middle, and small length. Among streets, arterials are typically used to as topological focal points for people’s activities by concentrating central facilities. Yet, walking activities were largely increased on local streets, the width of which is less than 20 m [20,28,48,49]. If higher order roads are located in residential areas, it might result in reduced pedestrian safety [16,20,28]. In analyzing ‘Street Hierarchy’. It was classified into ‘Edge-highlighted Form (d1)’, ‘Center-highlighted Form (d2)’ and ‘Evenly-organized Form (d3)’ [16,17].




4.3.2. Local Street


Local streets are generally established for entering into housing clusters within the neighborhood unit after the entire street system is established. In particular, depending on the form of local streets, through traffic can be completely or partly excluded, which could work as a way to improve pedestrian safety in residential areas [50]. Studies have shown that a dense street network is more effective in terms of walkability [19,20,28,35,48]. In analyzing ‘Local Street’, it was classified into ‘Cul-de-sac (e1)’, ‘Loop (e2)’, ‘Grid (e3)’ and ‘Underground Path (e4)’ [27].




4.3.3. Pedestrian Path


Pedestrian path means pedestrian-centered street by separating pedestrian lanes from vehicles for the safety of walking [23]. It is usually arranged to cross the center of blocks in association with open spaces for social interactions. It has been regarded as a way to promote walking activity since it was initially proposed in Radburn [4]. The arrangement of various facilities along the pedestrian path is also considered as a way to attract more walking activity [19,20] as seen in ‘High street’ in the UK or ‘Everyday life streets (Saenghwalga-ro)’ in Seoul [17,20,23]. In analyzing ‘Pedestrian Path’ it was classified into ‘Car-free area-oriented Form (f1)’ and ‘Facilities-oriented Form (f2)’.




4.3.4. Boundary


‘Boundary’ is a planning element that divides the spatial boundaries of neighborhood units and serves as a degree to which each resident perceives it as his or her neighborhood [17,45]. As similar as ‘Cell Structure’, residents’ perception of a neighborhood boundary could be enlarged or reduced depending on the role of the boundary, affecting the distances to travel. Yet, in terms of the morphological aspect of the boundary, the fuzzy type encourages more permeability to adjacent neighborhoods [17], which became a principle in New Urbanism [35]. In analyzing ‘Boundary’ it was classified into ‘Fuzzy Boundary (g1)’ and ‘Clear boundary (g2)’ [17].





4.4. Neighborhood Facilities


4.4.1. Green


‘Green’ means parks, open spaces, gardens, squares, etc., which contribute to a pleasant living environment of the neighborhood unit. Greenery surrounding the neighborhood was regarded as the integration of nature into cities, initially in the UK [4]. At the same time, it is traditionally placed as a space where children can play safely [3,7,17,25]. Studies show a close relationship between the arrangement of green in the neighborhood unit and walkability [19,20]. In analyzing ‘Green’ it was classified into ‘Green Belt (h1)’, ‘Scattered Green Features (h2)’, ‘Centered Green (h3)’, and ‘Green Network (h4)’ [27,37].




4.4.2. Commerce and Service


‘Commerce and Service’ supports activities related to consumption and it consists of two types. One is for large shopping centers and malls which are generally located in the center of a neighborhood, while the other is for mall facilities necessary for daily living, such as beverage, groceries, leisure, healthcare, dressing, and business, which are located in the housing cluster unit [7]. Traditionally, commercial and service facilities tended to be clearly distinguished from residential areas and to be placed in the center or outskirts of the neighborhood unit, which was under the previous planning concepts of the car-oriented environment [20,35]. The rise of mixed-use developments in which residential buildings are combined with commercial and service facilities came to be acknowledged as promoting walkable neighborhood [35]. In analyzing ‘Commerce and Service’ it was classified into ‘Single Spot (i1)’, ‘Several Spots (i2)’, and ‘Shared Spot (i3)’ [27,37].




4.4.3. School


‘School’ means elementary and secondary schools, which are compulsory education. Since it was first mentioned in the Garden City of Howard, Perry’s model defined the size of neighborhood unit, based on the capability of accommodating one elementary school [47,51]. The elementary school has been regarded as an essential planning element for neighborhood planning [47,48,51]. Allocating schools near open spaces for a child to walk safely became a traditional principle for organizing ‘School’ [12,16]. In recent years, schools have been recognized as a walking destination, and they are increasingly placed with various other public facilities [11,20]. In analyzing ‘School’ it was classified into ‘Independent Form (j1)’ and ‘Combination Form (j2)’ with respect to the relationship with other facilities, and ‘Hidden Form (j3)’ and ‘Exposed Form (j4)’ with respect to the relationship with streets [37].






5. Analysis and Findings


With respect to the 10 planning elements and their configuration methods, presented in Table 2, selected cases of the neighborhood unit models in North America, the United Kingdom, Seoul, and Singapore were analyzed, and the findings are summarized as seen in Table 3. A brief explanation about them is as follows.



5.1. Neighborhood Size


Population Density


As seen in Table 4, the analysis of ‘Population Density’, the number of residents per one hectare, showed that ‘Medium’ or ‘High Density’ types were found in almost every case of Seoul (Echon (′66): 144, Jamsil (′75): 135, Mokdong (′83): 261, Bundang (′89): 175, Dongtan (′01): 137) and of Singapore (Toa payoh (′65): 150, Tampiness (′78): 124, Bukik Batok (′81): 124, Sengkang (′91): 207 and Punggol (′11): 139), while ‘Low Density Development’ type was mainly found in almost every case of North America (Radburn (′28): 25, Perry (′29): 76, TODs (′86): 100, NU (′99): not defined, FGS (′02): not defined) and of the UK (Harlow (′47): 30.9, Hook (′57): 170, Runcorn (′64): 104, Milton Keynes (′67): 40, NWBicester (′09): not defined). The numbers of the population density were largely referred to the following literatures for each city, such as North America [17,43], The UK [4,17], Seoul [11,22], and Singapore [7,52].



Recent studies, such as UN-Habitat, recently proposed principles for making a sustainable neighborhood in a report [53]. One of the most quoted principles is about ‘high density’ of at least 150 people/ha to promote vibrant street life and walkability. Considering driving forces of walking activity, the compact development planning of Seoul and Singapore has a positive relationship with neighborhood walkability.





5.2. Neighborhood Structure


5.2.1. Face-Block Structure


The analysis of ‘Face-block Structure’ showed that ‘A Group of Housing Clusters’ type was mainly found in most cases of Seoul (Echon (′66), Bundang (′89), Dongtan (′01)) and in all cases of Singapore (Toa payoh (′65), Tampiness (′78), Butik Batok (′81) Sungkang (′91), Punggol (′11)), while ‘A Single Housing Cluster’ type was largely found in almost every case of North America (Perry (′29), TODs (′86), NU (′99), FGS (′02)) and of the UK (Halow (′47), Milton Keynes (′67), NW Biceseter (′09)).



As seen in Table 5, there were differences in the configuration methods of ‘Face-block Structure’ between Seoul and Singapore, on the one hand, and North America and the UK, on the other. The large housing cluster was related to the size of face-blocks in Seoul and Singapore, which was relatively larger than that in North America and the UK. For example, a majority of dwelling type consisted of high-rise apartments in Seoul and in Singapore. When subdividing lands, for example, large blocks ranging from 300 and 500 m in length and width were developed for the large housing clusters in Seoul and Singapore, resulting in three or four blocks in the neighborhood unit. In the cases of North America and the UK, a majority of housing clusters consisted of single-detached houses or row houses, and the standard blocks were between 150 and 100 m in length and width. There are a number of small blocks in the neighborhood unit in North America and the UK.



The urban form of Seoul and Singapore is more likely to have a limited range of walking activity than that of North America and the UK because it often takes too long for people to walk anywhere [49].




5.2.2. Cell Structure


The analysis of ‘Cell Structure’ showed that ‘Clustered Cell’ type was mainly found in most cases of Seoul (Mokdong (′83), Bundang (′89), Dongtan (′01)) and of Singapore (Tampiness (′80), Butik Batok (′81), Sengkang (′91)), while ‘Single Cell’ type was found in most cases of North America (Radburn (′28), Perry (′29), TODs (′86)) and of the UK (Runcorn (′64), Milton Keynes (′67), NW Bicester (′09)).



As seen in Table 6, the difference in configuration methods of ‘Cell Structure’ between Seoul and Singapore, on the one hand, and North America and the UK on the other were found in relation to the different sizes of a housing cluster and the way it was planned and operated. For example, in the cases of Seoul and Singapore, large apartment blocks having their own facilities, which are managed by the same company and operated like a gated community, were repeatedly arranged, applying the neighborhood unit. It formed various hierarchies, bringing out openness to the cell, which enhances walking inside the complexes.



Meanwhile, in the years since the 1990s, when sustainability became a major planning concept, the recent planning models of Seoul’s Dongtan (′01), Singapore’s Punggol (′11), and North America’s FGS (′02) had ‘Inter-locked Cell’ type in common, and it could be interpreted as reflecting a more active planning method for walkable neighborhood by increasing connectivity to and sharing commercial facilities with adjacent neighborhood units [17,20,54].





5.3. Neighborhood Network


5.3.1. Street Hierarchy


The analysis of ‘Street Hierarchy’ showed that ‘Edge-highlighted Foam’ type was mainly found in almost every case of Seoul (Echon (′66), Jamsil (′75), Bundang (′89), Dongtan (′01)) and of Singapore (Toa payoh (′65), Tampiness (′78), Bukik Batok (′81), Punggol (′11)). This type was also found in all cases of North America since it was proposed in their initial planning models such as Radburn (′28) and Perry (′29), and in the UK’s planning models such as Harlow (′47), Runcorn (′64), and Milton Keynes (′67).



Accommodating most of the traffic volumes at the periphery of the neighborhood unit was largely intended to have lower traffic volumes within the neighborhoods. On the other hand, as seen in Table 7, despite the same method for organizing ‘Street Hierarchy’ between Seoul and Singapore on the one hand and North America and the UK one the other, their applications differed in practice. For example, the width of arterial roads ranged from four lanes to eight lanes in all cases of Seoul (Echon (′66): four lanes, Jamsil (′75): eight lanes, Mokdong (′83): four lanes, Bundang (′89): six lanes, Dongtan (′01): six lanes) and of Singapore (Toa payoh (′65): six lanes, Tampiness (′79): six lanes, Butik Batok (′81): six lanes, Sengkang (′91): six lanes, Punggol (′11): six lanes), as a result of high-density developments. On the other hand, the width of arterial roads ranged from two lanes to four lanes in almost every case of North America (Radburn (′28): two lanes, Perry (′29): four lanes, Tods (′86): two lanes, NU (′99): two lanes, FGS (′02): two lanes), and of the UK (Harlow (′47): two lanes, Runcorn (′64): two lanes, Milk Keynes (′67): four lanes, NW Bicester (′09): two lanes).



That is to say, the urban forms found in the cases from Seoul and Singapore as a response to heavy traffic from large apartment blocks with a high density have negative relationships with neighborhood walkability, in terms of reducing the possibility of walking [16]. Since people feel dangerous due to a number of vehicles moving at high speed, and therefore they avoid walking [49].




5.3.2. Local Street


The analysis of ‘Local Street’ showed that ‘Cul-de-sacs’ and ‘Loop’ type were found individually or in combination in all cases of Seoul and of Singapore. The similar patterns were found in North America’s Radburn (′28) and FGS (′02) and in almost every case of the UK (Harlow (′47), Hook (′57), Runcorn (′64), Milton Keynes (′67)).



Excluding through traffics in residential areas by applying local streets in the form of the dead-end alley and a ring was widely used to acquire enclosure comforts in residential environments and pedestrian safety [16,20,39,45,49]. Meanwhile, as seen in Table 8, although the method for organizing ‘Local Street’ was used in a similar way in the four countries, Dongtan (′01) in Seoul and Punggol (′11) in Singapore, which are the recent planning models developed after 1990s, had their unique type, that is, ‘Underground Path’ type. This type shows a stronger separation between pedestrians and cars, by putting all car movements at underground, in order to increase pedestrian space and to enhance the safety of on-ground walking. It still needs to be carefully studied whether this type actually increased the amount of residents’ total walking. Some studies maintain ‘Underground Path’ type makes people not walk around on the surface level because the convenience of the underground path tends to encourage their activities from the underground parking directly to homes through elevators [49,51].




5.3.3. Pedestrian Path


As seen in Table 9, the analysis of ‘Pedestrian Path’ showed that ‘Car free area-oriented Form’ was found in all cases of Singapore, which was originally proposed in Radburn (′28) in North America [3,4]. Meanwhile, Mokdong (′83), Bundang (′89), and Dongtan (′00) in Seoul, had a combination of ‘Car free area-oriented Form’ and ‘Facility-oriented Form’ types, which was mainly found in the UK’s planning models such as Harlow (′47), Hook (′57), and NW Bicester (′09).




5.3.4. Boundary


As seen in Table 10, the analysis of ‘Boundary’ showed that ‘Clear Boundary’ type was found in all cases of Seoul and of Singapore. This type was also used as a continuous configuration method of ‘Boundary’ in North America’s planning models since it was initially proposed in Radburn (′28) and Perry (′29). The cases in the UK, on the other hand, such as Harlow (′47), Runcorn (′64) and Eco-towns (′08), had ‘Fuzzy Boundary’ type. As seen in Table 13, the configuration methods of ‘Boundary’ found in Seoul and Singapore is more closely related to North America’s method. However, in terms of walkability, the ‘Fuzzy Boundary’ type, which was found in the planning models of the UK, could have positive relationships with neighborhood walkability in terms of promoting permeability and relatively long walking distances [17,47].





5.4. Neighborhood Facilities


5.4.1. Green


An analysis of ‘Green’ showed that ‘Scattered Green Features’ type was mainly found in almost every case of Seoul (Echon (′66), Jamsil (′75), Mokdong (′83), Dongtan (′01)) and in all cases of Singapore. The type was also found in a similar way in almost every case from North America (Radburn (′28), Perry (′29), NU (′99), FGS (′02)) and in the UK’s planning models such as Harlow (′47), and Hook (′57).



As seen in Table 11, however, although the dispersed configuration method was the most common approach to organizing ‘green’, the role of the greeneries within the neighborhood unit appeared differently in high-density developments of the cases in Seoul and Singapore. For instance, in Seoul’s Dongtan (′00), Singapore’s Sengkang (′91) and Punggol (′11), the scattered greeneries were mostly large squares mainly shared by residents in apartment blocks. In terms of planning concept, it is similar to private yards placed in the front or rear of a home in the cases of North America and the UK. However, in the cases of North America and the UK, the scattered greeneries in the neighborhood unit played as public spaces, which are open to everyone, not just for the residents.



Meanwhile, in the recent planning models, such as Dongtan (′01) in Seoul, and Punggol (′11) in Singapore, as well as FGS (′02) in North America, and NW Bicester (′09) in the UK, ‘Green Network’ type was commonly used. Although the precedent planning treated greenery as a separate public space, the recent planning models allowed greenery to have networks, across the entire neighborhood for enhancing walkability [20,36].




5.4.2. Commerce and Service


As analysis of ‘Commerce and Service’ showed that ‘Single Spo’ and ‘Several Spots’ types have been variously found with a wide-range timeline from the 1960s through the 2000s in all cases of Seoul and of Singapore, which was also found in almost every cases of North America (Radburn (′28), Perry (′29), TODs (′86), NU (′99)) and of the UK (Harlow (′47), Hook (′57), Runcorn (′64), Milton Keynes (′67), NW Bicester (′09)). Especially, there was a tendency to use ‘Several Spots’ type largely in the later cases among the four countries.



The dispersed configuration method was a most common approach to organizing ‘Commerce and Service’ by attracting walking in various places [20,37]. As seen in Table 12, however, their application differed in high-density development cases in Seoul and Singapore. For example, facilities were located on the first floor of apartment buildings or vertically integrated into a commercial building as a linear shape in the cases of Seoul and Singapore, while facilities were integrated in a low-rise building with one or two floors in the case of North America and the UK. The configuration method reflected the spatial structure of compact developments in Seoul and Singapore. On the other hand, a few studies maintain that high-rise commercial and service buildings cannot attract walking since people feel inconvenient to use the facilities on the upper level [28,47]. However, the combination of commercial and residential buildings vertically is used in a similar way in mixed-use developments of New Urbanism [35] or the ‘high street’ concept in the UK [17]. It can be interpreted as a positive way in terms of walking.



In the meantime, through ‘Shared Spots’ type found in Dongtan (′01) in Seoul, Punggol (′11) in Singapore and FGS (′02) in North America—the planning models after the 1990s—considering the sustainability goals, commercial and service facilities tended to be located at the intersection of neighborhoods. It can expand walking distance which pedestrians feel acceptable to walk, in contrast to the previous planning concept that limited the scope of commercial and service activities to the inner space [17,20,51].




5.4.3. School


As seen in Table 13, an analysis of ‘School’ showed that, with respect to the relationship with other facilities, ‘Independent Form’ type was mainly found in most cases of Seoul (Echon (′66), Mokdong (′83), Bundang (′89)) and in all cases of Singapore, while ‘Combination Form’ type was mainly found in all cases of the UK. As a tendency to perceive schools as pedestrian facilities have increased, ‘Combination Form’ type was largely found in the recent cases, such as Dongtan (′01) in Seoul and FGS (′02) in North America. With respect to the relationship with streets, ‘Hidden Type’ was found in all cases of Seoul, which, in a way, was to enhance pedestrian safety by accessing school facilities through local streets. ‘Hidden Type’ was also found in all cases from the UK. By contrast, ‘Exposed Type’ was found in all cases of Singapore and of North America, except for Perry (′29), which, in a way, was to enhance accessibility through major arterial roads.





 





Table 13. School Analysis.
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Representative Cases 1






	
Configuration method
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Tampiness, Singapore

	
[image: Sustainability 10 00988 i133]

	
[image: Sustainability 10 00988 i134]

Radburn,

USA
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Runcorn,

the UK

	
[image: Sustainability 10 00988 i138]

	

	




	
[image: Sustainability 10 00988 i139]

	
[image: Sustainability 10 00988 i140]

	
[image: Sustainability 10 00988 i141]




	
FGS, Canada

	
NW Bicester, the UK

	
Dongtan, Seoul
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Bundang,

Seoul
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Milton Keynes, the UK
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Toa Payoh,

Singapore
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Perry: Phoenix, USA
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1 The figures in Table 13 were drawn from the previous study [37].














6. Conclusions


The purpose of this paper was to investigate how the neighborhood-unit model, initially introduced and implemented in North America and in the UK, has been a constant source of reference to residential developments in Seoul and Singapore from a walkability perspective. In pursuing this goal, this paper has produced the following outcomes.



In constructing an analytical framework, a thorough review of existing studies was conducted, and a list of 10 key elements in neighborhood-unit planning was drawn, all related to neighborhood walkability. These are ‘Population Density’, ‘Face-block Structure’, ‘Cell Structure’, ‘Street Hierarchy’, ‘Local Street’, ‘Pedestrian Path’, ‘Boundary’, ‘Green’, ‘Commerce and Service’, and ‘School’. These 10 key elements were then grouped into four categories of configuration methods: ‘Neighborhood Size’, ‘Neighborhood Structure’ ‘Neighborhood Network’ and ‘Neighborhood Facilities’.



In selecting representative residential development cases, a comparative review of existing studies was carried out, and 20 of the most prototypical cases were each presented in a scaled and visualized diagram, five cases for each city/country studied here. The selected cases are the following: Echon (′66), Jamsil (′75), Mokdong (′83), Bundang (′89), Dongtan (′01) of Seoul; Toa payoh (′65), Tampiness (′78), Bukik Batok (′81), Sengkang (′91), Punggol (′11) of Singapore; Radburn (′28), Perry (′29), TODs (′86), NU (′99), FGS (′02) of North America; and Harlow (′47), Hook (′57), Runcorn (′64), Milton Keynes (′67), NWBicester (′09) of the UK.



Following analysis of these 20 cases through the analytical framework of the 10 planning elements, categorized in four configuration methods, this paper draws conclusions thusly (Table 14):



First, ‘Population Density’ in the category of ‘Neighborhood Size’ was the most critical planning element, one that brought distinctive configurations of residential developments with different ‘Face-block Structure’ and ‘Cell Structure’ in the category of ‘Neighborhood Structure’.



Empirically speaking, the average population number per hectare ranged from 100 to 200 in Seoul and Singapore, resulting in ‘Medium’ or ‘High-density Development’ types. It was mostly below 50 in North America and the UK, resulting in being categorized as ‘Low-density Development’ type. Moreover, the standard size of blocks ranged from 300 and 500 m in length and width in Seoul and Singapore, a result from being the ‘A Group of Housing Clusters’ type for their ‘Face-block Structure’. It ranged from 100 and 150 m in length and width for North America and the UK due to their being the ‘A Single Housing Cluster’ type. Being interlocked to this, ‘Clustered Cell’ type was widely adopted in Seoul and Singapore, while ‘Single Cell’ type was most widely adopted in North America and the UK.



Clustering of these large, standardized high-rise, high-density apartment blocks contributed to making the neighborhood unit in Seoul and Singapore a three to four block mega entity. This configuration, along with the large arterial roads of heavy traffic, are likely to threaten pedestrian safety and to limit the range of pedestrian activity. The initial expectation may have been that the ‘Clustered Cell’ type, widely adopted in Seoul and Singapore, would be a way to increase walkability because it creates more openness. However these large apartment super-blocks operate much like a gated community, in cloistered modes, and thus the ‘Clustered Cell’ type actually decreases accessibility.



Second, ‘Green’ and ‘Commerce and Service’ in the category of ‘Neighborhood Facilities’ played an integral role as designated walking destinations in Seoul and Singapore, their dispersed configurations allowing for walks into wider spaces and more varied locations. The same concepts were attempted in North America and the UK, yet their actual implementations on sites diverged away from the planning models in the Asian cities, reflecting the lower population density.



This kind of failure to transfer concepts across continents is reflected in another example. The ‘Scattered Green Features’ type of ‘Green’ was a common approach in these configurations, yet the supposed dispersed greenery was largely featured as controlled ‘squares’ within large apartment blocks in Seoul and Singapore, while it was featured as natural ‘public open spaces’ in North America and the UK, a divergence which elongated the actual distance that can be used for pedestrian activity. That is to say, as Jacobs (2010) [9] pointed out, the form of a successful neighborhood park as a small space rather than a large-scale park might feature differently in Seoul and Singapore.



In contrast, the ‘Several Spots’ type of ‘Commerce and Service’ was a shared common approach in recent cases from all four countries. In Seoul and Singapore, facilities for ‘Commerce and Service’ were placed on the first floors of apartment buildings and high-rise offices, facing the streets, while the same facilities were integrated into one or two floors of low-rise buildings in North America and the UK. This order of arrangement has been suggested for use in the UK’s ‘high street’ and New Urbanism’s mixed-use developments as it operates as a positive reference for neighborhood pedestrian traffic.



Third, in recent cases, such as North America’s FGS (′02), the UK’s NW Bicester (′09), Seoul’s Dongtan (′01), and Singapore’s Punggol (11), the organizational methods in ‘Cell Structure’, ‘Green’, ‘Commerce and Service’, and ‘School’ were similar for all four countries as these features successfully promoted walkability in and around the respective neighborhoods. Meanwhile, the cases diverged on the use of ‘Local Street’ in the category of ‘Neighborhood Network’, as these plans were used distinctively in Seoul and Singapore.



To sum up, the ‘Inter-locked Cell’ type within ‘Cell Structure’ and ‘Shared Spot’ type within ‘Commerce and Service’ were found to enhance connectivity across adjacent neighborhood units. The ‘Green Network’ type within ‘Green’ and ‘Combination Form’ type within ‘School’ together had a synergistic relationship that resulted in enhanced neighborhood walkability. On the other hand, the ‘Underground Path’ type within ‘Local Street’, which effectuated the complete separation of pedestrians and vehicles by putting all cars underground, is found only in the large redevelopment cases of Seoul and Singapore. The ‘Underground Path’ type can be interpreted as a positive reference in enhancing pedestrian safety and for upgrading walking amenities, but not yet as a factor in increasing the total amount of walking.
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Appendix A


The details of figures in Table 2, the configuration methods of each planning elements, are as follows.




	
Figure a1 ‘Low-density Development’ means that the average population per hectare is less than 100.



	
Figure a2 ‘Medium-density Development’ means that the average population per hectare is from 100 to 200.



	
Figure a3 ‘High-density Development’ means that the average number of people is 200 or more.



	
Figure b1 ‘A Housing Cluster’ is the type that each housing cluster is established into a face-block.



	
Figure b2 ‘A Group of Housing Clusters’ is the type that several housing clusters are grouped into a face-block, and the block size is relatively large.



	
Figure c1 ‘Single Cell’ usually has the nucleus of central facilities at its center of the neighborhood unit. Since the neighborhood cocoons their facilities, it resists sharing them [17]. Therefore, there is only one hierarchy making a narrow range of perceived neighborhood boundaries.



	
Figure c2 ‘Clustered Cell’ is the form in which several clusters having sub-facilities, which are typically defined as large blocks, are gathered to foam a neighborhood unit. The various hierarchies contribute to expanding residents’ perceived neighborhood boundaries than the structure above [17].



	
Figure c3 ‘Inter-locked Cell’ is the form in which facilities are placed where neighborhoods are overlapped. The boundary of a neighborhood unit is not defined like a closed cell. The range of residents’ perception of the neighborhood unit is the most outward [17].



	
Figure d1 ‘Edge-highlighted Form’ is the type in which higher order roads are located at the edge of the neighborhood unit. Therefore, most of the traffic volume is processed at the periphery of the neighborhood unit [3], and as a result, space for pedestrian safety is considered to be the central part of the neighborhood unit area. However, there is tension between the grids that reduce interactions between neighborhoods [17].



	
Figure d2 ‘Center-highlighted Form’ is the type in which higher order roads are located in the middle of the neighborhood unit, and the continuous arrangement of the neighborhood unit along the central axis is established [17].



	
Figure d3 ‘Evenly-Organized Form’ is the type that the hierarchy of roads consists of an evenly spaced grid network.



	
Figure e1 ‘Cul-de-sac’ is the type of dead-end alley that exclude through traffic in a housing cluster [27].



	
Figure e2 ‘Loop’ is the type that improves the problem of Cul-de-sac by allowing the car to bypass in a housing cluster while excluding through traffic in the form of a ring [27].



	
Figure e3 ‘Grid’ is the type in which cars can move anywhere in the neighborhood unit like the grid form of an orthogonal checkerboard [27].



	
Figure e4 ‘Underground Path’ is the type in which the amount of ground spaces devoted to streets is eliminated for making pedestrian networks of car-free streets and amenities by establishing the entrance and exit at the first floor underground, which vehicles can directly get to the underground parking garages.



	
Figure f1 ‘Car-free areas-oriented Form’ is the type that allows safe passage within the residential area through a combination of pedestrian path and car-free areas such as open spaces in the neighborhood unit.



	
Figure f2 ‘Facilities-oriented Form’ is the type arranging the pedestrian path in relation to the pedestrian's destination, concentrating the central facility around the pedestrian path, or placing the pedestrian-centered street around the facility that allows pedestrians to travel.



	
Figure g1 ‘Fuzzy Boundary’ forms a natural boundary shape by utilizing existing terrain or greenery [17].



	
Figure g2 ‘Clear Boundary’ is the type that determines boundaries by man-made barriers, such as major roads [17].



	
Figure h1 ‘Green Belt’ is the type that greenery surrounds the periphery of the neighborhood unit.



	
Figure h2 ‘Scattered Green Features’ is the type that small parks are distributed in many places in the neighborhood [27,37].



	
Figure h3 ‘Centered Green’ is the type that a large-scale of a park is placed at the center of the neighborhood unit [27,37].



	
Figure h4 ‘Green Network’ is the type that continuous greeneries provide a direct route to the facilities from a residence [37].



	
Figure i1 ‘Single Spot’ is the type that diverse commercial amd service facilities are integrated in one place into a plane or a linear shape [27,37].



	
Figure i2 ‘Several Spots’ are the type that facilities are distributed in various places in the neighborhood unit. In particular, higher order facilities are generally placed in the middle of the neighborhood units [27,37].



	
Figure i3 ‘The Shared Spot’ is the type that allows facilities to be shared in nearby neighborhoods [27,37].



	
Figure j1 ‘Independent Form’ is the type in which school is treated as an independent facility [37].



	
Figure j2 ‘Combination Form’ is the type in which school is arranged in combination with other facilities [37].



	
Figure j3 ‘Hidden Form’ is the type in which school is located far away from a major arterial [37].



	
Figure j4 ‘Exposed Form’ is the type in which school is placed close to a major arterial [37].
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1 The figures in Table 1 were drawn from the previous study [37].













 





Table 2. Analytical Framework.
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Cell Structure

	
c1. Single Cell
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d1. Edge-highlighted
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d3. Evenly-organized
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(f)

Pedestrian Path

	
f1. Car-free Area

	
f2. Facilities
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Boundary

	
g1. Fuzzy Edge Form

	
g2. Clear Edge Form
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Green

	
h1. Green Belt

	
h2. Scattered Green

	
h3. Centered Green

	
h4. Green Network
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i1. Single Spot

	
i2. Several Spots
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j3. Hidden Form
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1 The figures for the category were drawn from the previous study [37]. The details of each configuration method are explained in the Appendix A.
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a2
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b2
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d2

	
d3

	
e1

	
e2

	
e3
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f1

	
f2
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1 The abbreviations used for Table 3 are as follows. NU: New Urbanism, FGS: Fused Grid System, MK: Milton Keynes.
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1 The figures in Table 11 were drawn from the previous study [37].
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1 The figures in Table 12 were drawn from the previous study [37].
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3. Since the 1990s when sustainability became a major planning concept, similar kinds of typology has been employed for walkability as a way to avoid physical determinism
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- Unique typology in Seoul and Singapore

- Increase pedestrian safety and upgrade walking amenities, but not as a reference for increasing the total amount of walking
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