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Abstract 

As part of the current trend for sustainable transport systems and for lively cities, 

considerable research has been conducted into the relationship between urban form and 

travel activity. Related Taiwanese studies are relatively scarce, however, perhaps because 

there is a lack of research about Taiwanese urban morphology. Therefore, establishing a 

complete urban form catalogue (including building type, street type, and interface type 

in particular) is the first step and prime objective for this thesis to contribute to the 

omission in the current academia, and further identifying the urban form types with their 

travel activity characteristics (mostly mode choice and walking behaviour) to recognise 

which form types are more favourable under the contexts of sustainable and lively 

lifestyle.  

Throughout the study, interfaces, i.e. the connections between different urban form 

components, are given particular focus. This is done firstly because interface is almost 

entirely undocumented in existing Taiwanese urban morphology, and secondly because, 

although the transition between the private and public domain is seen as playing a vital 

role in pedestrian or public life studies, but little discussion about it as an integral factor 

in most transport related research. 

This thesis is based on the study of both the physical fabric and residents’ travel activity 

pattern of Da-An District. Therefore, a two-dimensional coordinate system (x-y matrix) 

and cluster methods (e.g. K-Means) were used to classify the urban form types, whilst a 

questionnaire was used to gain the travel activity data. As a result, the urban form of 

the selected study area was found to comprise 10 building types, 12 street types, and 

24 interface types. Through Chi-square tests, certain street and interface types were 

then found to be associated with certain transport mode shares for local trips. A 

number of specific interface types were further recognised as favourable (e.g. arcades 

with shop windows, and large landscaped front setbacks) or unfavourable (e.g. 

overhang without setback) to a sustainable and lively environment.  



Impact Statement 

In the contexts of sustainable development and lively cities, this thesis recognises a 

contradiction between the theoretical benefits of mixed land use and the actual high 

dependence on private vehicles in Taiwan. Moreover, this thesis identifies the issues 

not only about little understanding on Taiwanese urban morphology but also about the 

lack of understanding of interfaces, i.e. the transitional connection between different 

urban form elements especially between public and private domain, both in 

morphological and travel activity related research areas.  

Therefore, from literature reviews, this thesis concludes two arguments to explain the 

contradiction in Taiwan, which is caused by the environment conditions that most of 

urban areas provide compact use of mixed land use (a necessary but insufficient factor), 

but lack good quality of interface spaces, which play a vital role in providing spaces for 

walking and places for socialising. From methodological side, the classification system 

(two-dimensional coordinate system and K-Means) designed in this thesis helps to classify 

form types and read the urban tissue, and the form data combined with travel activity 

data helps to understand the urban issues in Taiwan. For example, street types and 

interface types are found significantly related to different mode shares or walking 

behaviours. More precisely, some particular street types and interface types are found 

associated with higher mode shares of transit, walk or bike than other types and defined 

as favourable types; by contrast, some types are found associated with higher use of 

private vehicles than other types and defined as unfavourable types.  

Following this, in terms of the benefits inside academia, the comprehensive enumeration 

of interface types compiled in this thesis from literature and from fieldwork results 

supplements to the existing knowledge of interfaces. And the classification methods not 

only provide a systematic way to cluster urban form types but also can adapt more flexibly 

than some existing classification system to various urban contexts and reveal their 

representative and unique urban form types. In addition, for policy suggestions, the 

favourable types recognised by this thesis (e.g. secondary road with parking space and 

kerbed pavement, service road with painted pavement, arcades with shop window, and 

large landscaped front setback) can be applied to urban design or urban planning as 

guidelines of sustainable street, interface and neighbourhood design, which can be also 

followed or adopted by planners, housing developers or house owners. On the other 



hand, the unfavourable types (e.g. secondary road with parking space, the frontage with 

overhang but without setback, etc.) can be regarded as the negative design, where the 

government should make holistic regulations to avoid or re-design them to apply to street 

network or housing planning. Therefore, by manipulating the street or interface types 

from the knowledge of the spatial and travel activity related characteristics of urban form 

types revealed by this thesis, from the top of rule-makers down to the residents, they can 

cooperate in improving on sustainable, lively and neighbourly environments.   
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Chapter 1: Introduction 

1.1. Motivation and research background 

As part of the current trend for sustainable development in response to global climate 

change and energy consumption issues from the transport aspect, there has been 

considerable research focusing on the relationship between urban form and travel 

activity during the past two decades in Western scholarship. For example, see Aditjandra 

et al (2012b); Cervero (1996); Cervero & Duncan (2006); Cervero & Kockelman (1997); 

Dieleman et al (2002); Duany et al (2010); Giles-Corti et al (2013); Handy et al (2002); 

(2008); Kaza (2020); Krizek (2001; 2003c); Lang et al (2020); Rutherford et al (1996);

Speck (2012); Stead & Marshall (2001). What is more, a substantial amount of research 

supports that mixed land use (both in density and variety aspect) is a crucial feature 

linked to sustainable (i.e. low carbon) travel activity, and which can successfully 

encourage people to walk or bike (e.g. Banister et al, 1997; Burton, 2000; Campoli, 

2012; Howley, 2009; McCormack et al, 2001; Neuman, 2005). 

Despite the claim mentioned above, when it comes to Taiwan’s current transport issue, 

residents living in urban areas still rely heavily on private, motorised vehicles, even 

though both the density and variety of mixed land use are high in those places. Indeed in 

2013, Taiwan was reported as having the highest rate of private vehicle ownership 

(chiefly automobiles and mopeds) out of the world’s main developed countries, with 939 

vehicles per thousand people, while the density of such vehicles was ranked second with 

600 vehicles per square kilometre (Department of Budget, Accounting and Statistics, New 

Taipei City Government, 2013)1. Furthermore, private vehicles not only represent the 

main transport mode for Taiwanese citizens, but are favoured to a significant degree, 

with a mode share of 71.3%2 (The Department of Statistics, 2015b).  

For research purposes, Taiwan has been categorised as a compact city (e.g. Lin & Yang, 

2006; Yeh et al, 2003; Tsai, 2009), suggesting that high rates of mixed land use are 

1 The main developed countries include the USA, Japan, the UK, Germany, Italy, South Korea, Singapore, 

and Hong Kong. The density of private vehicle ownership per square kilometre is only less than that in 

Singapore, but the density of moped ownership is ranked first at 410 per square kilometres.   

2 71.3% is composed of  46.5% of moped and 24.8% of automobile for all transport purpose from  
Taiwanese residents.
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common there (Lin & Yang, 2006; Chen, 1989). Another indicator of this phenomenon is 

the fact that for average density of convenience stores, one of the criterion for evaluating 

degrees of compactness or mixed land use (Lee & Moudon, 2006; Tsai et al, 2011), Taiwan 

was ranked number one in the world with about 4 stores per square kilometre, equating 

to one store for every 2,300 people (Department of Statistics, 2015a; National Fair Trade 

Commission, 2014). Despite this, however, and in contrast to theories linking mixed land 

use with more sustainable travel modes, it is common for Taiwanese people to ride 

mopeds to convenience stores located on the same block within 10 minute-walk-distance 

of their dwelling. This behaviour is corroborated by Lin 's collaborated studies (2006; 2009; 

2011), all of which reveal that in areas of Taipei City where  land use is more varied, the 

mode share of private vehicles is nevertheless higher than in other areas of the city which 

have less balanced mixed land use.  

Within the literature concerning the effect of land use characteristics on travel patterns, 

there is some evidence which raises the possibility that the influence of mixed land use 

on travel behaviour may not be as strong or as straightforward as has been suggested in 

previous research (Maat et al, 2005; Mokhtarian & Cao, 2008). Moreover, Jacobs (1961), 

Moudon et al (2002) and Speck (2012) all point out that mixed land use is a necessary but 

insufficient factor for an area being either sustainable or lively, and equally important is 

the connection combining appropriately with other factors of urban form, such as street 

type, block scale and building fabric, before it can be described in this way. Speck 

particularly contends that pedestrian-friendly environments are only created when the 

built environment satisfies the four conditions of being useful, interesting, safe and 

comfortable (ibid.). As the fundamental element of an area being useful and interesting 

is that it is made up of mixed land use, so the urban environment in Taiwan might basically 

be described in this way (i.e. useful and interesting). In terms of the urban fabric which 

ties or connects the streets and buildings together, however, Taiwan’s cities have not 

been shaped into spaces that are sufficiently safe and comfortable to encourage higher 

rates of walking or cycling. 

Illustrating this point, the walking spaces in Taiwan’s urban areas which have been 

designed as such (e.g. pavements and arcades) are more often than not occupied by 

parked cars or motor scooters, and in some places there are no purpose-designed walking 

spaces at all (Hsia et al, 2009). This means that the pedestrians in those environments 

have to contend for their walking space rights not only with parked vehicles, but also with 
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those in motion on the street. It may be that the lack of the two conditions of safety and 

comfort is the main reason still rendering Taiwan a vehicle-oriented country despite its 

high density mixed land use. Thus, because Taiwan does evidence high density mixed land 

use and because pedestrians are nevertheless prohibited from getting around the 

country’s urban areas with ease, this study suggests that the main prohibiting factor 

relates to how urban form is manipulated so as to connect the different types of land use 

within a given area, and further that the crucial point affecting the degree to which people 

choose sustainable travel modes is how the urban form as a whole is constituted - the 

type of city fabric connecting different instances of land use.  

1.1.1. The idea of connection: interface space 

Following this, the thesis defines this connection or so-called fabric by Speck (2012) as an 

interface, which is between different elements of urban form and used to connect each 

element. To illustrate this, the red rectangular solids marked in Figure 1.1-1 show both 

the positions and the possible types of transitional spaces (i.e. interfaces), which connect 

Figure 1.1-1 The illustration of the concept of interfaces and possible types 
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buildings and streets. Moreover, the interface spaces can be further divided into three 

categories: between building and street (red), between building and building (blue), and 

between street and street (purple).  

For example, awnings, canopies, galleries and arcades are the common types found 

within the interface spaces between buildings and streets; private walkways and mews 

are usually found within the interfaces between buildings, whilst medians, midblock 

crosswalk and crossover bridges are possible types which could be found within the 

interface spaces between streets.  

Moreover, some researchers focus on the influence of interfaces on travel activity, and 

claim that a good setback (one type of interface) can create an interesting pedestrian 

environment (Handy, 1996b; Appleyard, 1980; Gehl 2011). For example, in Handy 

(1996b)'s words, "better links between the private space of buildings and public space of 

the street encourage more street activity and make for a more interesting pedestrian 

environment (p.136).”  Besides this, Handy et al (2002) suggest that an interconnected 

network of streets, pavements and pedestrian paths will increase walking and deter 

driving. Hence, this research concludes that this buffer space between buildings and 

streets is an important space in terms of encouraging walking behaviour.  

On top of this, some researchers claim the importance of an appropriate connection 

between different elements and different land uses. For example, pavements are 

regarded as a positive factor in encouraging pedestrian behaviour.  However, Jacobs 

(1961: p.10) argued, "A city pavement by itself is nothing. ... It means something only in 

conjunction with the buildings and other uses that border it, or border other pavements 

very near it." Likewise, Moudon et al (2002) exemplify that the pedestrian infrastructure 

deficiency will deter people from walking, but its presence will not attract pedestrians 

unless it connects appropriate origins and destinations. In this sense, pavements are 

meaningless unless they are used and linked properly to buildings or other spaces.  

In addition, this thesis further elucidates this idea through a diagram and phenomena 

observed through personal experience. There are four scenarios illustrated in Figure 1.1-2 

to demonstrate how the different interfaces or connection types between settlements 

and parking spaces affect residents’ mode choice. This example is under the premise that 
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the trip distance is on neighbourhood scale, and walking is mainly affected by the distance 

to parking due to interface types as minimising travel time is a human nature. 

Arguably speaking, residents in Type 1 tend to go down to the parking space directly by 

lifts, and then leave home easily by driving private vehicles. But in Type 4, the residents 

face choices: walk to the parking space, then go to the destination by car; or just go to 

the destination directly on foot. If the distance from the destination is almost as long as 

that between parking space and dwelling, people might prefer walking to driving. In this 

sense, Type 4 might encourage more walking trips, followed by Type 3 and Type 2 in order. 

Therefore, these four types reveal that there is a correlation between interface types and 

mode choice.   

1.1.2. The missing part of urban form in travel activity research 

Amongst the urban form elements, i.e. building type, street type and interface type, 

interface type between public and private space plays an especially vital role in a human’s 

daily activity (Dovey & Wood, 2015; Gehl 2011; Hess, 2008; Kamalipour, 2016). Interface 

space has been a particular concern in urban design and social activity related research 

(Dovey & Wood 2015). However, the discussion on the relationship between interface 

space and travel activity is either missing from or only beginning to be introduced into 

most related research (Speck, 2012: p.144).  

Figure 1.1-2 The concept of four interface (or connection) types 
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Despite the importance and influence of interfaces on travel patterns claimed by the 

mentioned studies above, this thesis found that there are relatively less studies focusing 

on the characteristics and types of interfaces, and consequently, scarcer research paying 

attention to the relationship between interface types and travel patterns compared to 

other characteristics of urban form, such as mixed land use, street network, 

neighbourhood type etc., which have been examined by many studies (for details refer 

to  Chapter 2, and Table 2.1-1). 

Likewise, in the Taiwanese research on the relationship between urban form and travel 

activity, urban form variables used are mostly quantitative indicators; for example, they 

mainly examine the indicators related to density and to mixed land use, and also the 

measurements of pavements (e.g. Lin et al, 2011; Lin & Chang, 2008; 2010). However, 

these variables cannot neither demonstrate the morphological or typological 

characteristics of urban form elements nor explain how varied appearances of form 

elements affect travel activity. What is more, morphological research is not popular 

compared to other urban subjects (such as disaster prevention, green architecture and 

heritage conservation) in Taiwanese urban or architecture-related journals (for evidence, 

refer to Section 3.1). There is no comprehensive research on Taiwanese urban 

morphology, and, based on that fact, the research on the relationship between urban 

form and travel activity is scarce too. Therefore, establishing a complete urban form 

catalogue is the first step and prime objective for this research to contribute to the 

omission in current Taiwanese morphological academia, and further identifying the urban 

form types with their travel activity characteristics to recognise which form types are 

more favourable in terms of creating a sustainable or lively environment is a secondary 

aim.  

Not only is there a scarcity of research linking interface space to travel behaviour, but 

most studies do not recognise the interface as an efficacious element of overall urban 

design at all, either classifying it as a part of the street system or merely as an aesthetically 

pleasing extra. This latter type of research focuses more on pedestrian facilities (e.g. Lin 

& Chang 2010; Cambridge Systematics & Deakin 1994; Cervero & Kockelman 1997; 

Kitamura et al, 1997) rather than regarding them as integral factors. In other words, 

because the concept of interface has not hitherto been widely regarded as a complete 

and independent component of urban form, it has become subsumed under and 

scattered around different variables. As a result, the subtler details of different interface 
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types have been left unanalysed and not yet categorised (Dovey & Wood, 2015). 

Furthermore, and the question ‘how do the characteristics of different interface types 

affect pedestrian activity?’ has not had the deeper discussion and further development it 

perhaps deserves, leaving an obvious area for further research (Bobić, 2004). This evident 

gap provides further motivation for this study to especially explore interface type, for its 

importance and potential as an influential factor on travel activity.  

Hence, this thesis assumes that perhaps this interface type, which has less discussion 

devoted to it in the literature, could be an answer to the issue of high density and 

compactness of mixed land use with high vehicle dependence in Taiwan. The interface 

types will be discussed and categorised to complement the scarcity of the related 

research area. Therefore, it is undoubtedly worth focusing the study object on the 

interface type owing to the lack of knowledge of this variable, and also its importance to 

the issue of high private vehicle use in Taiwan. 

1.1.3. The definition of travel activity 

This thesis defines travel activity as a synthesis of travel behaviour and outdoor activity, 

involving partial transport and partial sociality. This is because two subjects related to 

travel and activity that this research studies and focuses on are mode choice (as one of 

the common variables of travel behaviour research) and walking behaviour (an important 

subject both in travel behaviour and social activity research).  

Walking behaviour is focused on due to its two main characteristics. As one mode of 

travelling, walking is a key factor to sustainable development from the transport aspect: 

lower transport energy consumption and lower carbon emissions (e.g. Cervero et al, 2009; 

Forsyth et al, 2009; Handy et al, 2006). On the other hand, as one type of outdoor activity 

(strolling or recreational walking), walking indeed brings healthier and more active 

lifestyles to neighbourhoods or cities (Gehl, 2011; Giles-Corti et al, 2009; Jacobs, 1961; 

Speck, 2012). Besides this, the effects of subtle changing of the environment or the 

aesthetic appeal of a streetscape is more significant in walking behaviour than in driving 

behaviour, which is basically treated as derived-demand journey by most related research 

(Cao et al, 2009; Handy et al, 2002).  
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To illustrate this, transport or travel itself is a derived demand but not a purpose. On the 

contrary, in terms of activity, the journey itself could be part of the purpose, for example: 

walking dogs and strolling for relaxing. Related to that, most research studying travel 

behaviour focuses more on the variables, namely transport modes, frequency, Vehicle 

Miles Travelled (VMT), Vehicle Hours Travelled (VHT), etc. rather than the process of the 

journey itself (e.g. Bartholomew & Ewing, 2009; Cao et al, 2009; Cervero & Duncan, 2006; 

Lin & Yu, 2011). By contrast, the study on social activity emphasises the importance of 

micro-spatial urban design and the influence of interface where the activity occurs or has 

been through (e.g. Gehl, 1986; 2011; Dovey & Wood, 2015). Therefore, only urban form 

types can play a vital role in this thesis when walking behaviour has more weight than 

other travel activity variables. After all, urban forms are the primary objects whilst their 

related travel activity pattern is regarded as the additional value helping the thesis give 

the urban form types some personality; for example, favourable and sustainable types, 

or unfavourable and unsustainable types.   

The research uses the term ‘travel activity’ instead of ‘activity-travel behaviour’, which is 

used in Wang et al (2011) to discuss some travel behaviour variables (car ownership and 

travel frequency) and outdoor activities, such as housework, sports and social activities. 

That is because the meaning of activity is broader than travel behaviour since travel 

behaviour is one type of activity (necessary activity) yet activity includes transport and 

other optional, social outdoor activities as Gehl (2011) defines. In Gehl (2011)’s 

classification, walking behaviour could be a necessary activity when it is a mode of 

transport to complete a journey, or it could be an optional or social activity when the 

environment is favourable. Having said that, what the research is more concerned with is 

the contribution to the current research trend of sustainable development: how the 

environment could encourage people to choose walk for travelling and give up using 

private vehicles for a walkable distance. Therefore, travel activity discussed in this 

Figure 1.1-3 The concept of research area and focus 
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research mostly refers to walking which is a travel method but also an activity. Following 

this, Figure 1.1-3 shows the concept of travel activity and the research area and focus 

(compared to the other key research). 

Nevertheless, this research still discusses outdoor activity including use of front space in 

order to verify the discourse about the positive relationship between outdoor activities 

and walking behaviour. In other words: the more outdoor activities, or more use of or 

time spent in the front space, the more walking activity will be induced, claimed or stated 

by Alexander et al (1977: p.562), Brown et al (1998), Gehl (2011) and Hess (2008). For 

examples, Alexander et al (1977) explain that people prefer an ambiguous in-between 

realm, where they naturally pass onto often as part of their ordinary life within the house, 

and then they can drift naturally to the outside and increase the chance of walking. In 

addition, Brown et al (1998) claim there is a close relationship between neighbourhood 

activities and porches, where residents seated could face the street, and talk to 

neighbours from their porches, and pedestrians are frequently on the street in such areas. 

What is more, they recognise the most important function of porches is, “as one of many 

design techniques to revive neighbourhoods, induce walking, and decrease dependence 

on the car (p.580).” These claims literally support this thesis’s assertion that interface 

types are related to travel activity, encouraging pedestrian behaviour and reducing 

vehicle trips.  

Figure 1.1-4 depicts the theory about the relationship between outdoor activity and 

walking behaviour, which is essentially built on Gehl (1986; 2011)’s discourse on the 

correlation between semi-private outdoor activity (ordinary domestic activity he defines) 

and travel behaviour (for details about his research, refer to Section 2.2.4). When 

residents use the front space more frequently and for longer (even only doing ordinary 

domestic tasks), the more likely they want to go out to do doings or the opportunity of 

social contact with neighbours or with pedestrians passing by is increased (because they 

can see people and be seen by people in the front space more or less). As Gehl (2011: 

p.120) describes, “if the facilities are provided for bringing ordinary domestic activities […]

out on the public side of the residences, life between buildings can be substantially 

enriched.” Consequently, the amount and variety of outdoor activates become more, and 

this creates an interesting and safe environment which further invites and encourages 

people to walk as ‘people come where people are’ (Gehl, 1986: p.97). This also 

corresponds to Cao et al (2009a)’s suggestion that pedestrian-friendly and social 
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environments are positively associated with walking trip frequency by making it more 

comfortable and pleasant. Moreover, for example, Jacobs (1961) and Gehl (2011) claim 

that a lively street life is associated with reduced vehicular traffic and reduced crime and 

vandalism by “street watching”.  More walking and outdoor activity reshape the 

environment into a more pedestrian-friendly environment which causes less driving in 

two ways: people are more willing to walk and enjoy the walking environment, or, the 

driving lanes become narrower or the slower speed limit makes it difficult for people to 

drive and they have no choice but give up driving. Finally, the lower volume of traffic 

reforms the environment to make it even more interesting and safer for pedestrians. 

Outdoor activity or the use pattern of front space may not be able to affect walking 

behaviour (or driving) directly, but it can gradually affect residents’ walking/driving 

preference or habit by offering a good quality of outdoor space (especially semi-private 

front space) to attract more outdoor activities. Therefore this research expects to both 

discover more about the relationship between interface and travel activity by studying 

interface type to link the characteristics between outdoor social activity and travel 

behaviour, and also to engender a new interpretation of the relationship between 

outdoor activity and travel behaviour in the specific context of urban environments in 

Taiwan as these notions are not statistically proved yet. Having said that, the main 

research subject is not outdoor activity itself, but its correlation to travel behaviour 

(especially to walking). 

Figure 1.1-4 The correlations between outdoor activity and travel behaviour 
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1.2. Research questions and objectives 

The key research objective in this thesis is to understand the urban form in Taiwan, and 

establish a systematic and adoptable method to record and classify the current form 

types, so that the recognised form types could be analysed with other subjects and 

applied to different research areas. Therefore, the prime research questions are: 

• What are the representative urban form types peculiar to Taiwan, including

building types, street types, and particularly interface types, as a key to

understand the current urban grain?

• How is it possible to be accurate and systematic to categorise the existing urban

form elements, particularly recognising the interface types between buildings

and streets?

In addition, this thesis further analyses the classified form data with their related travel 

activity data (mode choice and walking behaviour) to understand the relationship 

between urban form types and travel activity, which has been a popular research subject 

in transport or public life-related studies. Moreover, the thesis particularly focuses on the 

analyses related to interface types due to both its importance of studying public lives and 

also its omission in the literature. Besides this, by understanding the relationship 

between interface space and travel activity (especially walking behaviour), this thesis can 

verify the statement about the positive correlation between use of interface space and 

walking behaviour more scientifically than other previously published studies. 

Corresponding to the objectives mentioned above, the research questions related to 

travel activity are: 

• How are the identified urban form types associated with travel activity (mode

choice and walking behaviour)? For example, what kind of urban form types are

related to sustainable mode choice and sociable activities (e.g. walking)?

Furthermore, will the use pattern of interface space (especially front door space,

the most important area in interface space) affect walking behaviour as some

existing studies claim?

The research questions are in order to both incorporate the unusually wide variety of 

interface types between buildings and streets, and also to recognise and identify which 

combination of these urban form elements (especially interface types) is most likely to 

lead to sustainable travel activity or an activity-friendly neighbourhood. 
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1.3. The focus of the research 

1.3.1. Interface types: building (private area) vs. street (public area) 

According to the definition of interface space, it can be divided into three parts: building 

to building, building to street, and street to street. This research has focused on the 

interface space between building and street more than that between street and street 

(purely public space). That is because the appearance or types of private area can be 

designed by the residents rather than only according to government plans. Moreover, 

that transition area might affects residents’ outdoor activity pattern as it is the immediate 

space people face when they are out of their houses. This research expects that the 

research results could encourage people to improve the quality of their front yards, or 

front interface spaces voluntarily, in order to create pedestrian-friendly environments or 

better neighbourhoods by themselves instead of overly relying on an improvement in 

government policy. This idea is also similar to the trend that Taipei city government has 

been promoting: improving the quality of neighbourhood traffic by starting from the front 

doorway of every household (for details refer to Section 2.3.3.2, or Neighbourhood Traffic 

Environment Improvement Project, 2015).      

1.3.2. Research scale: micro (resident), neighbourhood, macro (region) 

The study area was selected by aggregate regional properties, i.e., an overview of its 

population, density and transport infrastructure at district level. Nevertheless, in terms 

of fieldwork observation and data analyses on both sides of urban form and travel activity, 

the basic unit considered is at the micro-scale; that is, an individual resident’s dwelling 

(building type and interface type) and individual resident’s mode choice and walking 

characteristics. Of course, neighbourhood design (including land use type and location, 

open space layout, and street system etc.) likely impact an individual resident’s mode 

choice as well, and “neighbourhood” has been a common observation unit associated 

with the topics of a healthy, safe, and sustainable environment (Talen & Koschinsky, 

2014). In this sense, the thesis also discusses the aggregate residents’ travel data at the 

neighbourhood level. However, according to the reasons explained above: achievement 

of a successful neighbourhood design still needs to work in conjunction with the 

government’s plan (for example, residents cannot decide the width of the road or the 

proportion of pavement). That is, the research scale basically focuses on the micro (or 

individual) scale rather than the neighbourhood scale, and less on a regional level. 
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1.3.3. Mode purpose: errands trip vs. work (or school) trip3 

Going to work (or school) by walking might not be useful for most people according to 

the report from the Department of Transportation, Taipei City Government (2014). The 

report shows that about 50% of commuters live in different districts from their workplace 

or school (including 20% of them who live in different city or county); in other words, it is 

not practical or useful (the first factor to make walking possible suggested by Speck, 2012) 

for most residents to walk to work or school. In this case, using private vehicles might be 

the most efficient way; that is why more than 55% of commuters chose private vehicles 

as their main transport mode in the Taipei city government report. Hence, the 

determinant on mode choice might be travel time or travel cost, instead of the built 

environment people perceive during work trips.  

Moreover, finding a job near a residence would be more difficult than conducting daily 

errand trips within a neighbourhood, because providing a job opportunity is much more 

related to and decided by a government’s master plans, which is not the concern of this 

thesis. On the contrary, in Taiwan, due to the cultural and political background, 

commercial and residential land mix is prevalent, and most neighbourhood-scale 

commercial services can basically provide daily and essential services for residents. What 

is more, from the perspective of the literature, the quality of the environment has more 

potential to affect people’s mode choice and also explains the greater variation in non-

work trips compared to work ones (Boarnet & Crane, 2001a; Cao et al, 2009a; b). Because 

not only is a work trip a derived-demand perspective, which is too narrow for 

understanding walking behaviour, but also travel time is the most significant predictor of 

mode choice for work trips (Handy et al, 2002).  That is, in the current neighbourhood 

condition, walking to do errands trips could be useful, therefore errand trip is more likely 

to have further discussion of the influence of environmental conditions (like safety, 

comfort, attractiveness) on mode choice than work trip.   

3 Sometimes the thesis only uses work trip (leaves out school trip) to represent the trip to work or school. 
It is because for keeping the socio-economical variable constant, the investigation object must be aged 

over 18, eligible to have driving licence. As a result, most travel questionnaire respondents are not 

students, if there are, they are college students.     



14 

1.3.4. Transport mode: sustainable (green transport: walk, bike, transit) vs. 

unsustainable (private vehicle: car, moped) 

Although the earlier research appears more interested in car trips (Banister, 1993; Frank 

& Pivo, 1994; Handy, 1998), especially in terms of transport planning, the trip of non-

private vehicle (or non-motorised use by Cao et al, 2009a) has been paid increasing 

attention by recent researchers because of the severe problem of carbon emissions and 

energy consumption (Cervero & Duncan, 2003; Cervero et al, 2009; Forsyth et al, 2009; 

Handy et al, 2006; Huang et al, 2019; Kaza, 2020; Saelens et al, 2003; Suminski et al,

2005). Hence, this thesis focuses more on sustainable modes than private vehicles. The 

definitions of sustainable and unsustainable transport, private and non-private vehicles 

are adopted from Taiwan’s government report (Ministry of Transportation and 

Communication, 2015b).  

• Sustainable transport (or green transport): broadly includes non-vehicle and
public transport, such transport modes cause low or zero pollution in terms of
environmental sustainability.

• Non-vehicle (or non-private vehicle): walking and biking.

• Private vehicle: moped and automobile car (for personal use).

• Public transport (or transit): Mass Rapid Transit (MRT), bus, coach, taxi, train, high
speed rail, ferry, and aeroplane.

Therefore, the term 'sustainable travel behaviour' used in this thesis includes walking, 

biking and using public transport, whilst the term 'unsustainable travel behaviour' 

means private vehicle mode: moped and car. 

Furthermore, in terms of sustainable transport mode, the research focuses on walking 

behaviour rather than biking or transit due to the significant benefits of walking. Walking 

could not only contribute to urban vitality, but also benefit a city in economic, 

epidemiological, and environmental aspects (Speck, 2012). For example, walking can 

increase the social interaction between residents to create a safer and more liveable 

neighbourhood, or make people healthier, or reduce private vehicle use to make the 

environment more sustainable (Gehl, 2013; Jacobs, 1961; Speck, 2012).  
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1.3.5. Clarification of typological, morphological and typo-morphological approaches 

used in the research 

As Bobić (2004: p.69) argues, “the understanding of typology and typologisation in 

morphological studies is varied”; that is, there are somewhat ambiguous lines among 

typology, morphology and even typo-morphology. Larkham (1998) and Larkham & 

Jones (1991) even define them as a glossary of urban form since the definitions of them 

have overlaps from different schools or disciplines. Therefore, there is a need to clarify 

which approaches this thesis is based on.  

In terms of definitions, morphology is used to study a form which can be deconstructed 

to individual basic elements (archetypes) from a part to the whole, whereby Gu (2001) 

defines morphology as the discipline studying the process of description and deduction. 

Likewise, Larkham (1998) simply defines urban morphology is the study of urban form, 

which can be deconstructed to buildings, streets, open spaces and land use identified by 

most of the research (Chen & Thwaites, 2013; Larkham, 1998; Moudon, 1994). However, 

typology is defined by Bobić (2004: p.70) as studies concerning one physical entity (as an 

archetype mentioned above) and one level of scale or function. Related to that, typology 

is usually used to study building types whilst morphology is used to study urban forms as 

recognised by most research as urban morphology and building (or architectural) 

typology (e.g. Boast & Steadman, 1987; Larkham, 1998; Li, 2015; Moudon, 1994).  

Having said that, typo-morphology is identified as an in-between study of typology and 

morphology by Moudon (1994), who is arguably regarded as the advocate thereof (e.g. 

by Bobić, 2004; Chen & Thwaites, 2013). More precisely, in terms of research coverage, 

she identifies that typo-morphology studies the physical and spatial structure of cities 

and describes urban form (morphological part) based on detailed classifications of 

building types and open space types (typological part), and would further offer a rich 

database on forms and form-making process. In terms of research scale, she claims that 

typo-morphology considers all scales of the built environment from micro-spatial to 

regional areas. That is, typo-morphology encompasses all the strengths and 

characteristics of morphology and typology as Bobić (2004: p.70) writes, “typo-

morphology reflects the fact that morphology and type cannot be separated, nor can one 

term be dominant over the other.” Following these, typo-morphology is regarded as a 

powerful tool which can be applied to urban form analysis and urban design practice 
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(Gokcea & Chenb, 2016; Li, 2015; Zhang, 2016); for example, the coding system (Samuels, 

2008). 

Related to the wide coverage and application of typo-morphology, it corresponds to and 

can demonstrate the characteristics of interface as interface is a transition overlapping 

between private and public domains, where the scale can be from rooms, gardens, to the 

street, and to the neighbourhoods as Gokcea & Chenb (2016) and Moudon (1994) define.  

Therefore, in terms of the research framework of studying urban form in Taiwan, this 

thesis is based on urban morphology, which studies the urban tissue through 

deconstructing it into elements, and re-constructing the elements in a logical order to 

read and understand the relationships between different elements of urban form, and 

the relationship between travel activities and different scales of environmental settings. 

However, as far as classifications of urban form types (especially interface types) are 

concerned, the descriptions of the identified form types are based on typo-morphology 

as Moudon (1994) claims that this can define groups or families of similar specimen, 

which yields elements that are common to all.  

 

1.4. The structure of the study 

Following the entire introduction, the rest of the chapters of this thesis are thus 

structured as outlined below, and as graphically presented in Figure 1.4-1. 

• Chapter 2: reviewing studies about the relationship between urban form and 

travel behaviour over two decades. A summary and comparisons of the 

importance, debate, commonly used approaches and variables of the associated 

research from Western and Taiwanese research.  Identifying gaps in the literature 

as a potential for or contribution to the thesis.  

• Chapter 3-4: reviewing urban morphological and typological studies to define the 

constitution of urban form in order to both comprehend the types and details of 

urban form elements, and also establish the investigation methodologies and 

recording list for fieldwork. The definitions, classifications (or categories) of 

buildings, open spaces, and streets are enumerated in Chapter 3, whilst those of 

interfaces are enumerated in Chapter 4. 
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• Chapter 5: establishing research design and methodology. The investigation 

methods are introduced through the process from pre-field work (setting up a 

system), during fieldwork (collecting data) to post fieldwork (analysing data). The 

theoretical literatures of cluster methods (especially K-Means), Chi-square test 

and discriminant analysis are also explicated.   

• Chapter 6-8: revealing the processes of classifications and cluster results (Chapter 

6) and presenting the final types of buildings and streets (Chapter 7), and 

interfaces (Chapter 8). The catalogues of the final urban form types (especially 

interface types) identified by this thesis constitute the primary focuses of this 

research: a complete and elaborated morphological catalogue of current urban 

interface appearance in the study area in Taipei.  

• Chapter 9-10: presenting the basic descriptive statistical results of travel pattern 

and revealing the relationships between urban form types and travel activities in 

the study area by Chi-square tests. The analyses and results related to building 

types and street types are elaborated on in Chapter 9, whilst those of interface 

types are introduced in Chapter 10. In addition to mode choice and walking 

behaviour, discriminate analysis is used to find the correlation between use of 

front space and travel activities. Moreover, this thesis discusses the relationship 

between interface types and travel activities at both the individual and 

neighbourhood level to determine the favourable and unfavourable interface 

types.  

• Chapter 11: summarising the key literature reviews, and concluding the key 

arguments and contributions of this thesis from research methods and research 

findings. Following these, suggestions for related policies and for future research 

are also made by this thesis.  
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Figure 1.4-1 The research structure
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Chapter 2: Studies about the relationship between urban form and travel 

activity 

There are several purposes of this review chapter: to understand the debate (support or 

argument) surrounding the relationship between urban form and travel activity to 

motivate this thesis; to confirm the importance and contributions of this thesis and to 

establish a theory on the relationship between urban form and travel activity in Taiwan 

in this thesis. In addition, the literature review can also help this thesis to decide on what 

variables of urban form and travel activity are employed in the analyses. Therefore, this 

thesis reviews the studies on the relationship between urban form and travel activity, 

including the common approaches and variables employed in them over the last two 

decades (Section 2.1). Four key studies, which are highly related to this thesis, are 

introduced in Section 2.2, whilst Taiwanese research and transport-related policies are 

reviewed in Section 2.3.  

2.1. Comparisons of studies on the relationship between urban form and travel 

activity over the last two decades 

2.1.1. General debate 

There has been considerable research showing interest in the relationship between urban 

form and travel activity - travel behaviour and outdoor social activity - over the last two 

decades, particularly in Western academia. The research studying the relationship 

between urban form and travel behaviour (e.g. Cao et al, 2009a; Cervero & Duncan, 

2006; Cervero & Kockelman, 1997; Ewing & Cervero, 2001; Ewing & Cervero, 2010; 

Handy, 1998; Handy et al, 2002; Huang et al, 2019; Lang et al, 2020; Lin & Yang, 2009; 

Stead & Marshall, 2001), is related to an increasingly significant trend of reducing carbon 

emissions not only as a target in achieving sustainable development but also as a 

resolution in response to global climate change (Hickman et al, 2013). Related to this, 

Marshall (2005) claims that characteristics of urban form (e.g. mixed land use, street 

network, etc.) could be manipulated to reduce the demand for vehicle trips, and 

encourage environmentally-friendly modes of transport, such as public transport, 

walking and cycling, which may also bring about health benefits. In this way, it might be 

possible to reduce carbon emissions from transport by bringing origins and destinations 

closer together, connecting public facilities and dwellings well and creating a walkable 

environment (Burton, 2000; Howley, 2009; Neuman, 2005; Speck, 2013). 
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The studies on the urban form and outdoor social activities (e.g. Gehl, 2011; Gehl & Svarre, 

2013; Jacobs, 1961; Kitahara, 2003; Remali et al, 2015; Zhang & Lawson, 2009), emphasise 

the importance of urban setting, especially the design and quality of micro-spatial spaces, 

where the outdoor social activity occurs or has been through. Moreover, they reveal that 

the diversity and amount of social activities are highly related to the characteristics of 

urban form, and a well-designed urban form leads to a healthy and lively city.  

Given the importance and impact of urban form on travel activity, this thesis reviews the 

studies associated with the relationship between urban form (built environment) and 

travel activity to bring together the variables employed or factors discussed commonly in 

urban form field and travel activity field over the last twenty years. Table 2.1-14 shows 

the variables or factors of urban form as well as other factors (socio-economic, self-

selection and attitude), which are analysed or discussed with travel activity. In addition 

to urban form, socio-economic variables (Chen, 2020; Dieleman et al, 2002; Schwanen &

Mokhtarian, 1998; Stead, 2001) and self-selection variables (Cao et al, 2009b; Handy, 

2005; Mokhtarian & Cao, 2008) are both widely regarded as the other determinant 

factors most likely to influence travel patterns. Moreover, some studies even argue that 

the influence on travel patterns is greater from attitude and self-selection than from 

urban form characteristics, such as land use or neighbourhood types (Kitamura et al, 

1997; Schwanen & Mokhtarian, 2005; 2007), whilst some research finds the power of 

attitudes towards travel is more influential than the socio-economic variables 

(Mokhtarian et al, 2001). 

Nevertheless, based on the research objectives mentioned in Chapter 1, this thesis does 

not intend to prove that urban form characteristics influence travel activity more than 

other factors do. On the contrary, the thesis simply discusses the relationship between 

urban form types (especially interface type) and travel activity within the research 

framework for understanding urban issues, particularly the characteristics of travel 

activity which are related to the established and recognised urban form categories in 

Taiwan. Hence, this literature review focuses on the debate or variables which are 

discussed or employed in urban form-related studies.  

4  This table is a simplified version, for the complete references, refer to Appendix 2.1. 
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Table 2.1-1 Variables of Travel Behaviour: Urban Form Socio-economics and Attitude and the studies using these variables 

●Others ●Gehl ●Hess ●Ewing et al ●Cervero et
al ●Krizek ●Handy et al ●Taiwan 

Travel activity 

Activity Travel behaviour 

Type, 
Frequency, 

Duration 
Distance 

Frequ-
ency 

Mode 
Choice 

Vehicle 
Miles 

Travelled 
(VMT) 

Vehicle 
Hours 

Travelled 
(VHT) 

Purpose 
Travel 
Time 

Trip 
Genera-

tion 

Person 
Miles 

Travelled 
(PMT) 

Energy 
Consum-

ption 

Urban 
Form 

La
n

d
 U

se
 

Mixed Land Use ● 

●●●●●●
●●●● 

●● 

●●●●●
●●●●●
●●●●●
●●● 

●●●●●● ●●● 
●●●●●●
●●● 

●●●●● ●●● ●●● 

Mixed Use Development 

Residential Density 

Job-Ratio (Job-Housing Balance) 

Mix-Housing and Retail 

Density 
Population 
Employment 

●●●●●● ● 
●●●●●
● 

●●● ● ●●●● ● ●● ● 

La
yo

u
t 

Distance from the Urban Centre ● 

●●●●●●
●●●●●●
●● 

●●●●●
●●●●●
●●● 

● ●● 
●●●●●
●● 

● ● 

Distance from the Local Facilities 

Distance from Shops 

Proximity to Main Transport 
Network 

Building Type 
Shape, Height, 
Materials, Function 

●● 
● ● 

Open Space 
Gardens, Parking 
Space 

●● 
● 

Interface ● 

Block Size ● ●●● 

Settlement Size ● ●● ● ● 

Pedestrian Accessibility ● ● ● ●
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●Others ●Gehl ●Hess ●Ewing et al ●Cervero et
al ●Krizek ●Handy et al ●Taiwan 

Travel activity 

Activity Travel behaviour 

Type, 
Frequency, 

Duration 
Distance 

Frequ-
ency 

Mode 
Choice 

Vehicle 
Miles 

Travelled 
(VMT) 

Vehicle 
Hours 

Travelled 
(VHT) 

Purpose 
Travel 
Time 

Trip 
Genera-

tion 

Person 
Miles 

Travelled 
(PMT) 

Energy 
Consum-

ption 

Street 
System 

Connectivity, 
Pavement System, 
Intersection 

●●● 
● 

●●●●●
● 

●● ● 

Aesthetics Planting 
●●● 

●●● ●● 
●●●●●
●●●●●
● 

●● ● ●●● ●● ● 

Neighbourhood Type/Neighbourhood 
Accessibility 

●● 
●●●● 

●●●●●●
● 

●●●●●●
●●●●● 

●●●●●● ● 
●●●●●●●
●● 

●●● ● ●● 

So
ci

o
-E

co
n

o
m

ic
s 

Individual 

Gender, Ethnicity, Age, 
Employment Status, 
Possession of Driving 
Licences 

●●●●●●
●●●●● 

●●●●●
●●●●●
● 

●●●● ●●●● 
●●●●●●
● 

●●●● ●●●● 

H
o

u
se

h
o

ld
 

Household Size, Composition, 
Socio-Economic/Employment 
Status, Structure, Vehicle 
Ownership, Driving Licence 
Ownership, Annual Income 

● 

●●●●●●
●●●●●●
●●●●●●
●●● 

● 

●●●●●
●●●●●
●●●●●
●●●●●
●●●●●
●●●●●
● 

●●●●●●  ● 

●●●●●●
●●●●●●
●●●●●●
● 

●●●●●
●●●●●
●● 

●●● ●●● ●● 

Attitude/ Preference/ Self-Selection ●● ●● ● ●● ● ●● ●
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According to the reviews of the other factors affecting travel activity, this thesis 

appreciates that not only socio-economic, attitudes towards travel, self-selection, but 

also other factors: culture, weather and regulations (Gehl & Svarre, 2013; Tsukaguchi et 

al, 2007) might be determinant in some cases. Thus, this thesis adopts a method 

commonly employed to hold the factors constant with the aim of minimising the impact 

from socio-economic and other attitudinal factors, so that the variation in travel activity 

patterns can be assumed to be the result of urban form characteristics (Handy, 1996a; b; 

Hess, 1997). Consequently, this thesis selected the study area based on the method which 

has been used by Handy (1996b) and Hess (2008) in that the study areas have similar 

socio-economic profiles, and furthermore similar self-selection and travel preference or 

attitude as criteria for selecting suitable respondents for their travel activity data in order 

to ensure the impact of urban form on travel activity can be measured more accurately. 

2.1.2. Approaches of studying the relationship between urban form and travel activity 

When it comes to research approaches, most researchers studying the relationship 

between urban form and travel activity have similar research frameworks and processes. 

To elaborate on this, firstly, they establish urban form data through re-measuring or re-

calculating second-hand data; for example, measuring the distances from the city centres, 

from shops, from the main transport network through maps (e.g. Boarnet & Crane, 2001a; 

Handy et al, 2002); calculating both population density (e.g. Ewing & Cervero, 2001; Sun 

et al, 2009) and the indicators of mixed land use (e.g. mixed use development in Ewing et 

al 2011; job-housing ratio in Cervero & Duncan, 2006) through existing sources. 

Meanwhile, they obtain the data on travel activity through surveys conducted by 

themselves (e.g. Handy, 2005) or they use some already done by other institutions (e.g. 

Cervero & Duncan, 2006). Afterwards, they analyse the relationship between urban form 

data and travel activity data by quantitative methods, such as regression models (Khattak 

& Rodriguez, 2005; Krizek, 2003b), longitudinal structural equations modelling (SEM) 

(Aditjandra et al, 2012a; Lin & Yang, 2009), etc.  
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Table 2.1-2 The methodology employed by authors studying the relationship between travel behaviour and urban form 

Travel behaviour 

Urban form Distance Mode choice 
Probability of 
modes 

Time VMT Trip generation 

Built environment - 
Regression  
(Lin & Yu, 2011) 

- - - 

Multinomial logit model 
(Lin & Yu, 2011) 

SEM  
(Aditjandra et al, 2012a; 
Lin & Yang, 2009) 

Land use 

Regression 
(Cervero, 1996; 
Stead, 2001; 
Stead, 1999) 

Regression  
(Cervero, 1996) 

Logit model  
(Cervero, 1996) 

Gravity model 
(Cervero, 1989) 

Regression 
(Bartholomew & Ewing, 2009) 

- 
Hierarchical model  
(Bartholomew & Ewing, 2009) Hierarchical model  

(Cervero & Duncan, 2006) Scenarios planning  
(Waygood & Kitamura, 2009) 

Density - 
ANOVA 
(Waygood & Kitamura, 2009) 

- 
ANOVA  
(Waygood & 
Kitamura, 2009) 

Regression  
(Cervero & Duncan, 2006) 

- 

Layout - 
Econometric model  
(Boarnet & Crane, 2001a; 
Cervero & Kockelman, 1997) 

- - - - 

Neighbourhood 
type or accessibility 

- 

Two-stage regression  
(Khattak & Rodriguez, 2005) 

- 
- 

Regression 
(Handy, 2005) 

- 
Regression  
(Cervero & Gorham, 1995; 
Krizek, 2003b) 

Regression  
(Krizek, 2003b) 
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Table 2.1-2 summarises the methods applied by the research to study the relationship 

between urban form and travel behaviour more precisely. The table reveals that most 

methods are quantitative as Cervero & Duncan (2006) found that studies of the 

relationship between urban form and travel behaviour are typically cross-sectional using 

multiple regression or matched-pair approaches to draw statistical inferences. This 

quantitative research digitalises all the information and characteristics from urban form, 

with the view to matching the data on travel patterns by multiple analyses. According to 

that, there is relatively scarce research analysing the qualitative characteristics of urban 

form and combining that with quantitative travel data hitherto. Therefore, this thesis 

employs the approach in which the qualitative characteristics of urban form (e.g. shape, 

style, architectural or landscaping design etc.) are obtained through direct observation 

and recording (the same method as Kamalipour (2016) employs), and then, this research 

quantifies the qualitative form data to match the quantitative data on travel behaviour 

(e.g. mode share, walking frequency and duration). 

2.1.3.  Common approaches and variables of urban form 

Table 2.1-1 reveals the variables of urban form associated with travel activity, which are 

recognised and categorised into twelve prime variables by this thesis, according to the 

literature.  They are land use, density, layout, building type, open space, interface type, 

block size, settlement size, pedestrian accessibility, street system, aesthetics, and 

neighbourhood type (accessibility). Moreover, given Table 2.1-1, Land Use, Layout, and 

Neighbourhood Type have been treated as the most significant features of urban form for 

analysis or discussion of their relationships with travel activity over the last twenty years. 

For example, substantial research studies land use indicators to advocate the benefits of 

mixed land use, whilst some research analyses land use characteristics to argue their 

effects on travel activity. To elaborate on this, Cervero (1989; 1996), Cervero & Duncan 

(2006) and Frank et al (1994) claim that mixed land uses are a signature feature of smart 

growth as they compress travel distances and convert motorised trips to walking, cycling, 

or transit modes. Moreover, they find that mixed land use indicators (e.g. jobs-housing 

balance) indeed reduce vehicle trips. Nevertheless, Crane & Crepeau, (1998) and Snellen 

et al, (2001) find that socio-economic variables explain a larger share of the variation in 
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travel patterns than land use characteristics do. Likewise, Stead (2001) states that the 

variation in travel patterns owes more to socio-economic reasons than to land use 

characteristics although he does agree that land use planning somewhat affects travel 

patterns. 

In addition, a considerable amount of research focuses on neighbourhood type or design 

(e.g. the age or style of development, land use pattern, street system, the presence of 

pavements, etc.) on travel activity as they been identified as influencing mode choice 

(e.g. Cervero & Kockelman 1997; Handy 1996b; Holtzclaw, 1994; Humpel et al, 2004; 

Lang et al, 2020); Larsen et al, 2011; Li et al, 2005; Owen et al, 2004; Wood et al, 2010). 

For example, Aditjandra et al (2012a) identify that when people are exposed to public 

transport access more, they are more likely to drive less, and a social environment with 

vitality also reduces car trips. Moreover, Krizek (2003b) defines neighbourhood 

accessibility as urban form that provides multimodal options for a variety of travel 

purposes, both within and between neighbourhoods, thereby reducing vehicular travel. 

He finds that households change their travel behaviour when exposed to differing urban 

forms and higher neighbourhood accessibility (where neighbourhoods provide more 

accessible mode options) decreases vehicle miles travelled (VMT). Furthermore, Krizek 

(2003a) also finds that higher neighbourhood accessibility induces people to complete 

more simple tours and make fewer stops per tour within the neighbourhood. However, 

Stead & Marshall (2001) argue that those research results do not necessarily imply 

causality between travel patterns and neighbourhood types as neighbourhood type is 

effectively an aggregate variable that incorporates network type (which is also a 

composite variable somewhat) and other urban form variables.  

On the contrary, from Table 2.1-1, this thesis finds that noticeably less studies discuss the 

influence of building type or of interface type on travel activity (especially scarce on travel 

behaviour) than other form variables. What is more, Ewing & Cervero (2010) synthesise 

the indicators and methodologies on the built environment and travel behaviour from 

over fifty related studies between 1990 and 2000. They conclude five categories of 

morphological factors used to analyse alongside travel characteristics in all these studies: 

land use (35)5, neighbourhood and activity centre design (14), transportation network 

(10), urban design (5) and composite indices (11). Recounted by this thesis, compared to 

5 *(number) means the number of articles studying the factors. 
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35 studies discussing the relationship between land use and travel behaviour, there are 

relatively fewer, only seven studies (subsumed to transport network and urban design 

area) discussing the relationship between some specific interface types and travel 

behaviour, whilst no study discusses the relationship between building types and travel 

behaviour. It is worth revealing the gap between the focus of building type and the 

focuses of the other urban form characteristics as almost all of these fifty studies are 

entitled ”built environment” or “urban form”, whereas building type is one of the 

prominent elements constituting built environment or urban form (Kropf, 2014). 

Therefore, the analyses and discussions on the relationship between building types and 

travel activity, and about the relationship between interface types and travel activity will 

contribute to the current lack of understanding of those relationships.  

2.1.4. Common approaches and variables of travel activity 

When it comes to approaches of travel activity research, conducting survey is most widely 

used to obtain travel behaviour data (e.g. Handy et al, 2002; Hess, 2008; Lin et al, 2011; 

Lin & Chang, 2008), while mapping and tracking are usually used for recording social 

activity patterns (e.g. Gehl & Svarre, 2013; Remali et al, 2015). Moreover, travel 

behaviour research is categorised into two types by Handy et al (2002): disaggregate and 

aggregate. They recommend that disaggregate is more suitable when studying the 

relationship between urban form and travel behaviour than aggregate. This is due to the 

fact that disaggregate enables more sophisticated behavioural modelling whilst 

aggregate is an overall investigation which may overlook the influence of activities from 

external networks, not only influenced by interior housing patterns. Despite this, an 

aggregate approach is still commonly used to describe the general character of a city or 

a region (see Table 2.1-3).  For example, Lin & Yang (2006) simultaneously adopt 

aggregate travel data from traffic analysing zones and also disaggregate travel data from 

individual or household surveys.   
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Table 2.1-3 The comparison between aggregate and disaggregate data re-tabulated from Handy et al (2002) 

Type Scale Key characteristics Examples 

Aggregate Traffic analysing zone 

Metropolitan area 

Cross-sectional correlations between 

zone averages for travel and the built 

environment   

Cervero & Gorham, 1995; 

Dagang, 1995; 

Friedman et al, 1994 

Disaggregate Individual 

Household 

Cross-sectional models of 

relationships between individual or 

household travel and the built 

environment  

Boarnet & Crane, 2001a; 

Cervero & Kockelman, 1997; 

Handy & Clifton, 2001; 

Kitamura et al, 1997b 

In addition to these two types of approach, a diary or questionnaire survey (e.g. travel 

diary, activity diary and time-use survey) is commonly used for travel data collection (e.g. 

Gehl & Svarre, 2013; Handy et al, 2002; Hess, 2008). These surveys can be used to 

estimate activity types, frequencies, lengths and mode choices etc.  

Following this, aggregate data is employed by this thesis to give an overall view of the 

study area, whilst travel activity diaries and questionnaires are also employed to reveal 

both the subtle characteristics of travel activity patterns at the individual level and also 

the relationship between the pattern and individual housing design.  

Table 2.1-1 shows the variables of travel activity, where types, frequency and duration of 

outdoor social activity are usually used to describe activity patterns, while there are ten 

commonly employed variables of travel behaviour being analysed with urban form or 

with other factors. They are distance, frequency, mode choice, vehicle miles travelled 

(VMT), vehicle hours travelled (VHT), purpose, travel time, trip generation, person miles 

travelled (PMT), and energy consumption. Moreover, given in Table 2.1-1, mode choice 

is the most widely used variable amongst them, or sometimes mode share/split adopted 

by various studies (e.g. share used by Ewing et al, 2011; Krizek & Stonebraker, 2010) 

whilst split use by Cervero & Gorham (1995) and Crane (2000). Since mode choice is 

arguably the easiest to survey compared to other variables (e.g. VMT, VHT, etc.), and the 

mode share or split is also directly related to the level of sustainable development. More 

precisely, mode choice can be further divided into four categories (Table 2.1-4) according 

to the literature.  

In terms of physical activity, strolling is similar to walking. However, in terms of travel 

purpose, they are different as Handy (1996a; b) has defined below. When people are 

strolling, it is not so much about reaching a particular destination as they are about simply 
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walking. They may be motivated by a pleasure or desire to get some exercise or to walk 

the dog, for example. By contrast, walking is one mode of travel in order to reach a 

destination to engage in whatever activity is available there. Moreover, Handy (1996a; b) 

points out that the choice to walk rather than drive to the destination may be motivated 

by similar factors to strolling trips, but people would probably not make the trip if the 

destination were not there. 

In addition, motorised, automobile or vehicle trip and drive named by various studies are 

all used to represent the same transport modes, such as mopeds and cars, which differs 

from non-vehicle or public transport. However, a private vehicle is defined by Taiwan’s 

government (Ministry of Transportation and Communication, 2015b) to represent 

mopeds and cars to compare with non-vehicle and sustainable transport, whereby 

private vehicles are adopted to represent mopeds and cars in this thesis. Owing to the 

prevalence and significance of mode choice within the research on the relationship 

between urban form and travel behaviour, mode choice (and mode share) are decided 

by this thesis to discuss the relationship between travel behaviour and each urban form 

type (buildings, streets, and interfaces).   

Table 2.1-4 Categories of mode choice 

Mode choice option Research 

Su
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Walking (transport) Cervero & Duncan (2006), Cervero & Gorham 

(1995), Handy (1996b), McCormack et al (2001) 

(recreation) Strolling Handy (1996a; b), Handy & Clifton (2001) 

Cycling Cervero & Duncan (2006), Cervero & Gorham 

(1995) 

Transit Cervero & Duncan (2006), Cervero & Gorham 

(1995), McCormack et al (2001) 

Private vehicle  Motorised/Automobile/Vehicular 

trips/Drive 

Cervero & Duncan (2006)/McCormack et al 

(2001)/Cervero (1996), Cervero & Duncan 

(2006)/Cervero & Gorham (1995) 
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2.2. Key studies in the research 

There are four studies, Moudon et al (2002), Speck (2012), Hess (2008) and Gehl (2011), 

highly related to this thesis or regarded as crucial research to motivate or support this 

thesis. For example, Moudon et al (2002)’s and speck (2012)’s arguments on mixed land 

use support this thesis’s assumption that mixed land use is a necessary but insufficient 

factor to encourage more sustainable travel activity; additionally, their arguments about 

the quality of the connection between different land uses further lead this thesis to 

consider the role of interfaces playing in travel activity and to establish a deep and 

comprehensive understanding on interface types. Moreover, some of Hess (2008)’s and 

Gehl (2011)’s claims or findings reveal the relationships between some particular 

interface types (e.g. front yards) and travel activity. Therefore, Hess (2008)’s research 

framework and approaches for conducting the survey on travel activity are adopted by 

this thesis; for example, the questionnaire designed by this thesis is generally based on 

his survey questions (for example refer to Section 5.2.3). In addition, the definitions and 

categories of travel activities used in this thesis are basically built on Gehl’s understanding 

on outdoor activity; besides this, his design principles of urban form are referred to 

compare with the empirical results of some specific building types and interface design, 

and their related travel activity characteristics.  

Therefore, the core claims and findings of these four studies are introduced in the 

following sections. 

2.2.1. Moudon, Hess, Matlick and Pergakes, 2002 

In the journal paper “Pedestrian Location Identification Tools”, they assert that locations 

with the potential for pedestrian travel should have two of the attributes of land use 

concurrently. One is functional complement (it requires dense residential development 

as travel generators and retail areas, schools or work place as travel attractors), and the 

other is spatial complement (it means that different land uses are close to each other 

linked by walking). That is also the main reason why mixed land use has been regarded 

as an efficient resolution in reducing the number and use of motorised vehicles for a long 

time, because it can shorten the distance between different travel purposes so that 

people can travel by walking, especially the distance between work and home, or retail 
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and home. Therefore, the actual land use must be mixed from both functional and spatial 

sides to encourage pedestrian behaviour. 

They suggest a few steps to encourage more walking behaviour; firstly, short distance; 

secondly, functional complementarity, and thirdly, appropriate facilities for safety and 

comfort. Following their suggested steps, this thesis concludes that there are two critical 

factors of walkable space: distance and quality (e.g. safety, aesthetic pleasure and 

amenity). To elucidate on this, a walkable distance means a physical distance which is 

within the range that pedestrians can bear. They suggest that the maximum range is 

between 400 metres and 800 metres, depending on the pedestrians' capability, or on 

other influential characteristics, such as age, gender, and journey purpose. To meet the 

distance requirement, shortening the distance between journeys is the fundamental 

principle, which is referred to as spatial complementarity on mixed land use by the 

research. However, mixed land use meets the first necessary condition by making the 

journey distance walkable, yet it does not include quality.  

This claim reflects the situation in Taiwan, where mixed land use is prevalent in Taiwan, 

but the use of private vehicles is still high. Taiwan can be regarded as a vehicle-oriented 

country as the road design gives priority to vehicles, and also the pedestrian facility is not 

adequate, so pedestrians often have conflicts with vehicle drivers along the road edges 

(the phenomenon is also revealed by Hsia et al, 2009). Therefore, this current research 

concludes that mixed land use, in terms of spatial and functional complementary, is the 

first step to make it possible for people to walk, but it is not a sufficient factor. Walking 

behaviour could be encouraged successfully only when the environment provides a good 

quality of walking space within a walkable distance. The discourse of mixed land use is 

defined as the “useful” condition by Speck (2012), whilst the idea of quality corresponds 

to his other three conditions; for details refer to the next Section 2.2.2). 

Moreover, Moudon et al (2002) provide some findings to support the conclusion 

mentioned above that both distance and quality do matter. To elucidate on this, they 

reveal that when walking appears as a strong alternative to driving, then vehicle-travelled 

distances continue to be short; for instance, 27% of all trips are less than 1.6 kilometres, 

and an additional 13% are less than 3.2 kilometres in the U.S.  In addition, they also assert 

that the lack of pedestrian infrastructure leads to more than 60% of the U.S. population 

in large metro areas living in environments that discourage or even prevent people from 
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walking. Moreover, Moudon, et al (2002) find that the neighbourhoods with the same 

density and similar type of mixed land use, but in which there is extensive pedestrian 

infrastructure, have three times as many pedestrians as the other neighbourhoods. These 

findings imply that the effect of mixed land use on shorting distance indeed works, but 

the quality still needs to be improved, accompanying the shortened distance concurrently. 

In this sense, interface spaces play a critical role in encouraging more walking as interface 

types are related to the quality of walking space, especially under the circumstance that 

the density of mixed land use of a place is high and balanced (which means the distances 

between trip origins and destinations for different travel purposes are short to some 

extent), for example, the most urban areas in Taiwan. 

 

2.2.2. Speck, 2012  

The purport of his book “Walkable City” can be simply explained by the concept of 

“connection”, which glues the dwellings and different land uses (e.g. shops, offices, 

transport stations, etc.) together by providing a walkable space. For instance, Speck 

exemplifies that a pedestrian-friendly street can be a connection linking dwellings and 

transport stations properly by allowing a transit user to walk to the transit stop, which 

also corresponds to Tsukaguchi (2007)’s words, creating seamless transport systems. An 

ideal walkable space can not only connect the lands that have different uses but also 

harmonise the juxtaposed spaces which have incompatible uses. For example, the 

transition (or defined as interfaces in this thesis) between houses and fast lanes could be 

an incompatible and dangerous space for pedestrians, yet pavements, street trees, and 

parked cars are suggested by Speck as barriers connecting and also harmonising houses 

and vehicular traffic. Therefore, a well-designed interface can mitigate the conflict 

between pedestrians and vehicle users.  

Based on the concept explained above, Speck further identifies four conditions and ten 

steps in his book to create a more walkable environment. These guidelines also cover the 

discussion of safety, beautification, and aesthetics of both the pedestrian facility and 

environment, which are discussed by other research.  Here is a ten-step approach of this 

book:  
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o Useful walk: 

▪ Step 1: Put cars in their place 

▪ Step 2: Mixed land use 

▪ Step 3: Get the parking right 

▪ Step 4: Let transit work 

o Safe walk: 

▪ Step 5: Protect the pedestrian 

▪ Step 6: Welcome bikes 

o Comfortable walk: 

▪ Step 7: Shape the space 

▪ Step 8: Plant trees 

o Interesting walk: 

▪ Step 9: Make friendly and unique faces 

▪ Step 10: Pick your winners 

Firstly, mixed land use makes the distances between different errand trips walkable 

(within walkable distance), so that that walking is useful because it can serve daily life 

trips well. This is why Speck claims that mixed land use is the fundamental step because 

walking is workable when it is walkable. In addition, to make a city walkable, it also relies 

on a complete public transport system. However, public transport can only thrive when 

a true neighbourhood structure is compact, diverse and walkable. This notion also 

provides a reference about a favourable neighbourhood type to this thesis. Secondly, 

pavements play a key role in this context, especially continuous pavements as they keep 

pedestrians safe from vehicular traffic and make them feel safe. Both of these two 

conditions make walking acceptable and convenient, and the following two conditions 

are related to encouraging more walking when the environment is attractive and 

favourable.   

Under this framework, Speck provides some specific designs of built environment and 

suggestions pointed out by himself or by other related researchers in each step. Some of 

the designs and suggestions somewhat correspond to or provide explanations to support 

the research results or research argument in this thesis. For example, designs of shared 

space and naked streets (advocated by Hans Monderman, cited by Monderman et al, 

2006) and on-street parked cars (Speck, 2013) have all been observed by this thesis. They 
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are suggested to have benefits in reducing car speed and enhancing pedestrian safety, 

which may affect the travel activity pattern observed in the study area in this thesis.  

However, beyond that, Speck particularly highlights that “a walk has to satisfy four main 

conditions: useful, safe, comfortable, and interesting. Each of them is essential and none 

alone is sufficient (p.11).” His assertion not only provides important support to the 

research assumption that mixed land use is a necessary but insufficient factor to make a 

city walkable, but also explains the issue that most Taiwanese cities are compact and 

mixed land use is prevalent, but private vehicle use is still high, and walking is not 

generally favourable for the Taiwanese (also observed by Hsia et al, 2009). This is because 

most Taiwanese cities lack pavements and the quality of existing pedestrian spaces are 

not good enough to create a safe, comfortable and interesting environment for walking, 

but provide too many cheap on-street parking spaces (also observed by Hsia et al, 2009). 

 

2.2.3. Hess, 2008 

In his journal article “Fronts and Backs: The Use of Streets, Yards, and Alleys in Toronto-

Area New Urbanist Neighbourhoods”, Hess explores how residents use the streets, front 

and back door space (e.g. garden, garage, porches, etc.), and alleys adjoining their houses, 

where the discussed spaces are precisely identified as interface spaces in this thesis. In 

this sense, his research can be regarded as a study on the relationship between travel 

activity and certain types of interfaces, which is similar to this thesis. Moreover, his 

research somewhat motivates this thesis as Hess points out that there is little empirical 

work on the relationship between residents’ use of interfaces and the types of them, such 

as alleys and other outdoor spaces, around their houses. 

In terms of use pattern of front or back door spaces, Hess finds that the residents in his 

study areas use back doors more often than front doors, which relates to their 

dependence on automobiles and garages are usually directly located in the backyards. 

That is, the main use spaces are decided on the location of the garage as social activity is 

also likely to follow the cars (Hess, 2008). However, this housing placement (the garage 

directly connects to the main entrance) might reduce the opportunity for walking, or of 

interacting with neighbours (also argued by Gehl, 2011). This issue also can be observed 
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in Taiwan. For example, the contemporary condominiums in Taiwan are often built with 

underground parking spaces and lifts directly linking dwellings and the underground 

parking spaces, therein they provide a strong alternative for residents to enter their 

houses by driving directly into the underground parking spaces. 

Although, having said that, he also finds that use of front doors is related to higher rates 

of walking (especially walking for errands), yet auto commuting is negatively related to 

front door use. Moreover, Hess states that the better connections, such as pavements 

and public transport, provided between shopping and work places, and good 

neighbourhood design are still able to change this automobile-oriented lifestyle or 

transport preference. To illustrate this, the so-called good neighbourhoods, have more 

diverse and higher density of mixed land use, more complete public transport networks 

to city centres and better pavement systems, and Hess reports that the use of front yards 

increases substantially over the weekend and there is more walking for shopping trips 

compared to other neighbourhoods. By contrast, the neighbourhoods which currently do 

not have good transit accessibility to city centres, limited local shopping opportunities, 

unpleasant walking environments and large parking spaces, make driving a necessity for 

most residents. Related to that, Hess finds that more than 68% of residents use private 

vehicles to go to work and more than 93% of them do so to shop. 

In addition to his findings, the methods he employed are regarded as an important 

reference for this thesis. To elaborate on this, firstly, he conducted a mail-out/mail-in 

survey during the autumn, where the  questionnaire includes five parts: 1) basic 

demographic information; 2) transportation modes for work and errands; 3) 

characteristics of walking within the neighbourhood (frequencies, destinations, and 

purpose of walking ); 4) characteristics of front and back door use (frequency and types 

of activities engaged within) and 5) parking related questions (auto ownership and 

parking location). Secondly, he controls the socio-economic factors among his study cases, 

and Chi-square tests were performed to determine whether reported differences 

between study areas were statistically significant. The analysis methods are also adopted 

by this thesis to analyse the relationship between urban form types and travel activity.  
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2.2.4. Gehl, 2011 

As the book title “Life between Buildings” suggests, the core subject of the text is outdoor 

activities occurring mainly between private and public spaces. The key contributions from 

Gehl’s research to this thesis are:  

1. Defining the types of outdoor activity, which helps this thesis both to clarify the 

definition of travel activity and also to identify the characteristics of travel activity; 

for example, the classification of travel activity in Table 9.1-8 is categorised 

according to Gehl’s definition.  

2. Revealing the relationship between activity pattern and urban form, from micro-

scale (the design of semi-private spaces) to community-scale (the placement 

within one or a few block(s), which is also the main purport of the book. Gehl 

particularly focuses on the relationship between optional/social activity and the 

design of private/public spaces, which are precisely identified as interfaces in this 

thesis. What is more, he demonstrates what kinds of interfaces can be related to 

more favourable activities (e.g. social interactions and walking), and also provides 

some suggestions or guidelines for the design of buildings, streets, and interfaces. 

These discussions help this thesis recognise what the favourable urban form types 

are.  

3. Emphasising the importance of walking and of front door spaces, which further 

confirms the correlation (directly or indirectly) between travel activity (mode 

choice and walking behaviour) and the pattern of front door activities. These 

discussions help this thesis establish the relationship between travel activity and 

the use of front door spaces (for an example, refer to Figure 1.1.1). 

2.2.4.1. Three types of outdoor activities 

Gehl categorises outdoor activities into three types, namely necessary, optional and 

social (resultant) activity. Here are the summaries of these three types of activities.  

Necessary 

As named, necessary activities are somewhat compulsory, and people have particular 

travel purposes or destinations. For example, going to do something, such as work or 

errands. The features of this type of activity usually involve everyday tasks, walking, and 
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less connection with the exterior environment compared to other activity types. 

Accordingly, these activities are required to participate and often happen in public areas.    

Optional 

Differing from necessary activities, there is no need for activities to occur if the time or 

place is unavailable even if there is a wish to do so; for example, strolling, standing around, 

enjoying life, sunbathing etc. Therefore, these activities especially depend on the quality 

of the exterior environment, and further affect the opportunity of social activities 

occurring. Consequently, these activities often happen in public areas or private outdoor 

areas.    

Social (resultant)   

These activities occur depending on the presence of other people in public spaces; for 

example, children playing, greeting and conversation, even passive contact (seeing and 

hearing other people) counts. As termed “resultant” activities by the author, they evolve 

from activities linked to necessary or optional activities. These activities can happen in 

public areas, private outdoor areas, and even domestic areas (but this book examines the 

publicly accessible space). Consequently, the quality of the exterior environment does 

not have a direct influence as it does in optional activities, but a well-designed 

environment will increase the possibility of social activities engaged by residents. Besides 

these, this is the type most focused on in this book as social activities suggest a meeting 

possibility and opportunities to interact with other people. 

Having stated these definitions, Gehl also admits that sometimes these three types share 

an interwoven pattern. That is, there is not a fine line between them; for example, 

walking the dog could be necessary for someone’s everyday tasks, but could also be 

optional depending on time available or if the place is favourable. 

2.2.4.2.  Design principles 

Gehl identifies some critical design principles of being a place which can facilitate more 

social activities or keep residents close to street life. Related to that, small scale, soft 

transition, open up and narrow principles are introduced by him to create a livelier 

environment. Summaries of these design principles follow.  
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Small scale  

Detailed design at small and human scale is critical to develop a social activity network as 

Gehl describes the “design of individual space and of the details, down to the smallest 

component, are the determinant factors.” Small-scale places which can invite sitting, 

standing, seeing and hearing can induce or develop to become complicated social 

activities.  

Soft transition  

Gehl defines transition to be a space between public and private areas (identified as 

interface in this thesis). Following this, soft transition (smooth, flexible or gradual 

transition also used by him) is a space not completely private or completely public, and 

functions as a link connecting private and public areas physically and psychologically. For 

example, semi-private front garden, porch and fence. This is somewhere people can stay, 

sit in front of houses, and somewhere people are assisted in participating in or keeping 

close contact with life and events in the public space. 

Open up  

The design of a building façade or of an adjacent area between streets and façades is 

important. This is because it influences the concentration of activities and the intensity 

of experience for people passing by on the pavement, and a good façade design activates 

the public environment. However, to open up is not just a question of glass or a window 

but also a question of distance, he argues (p.121). This is due to the fact that whether a 

space is opened up or closed in is determined partially by the human sensory experience.  

Narrow principle 

“When the buildings are narrow, the street length is shorted, and street life is enhanced, 

“ Gehl claims (p.94). He also suggests that big buildings with long façades should have 

narrow units and many doors, so that they can assemble more events and more visitors.  

In addition to those principles, Gehl also suggests some critical measurements of 

buildings and streets, which are related to travel activities. For example, outdoor 

activities in multi-storey buildings are often limited and the fifth floor is a threshold for 
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residents to keep in touch with ground level events. For street design, in street markets, 

a 3-metre-wide dimension is one that provides room for pedestrian traffic flows, but also 

for trade on both sides, and a clear view of the merchandise on both sides. Conversely, 

in residential areas, when streets are over 40 metres’ wide, the possibility for people 

walking and experiencing the surroundings is lost.  

2.2.4.3. The importance of walking, front door spaces and their relationship 

Walking 

Gehl claims two key points as to why walking is significant. Firstly, walking is a first and 

foremost step for all the transport modes, and secondly walking can lead to a lively 

residential area and a lively city.  

To elaborate on these, all travel is started and ended on foot, therefore, if the change 

time from foot to other modes can be extended, then the outdoor stay time provides an 

informal possibility for being present in the public environment, increasing the 

opportunities of social activities occurring. Gradually, during the change time, people may 

change their intended mode choice from private vehicles to walking if the condition is 

favourable. Moreover, Gehl defines walking as a slow traffic, which can create a lengthy 

outdoor stay time. All meaningful social activities take place when people are spending 

time outside so that they experience and perceive, contact, and become involved. 

Eventually, neighbourhoods can benefit from the increasing outdoor activities; for 

example, lively street life, reduced vehicular traffic and reduced crime and vandalism by 

“street watching” (Jacobs, 1961; Newman, 1973 cited by Gehl, 2011). 

Front door spaces 

Front door space, between private and public domains, is a crucial space, according to 

Gehl, and has two main functions: as a private space for residents to engage in activities, 

and as a semi-public space for residents to be seen or contacted.  

 

To illustrate these, to encourage more social activities as a private space, residents can 

access in and out easily as these good staying areas are directly in front of the house. 

Residents also feel more relaxed to do something within than in public areas. Therefore, 

it is a gentler way to encourage residents to contact people in the space where they are 
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familiar. Moreover, if residents use front door spaces more often and stay in them longer, 

they are more likely to contact neighbours more by seeing and hearing their neighbours 

or being seen and heard by them. These interactions can lead to lively cities.  

 

From a case study mentioned by Gehl (pp.36-37), the presence of front door space affects 

the frequency of outdoor activities. The case study shows that all kinds of outdoor 

activities occurred 35% higher in houses with front spaces compared to those with a 

backyard only.  

The correlation between outdoor activity and walking 

Gehl explains an idea about the correlation between semi-private outdoor activity (or 

ordinary domestic activity he also identified) and travel behaviour. To elaborate on this, 

firstly, if the facilities in the semi-private areas are provided to bring residents out on the 

public side of the residences, life between buildings can be substantially enriched.  

When residents use the front space more frequently and longer, the more likely they are 

to want to go out to do things or the opportunity of social contact with neighbours or 

pedestrians is increased (because they can see people and be seen by people in the front 

space). Consequently, the amount and variety of outdoor activities become more, and 

this creates an interesting and safe environment which further invites and encourages 

people to walk. More walking and outdoor activity reshape the environment into a more 

pedestrian-friendly environment which causes less driving in two ways: people are more 

willing to walk and enjoy the walking environment, or, the driving lanes become narrower 

or the slower speed limit makes it difficult for people to drive and they have no choice 

but to give up driving. Finally, less traffic reforms the environment to make it even more 

interesting and safer for pedestrians. 

 

2.3.  Taiwanese research on the relationship between urban form and travel 

behaviour 

The review of the Taiwanese debate is focused on two aspects: academic research and 

current government policies.  
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2.3.1. Academic research 

From the information given in Table 2.3-1, Taiwanese research discussing the 

characteristics of travel activity has been focused more on the influence from urban form 

types (particularly land use, density, and street system) and socio-economic factors than 

attitude, preference or self-selection factors. For example, Huang & Yeh (2008) reveal 

that pedestrians are attracted to main streets and prefer straight streets to streets with 

angles, where the street features affect pedestrians’ spatial cognition, and further affect 

their route choice. However, compared to the urban form-travel activity-related research 

developing in Western academia, such research studying the complete relationship 

between urban form and travel activity is relatively scarce and published late in Taiwan. 

For example, the first journal article analysing the relationship between Taiwan’s urban 

form and travel behaviour more completely and systematically was published in the year 

2009. Lin & Yang (2009) employs structural equation modelling to analyse the correlation 

between urban form and travel behaviour, and they find that density and mixed land use 

indicators significantly influence trip generation and private vehicle mode share. 

Moreover, in all of Lin's associated studies, urban form variables (so-called built 

environment in the studies) are basically referring to 'the 3Ds' factors, which are originally 

defined by Cervero and Kockelman (1997), namely density, diversity and design. However, 

Lin's series studies are based on quantitative methods, so they are unable to present the 

subtle qualitative characteristics of form, such as types, styles and designs of interfaces.  

In general, most Taiwanese studies focus on the relationship between land use, density 

and mode choice, as most Western researchers do (for the details refer to Section2.1.1 

or Table 2.1-1). There was no research studying the relationship between building type 

and travel activity. As far as the interface type is concerned, these studies only identify 

the characteristics of pavements instead of the complete types of interfaces. Thus, when 

this thesis completely analyses the characteristics of building types, street types and 

interface types with travel activity, then this thesis can expect to bring a new discussion 

and interpretation of the relationship between urban form (especially focusing on 

interface types) and travel activity in Taiwan. 
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Table 2.3-1 Taiwanese research: variables of travel behaviour, urban form, socio-economics, and attitude 

Travel activity 

Mode choice or 

probability 

Trip 

generation 

Route 

choice 

U
rb

an
 f

o
rm

 (
B

u
ilt

 e
n

vi
ro

n
m

en
t)

 

D
iv

e
rs

it
y 

La
n

d
 u

se
 

Mix Entropy, type-mix measures, 

housing–job mix 

Lin & Chang 

(2008;2010), Lin 

& Yang (2009), 

Lin & Yu (2011) 

Lin & Yang 

(2009), Lin 

& Yu 

(2011) 

Huang & Yeh 

(2008), Tung 

et al (2004) Diversity  Available transport modes, 

numbers of convenience 

stores, numbers of banks 

D
e

n
si

ty
 

Population, residents, employment, built 

floor 

Lin & Chang 

(2010), Lin & 

Yang (2009), Lin 

& Yu (2011), Lin 

et al (2011) 

Lin & Yang 

(2009), Lin 

& Yu 

(2011) 

Huang & Yeh 

(2008), Tung 

et al (2004) 

D
e

si
gn

 

La
yo

u
t Proximity to main transport network  Lin et al (2011) - 

Proximity to the MRT station 

Proximity to bus stop 

Street 

System 

Road (width and length), 

pavements (width length and 

design), cycle lane length, 

parking space, intersection 

Lin & Chang  

(2008;2010), Lin 

et al (2011) 

- Huang & Yeh 

(2008), Tung 

et al (2004) 

Block size Lin & Chang 

(2008), Lin et al  

(2011) 

- 

Aesthetics Planting (street trees) Lin & Chang 

(2008; 2010), 

Lin & Yu (2011) 

Lin & Yu  

(2011) 

So
ci

o
-e

co
n

o
m

ic
s 

Individual Gender, age, employment 

status, possession of a 

driving licence  

Lin & Chang  

(2010) 

- 

Household  Household size composition, 

employment status, vehicle 

ownership, driving licence 

ownership, annual income 

Lin & Chang 

(2008;2010), Lin 

& Yu (2011) 

Lin & Yu  

(2011) 

Attitude/ preference/ self-selection  Chang & Shen  

(2005) 

- 

2.3.2. Walking issue 

As for the studies discussing travel behaviour in Taiwan, most of them focus more on the 

uses of private vehicles and public transport rather than walking. This tendency is 

suggested as being to do with the current government policies (Jou et al, 2010; Chiou et 

al, 2014; Huang, 2004). However, walking should be a crucial issue in transport policy not 

only because walking brings about a healthier and lively life to neighbourhoods or cities 
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(Gehl, 2013; Giles-Corti et al, 2009; Jacobs, 1961; Speck, 2013), but also attitudes towards 

walking related to the promotion or use of public transport; for example, Chiou et al (2014) 

find that Taiwanese people consider walking time more than transit waiting time. 

Moreover, most transit trips are connected by walking (although some people probably 

use private vehicles to public transport stations), whereby it is important to improve 

people’s awareness or attitudes towards walking. As claimed by Moudon et al (2002), 

walking is commonly used to access transit, poor walking environments may, therefore, 

deter people from using transit.  

Despite the little understanding on walking in Taiwanese research, Hsia et al (2009)’s 

research still shows the socio-cultural attributes of pedestrian behaviour and also reveals 

some urban issues in Taiwan. Thus, their research is summarised in the following section.  

Their study explores pedestrian behaviour in Taiwan with an emphasis on impacts of 

socio-cultural attributes. The research is motivated by an issue that the Taiwanese, 

generally speaking, are not very willing to walk, which is somewhat related to the lack of 

pedestrian spaces in Taiwan. They particularly point out three common phenomena 

which cause the issue. Firstly, officially marked pedestrian space is not prevalent and only 

limited to central business districts, recreation areas and roads adjacent to schools. 

Secondly, arcades containing walkable corridors are prevalent in buildings in Taiwan, but 

the walkable space does often not give priority to pedestrians. Thirdly, it is difficult to 

walk unimpeded in the city because of illegal parking of motorcycles and the occupation 

of street vendors as obstacles for pedestrians.  

For research methods, they conduct an interview questionnaire survey (Likert-scale: 1-5) 

in four cities in Taiwan to collect the data on pedestrian awareness and attitudes. The 

contents of the survey include the statements from five aspects of walking behaviour, 

namely attitude, preference, necessary, habit and specific feelings related to spatial 

characteristics of Taiwan. The last category is peculiar to Taiwanese urban issues and has 

not be seen in other similar studies in other countries. It is used to understand the effect 

of the unique characteristics of the rules and customs of urban pavements in Taiwan on 

attitudes towards walking. The statements of the last category are:  
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• The illegal parking along with street will decrease my intention of walking (3.71)6

• I am less likely to walk when the pavement is occupied by parking motorcycles

(3.77)

• I am more likely to walk when diversity of shops along with the road is high (3.8)

• I am more likely to walk if there are street vendors along the road (3.1)

Eventually, they find that the results related to the spatial characteristics of pedestrian 

facilities in Taiwan provide an insight into route choice behaviour of pedestrians in 

different stages of the life cycle. In addition, they also find that there is no significant 

difference in pedestrian behaviour among Taiwanese cities. They conclude with the 

statement that Taiwanese pedestrians in different cities have similar attitudes, 

preferences, habits and a similar reaction to the multifunctional character of pedestrian 

space. This finding can be regarded as a support for this thesis that the empirical results 

of walking behaviour from Taipei can represent Taiwanese walking behaviour based on 

their statement of findings.  

Moreover, these four attributes, more or less, are related to the quality of interface 

spaces; for example, illegal on-street parking, parked mopeds on pavement and stalls 

likely reduce walking spaces, whilst shopfront may provide attractive interfaces such as 

shop windows, colourful awnings, etc. In this sense, the four statements imply the 

influence of interface types (or conditions) on walking intention. Besides this, noticed by 

this thesis, the respondents’ view on all the statements from the five categories are 

positive, except that there is the lowest score (3.1) in the statement about street vendors. 

The average score of that statement in one of the cities is 2.9, which suggests that people 

reserve their opinion on the positive influence from street vendors. 

6 The number in parentheses is the total average score out of the four cities recalculated by this thesis.
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2.3.3. The current government policy focus 

Generally speaking, all the travel related policies have been focused on the prime goal of 

creating a “sustainable transport lifestyle” by offering a safe, liveable and low carbon 

environment by Taiwanese authorities (e.g. see Huang et al, 2019). This thesis 

particularly reviews the annual reports of policy focuses from the Department of 

Transportation, Taipei City government (2015- 2017) and the project of Neighbourhood 

Traffic Environment Improvement from Taipei City Government (2015) to provide an 

overall view of the tendency of current Taiwanese policy.  

On the whole, the annual reports and the project have comparable policies or ideas on 

improving pedestrian spaces, creating a cycling-friendly environment, and strictly 

enforcing the laws on illegal parking. However, the detailed methods of implementing 

the policies or ideas are different between them. Here are the summaries from these 

two authorities.  

2.3.3.1 Annual reports of policy focus from the Department of Transportation, Taipei 

City government (2015-2017) 

The main policies are: 

1) Towards the idea of “liveable lanes” and the need for safe pedestrian space, the

painted pavement should be provided and marked for pedestrians or school

children around busy roads. In addition, the streets which have on-street parking

restrictions and are also under eight metres wide are given priority to be marked

with the painted pavement. The reports also point out the problems of narrow

lanes and shared spaces between cars and pedestrians and the issue that some

lanes are actually private lands so the government cannot place physical

pavements on them. These all cause a lack of pedestrian spaces.

2) Improving the pedestrian environment by maintaining pavement condition and

removing or banning parked mopeds out of arcades.

3) Creating a cycling-friendly environment by completing the public cycle renting

system, improving the cycling network and providing more cycle parking spaces,

especially around schools and public train stations.
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4) Controlling the illegal parking issue by strictly enforcing on-street illegal parking 

with fines and charging reasonable prices for on-street parking. 

2.3.3.2 Neighbourhood Traffic Environment Improvement Project from Taipei City 

Government 

 The main purposes and ideas are: 

1) Discussion on reasonable parking spaces and reducing illegal parking 

• Placing a 10-metre-long “parking forbidden yellow line area” at 100 to 

150-metre intervals along main roads to offer official temporary on-street 

loading.   

• Offering official on-street parking space and charging the same rate as the 

current fee to avoid free long-term occupation (the same as the annual 

reports above suggest). 

2) Creating safe pedestrian spaces  

• Offering physical pavements along the streets over 12 metres wide. 

Marking painted pavements before completing the physical pavements.  

• Offering painted pavements along streets under 12 metres wide which are 

not adjacent to arcades.  

3) Creating a barrier-free environment 

• Removing parked mopeds out of arcades or pavements (the same as the 

annual reports above suggest). 

• Smoothing arcade surfaces and ensuring there is no level difference 

within arcade corridors.  

In addition, the project also proposes the assignment from different authorities or 

organisations from top to bottom. To elaborate on this, the Department of 

Transportation, Taipei City government proposes and implements the policies and the 

rewards system, and also runs training courses for neighbourhood leaders. The District 

Office is like a mediator to take charge of communicating and negotiating with the 

Department of Transport, Police Office, other institutions, neighbourhood leaders and 

residents. Neighbourhood leaders 7  are encouraged to join the project voluntarily, 

 

7 The elected head in the neighbourhood (里長 Lizhang), who is in charge of disseminating information 

from government to local residents, and organising neighbourhood social events or activities. 
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assisting residents to improve their residence environment together with the 

government.  

 

2.4. Discussion on the current knowledge about urban form types on travel 

activity 

From the information given in Table 2.1-1, Table 2.1-2 and Table2.3-1, studies on the 

relationship between urban form and travel activity have been popular over the last two 

decades. However, more these studies focus on land use related indicators than on 

morphological properties. In addition, there is more of a focus on street types than on 

building types or interface types by researchers. Having that said, these street types 

related studies treat parking space, pavement, and street planting as an individual 

element subsumed under street types, instead of considering the influence from integral 

street types on travel activities. Related to that, this thesis tries to prove whether there 

is a significant relationship between the identified street types (the integral combinations 

of different street elements) and their related travel activity characteristics. 

Moreover, interface types almost entirely absent from the tables mentioned above, 

wherever related to western academia or in Taiwanese research, which clearly illustrate 

how rarely interface is discussed as an integral component of urban form in the literatures. 

Therefore, this research also aims to establish a classification system to cluster and 

determine interface types, so that this thesis can find out the relationship between the 

interface types and travel activity which has been omitted hitherto in the related research 

areas. 
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Chapter 3: Review of urban form in morphology and typology 

3.1. Importance, definition and composition of urban form 

Urban morphology, a discipline studying urban tissues or fabric, has been studied by a 

vast amount of research from different disciplines, namely geography, architecture, 

archaeology as well as urban planning (Duan & Qiu, 2009). Since urban form can help 

researchers not only understand the physical world but also people's lifestyle and social 

network as Gauthiez (2004) regards it is a "coagulated history" - a touchable history, whilst 

Duan & Qiu (2009) see it as evidence of lives and the result of socio-economic impact. 

That is, understanding urban form can help researchers or planners recognise urban 

problems, and even provide solutions to the related urban issues. In terms of urban 

planning, varied urban forms of compact city (Burton, 2000), smart growth (Duany et al, 

2010; Hess & Sorensen, 2014) and transit-oriented development (Calthorpe, 1993) have 

been postulated as a successful resolution to high carbon emissions and high energy 

consumption (Hickman et al, 2013; Marshall, 2005; Stead & Marshall, 2001). For 

example, Kaza (2020) also finds that compact urban form is associated with lower 

energy consumption than demographic concentration.

In addition, the significance of studying urban form is also related to two main 

characteristics of urban form defined in M.R.G. Conzen (1960) and Caniggia & Maffei 

(1979) both cited by Whitehand (2002; 2003), which are timeliness and measurability. 

• Timeliness: cities (urban forms) are considered to be as historical phenomena and

recognised cycles in development. They have been focused on periodicities of the

creation and adaptation of physical forms. This means that urban form not only

involves the meaning of physical or geographical dimensions, but also emphasises

the existing historical and timely dimensions.

• Measurability: the phenomena mentioned above could be conceptualised in a

manner and to a degree that contrasts with the dominant descriptive approaches.

Nevertheless, when it comes to the architectural or urban planning related research in 

Taiwan, studies approaching urban morphology or typo-morphology are relatively less 

popular compared to the topics of green architecture or indicators of sustainable 

development, heritage conservation and preservation, and of disaster prevention 

(particularly earthquakes and floods). To elaborate on this, within the Journal of 
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Architecture8, only 10 articles found by this thesis study urban morphology or building 

typology out of about 600 articles between the year 2000 and 2013. These studies discuss 

the characteristics of dwellings, e.g. regional distribution, sizes and variance of rooms of 

dwellings, and some particularly evaluate the sustainability of those (Zhang & Shyng, 

2004), whilst some analyse the correlation between official plans and actual uses of those 

dwelling characteristics (Chu, 2011; 2012). Moreover, most of those typological studies 

focus on the configuration of floor plans, using methods of building classification similar 

to that applied in Steadman et al (1991). The others focus on studying the characteristics 

of some special building types, such as shophouses (Lai & Nieh, 2011; Nieh et al, 2006), 

and traditional dwellings, the so-called San-He-Yuan [三合院] (Wang, 2006; Wang & 

Wang, 2008).

3.1.1. The components of urban form 

As Chen & Thwaites (2013) assert, urban form is an extremely complex synthesis that can 

be both comprehensively understood in space, time, and at appropriate scales by typo-

morphology, and also achieved by breaking down this complex entity into smaller 

components and placing them in a logical order to create an analytical framework. The 

comparable concepts in Conzen’s schema, the components of urban form, are three in 

number: the ground plan or two-dimensional layout (comprising the street system, plot 

pattern and building block plans), building forms, and the pattern of land use. In addition, 

Moudon (1997), Levy (1999), Whitehand et al (2011) and Kropf (2014; 2018) also identify 

urban form (or built form) as consisting of the fundamental physical elements: buildings, 

a building’s related open space (or area/void defined by Kropf, 2014; 2018), plots, and 

streets.  

More precisely, Kropf (2014; 2018) clarifies the various forms of ambiguity by re-depicting 

and explicating his idea by a multi-level diagram, which shows that the urban form 

constitutes of eight prime levels (see Figure 3.1-1). His work provides a clarification of the 

definition and compositional hierarchy of built form, so that the framework he identified 

can provide a consistent comparison of the different aspects of urban form and examples 

8 Hosted both by Architectural Institute, and Architecture and Building Research Institute in Taiwan. It 
means that this journal is influential and the result of this journal is likely to be reliable. 



51 

of different form from different times and places. He suggests that, based on the rigorous 

hierarchy identifying the composition of urban form, it also provides a systematic way to 

fully understand the structure and dynamic of the built environment. What is more, the 

diagram can be used to articulate the research framework, focuses, and especially the 

idea of interfaces identified in this thesis. To elaborate on these, firstly, this thesis aims to 

establish a complete catalogue of urban form types in Taiwan, including street types, 

building types and interface types, which is exactly the same range as highlighted in blue 

on buildings and street (simple tissue) presented in the diagram. On top of that, both the 

areas and routes/street spaces (marked in green) are exactly the same as the interface 

space defined by this thesis. As Kropf (2014) defines, these void areas shape continuous 

space with distinct boundaries, which correspond to the physical and social boundaries 

found in specific examples between private, private/semi-private and public space.  

Moreover, he claims that these void areas satisfy basic human needs: shelter from the 

elements and a protected core habitat for outdoor activity, where the notion also 

corresponds to the importance and contribution of studying interfaces asserted by this 

thesis.  

In addition, Huang (2007) defines that urban form can further be divided into physical and 

non-physical settings. For example, the physical setting typically involves envisaging 

certain combinations of size, density, structure and built form, married explicitly or 

implicitly to various urban functions (Marshall, 2005). However, the non-physical form can 

be shaped both from people’ use and management (Larkham, 1989). More precisely, 

Huang (2007) draws an analogy between urban form and the human body (or human 

anatomy), which is also similar to Steadman et al (2000b), where they term town buildings 

as comparative anatomy. Huang (2007) describes the human body as having external 

Figure 3.1-1 Multi-level diagram of the 
elements of urban form, extracted from 
Kropf (2014: p.50) and re-depicted by this 
thesis 
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physical characteristics and internal vigour and blood circulation; by the same token, 

urban form has a physical and non-physical condition. In this sense, physical condition of 

urban form, such as human settlements, encompasses the "spatial environment" and 

"temporal environment". To elaborate on this, spatial environment includes nature and 

man-made environments, such as scenery of mountains and water, road networks, 

buildings and infrastructure. Moreover, these elements of physical condition usually 

generate diverse and unique forms following the changes of time and activity. In terms of 

the temporal environment, it consists of seasonal customs and ceremonial, ritual and 

normal activities and culture over time. By contrast, non-physical condition reflects both 

the quantity and quality of users in the urban area, and also the mechanism and 

organisation of management and operations.  

Following these, Figure 3.1-2 is illustrated by this thesis to elucidate the idea of the 

constitution of urban form after synthesising all the elements referred to in the literature 

(e.g.  Boast & Steadman, 1987; Katz, 1994; Kropf, 2014; 2018; Moudon, 1997; Muthesius, 

Figure 3.1-2 The constitution of urban form 
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1982; Oliver et al, 1981; Parolek et al, 2008; Stead, 2001; Steadman et al, 1991; Steadman 

et al, 2000b; Whitehand et al, 2011; Chen, 2007). Similar to Kropf (2014)’s aim of clarifying 

the composition of urban form, Figure 3.1-2 demonstrates the structure of urban form, 

the compositional hierarchy and elements, which are identified and concluded by this 

thesis. Besides this, the types and characteristics of building, open space and street type 

are separately enumerated in the following sections as important references for 

identifying elements in the fieldwork. 

3.1.2. Approaches 

In the field work associated with urban form, setting a basic observation unit is a common 

method employed by, for example, Conzenian traditions and the Versailles school. The 

basic observation unit is a fundamental area which has its own identity or distinguishing 

characteristic that could be described or discussed, such as a plot, block or 

neighbourhood (made of several blocks). For example, an urban landscape unit is used to 

represent the manifestation of urban form in Conzenian tradition research (Whitehand et 

al, 2011). The classifying system of urban landscape unit includes several levels, and then 

obtains the final observation unit by overlapping these levels step by step. For example, 

an urban landscape unit consists of a plan unit, building type and land use, whilst building 

type is a combination of building function, form, style, age and height. A similar method 

is also applied in this thesis; to illustrate this, conceptually comparable to urban landscape 

unit, housing development unit identified in this thesis is the combination of building type 

and interface types, whilst housing pattern consists of housing development unit and 

street type (for details, refer to Section 5.2.2 and Figure 5.2-5). 

Concerning the types of approach, broadly speaking, Conzenian traditions (e.g. 

Whitehand, Larkham and Kropf’s research), Muratorian-Caniggian traditions (e.g. Maffei’s 

research) and Versailles school (e.g. Castex and Panerai’s research) are representative of 

qualitative research in urban morphology whilst the representative school of quantitative 

approach in urban morphology is space syntax lead by Hiller & Hanson (1984). More 

precisely, Kropf (2018) recognises four approaches to urban morphology: historico-

geographical, typo-morphological, configurational and spatial analytical, according to 

their aspects of urban form and methods these different approaches use as shows in Table 

3.1-1 (for more details, see Kropf, 2018: pp.16-19).  
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In terms of application of these different approaches or methods, space syntax is 

generally applied to deal with the degree of integration of the mobility network between 

urban blocks in terms of topological and geometrical distance, combined with metrical 

radiuses (Van Nes, et al 2012). For example, Berghauser Pont & Marcus (2015), Van Nes 

et al (2012) and Ye & Van Nes (2014) combine space syntax with spacematrix (or 

spacemate, which is discussed later) to comprehensively understand the role of the 

spatial parameters on socio-economic processes in a city.  

For Steadman and his collaborative research, it is recognised by this thesis as being in-

between the quantitative and qualitative approaches. To illustrate this, his collaborative 

research discusses the manifestation of building fabric through a diagrammatic method 

(Steadman et al, 2000a; b), but some of his collaborative studies also use floor area-

related indicators to demonstrate the spatial features of building form; for example, the 

ratio of exposed wall area to floor area suggests the openness or directness of building 

configurations to the neighbouring streets or buildings; the ratio of glazing area to floor 

area suggests the light-permeability, and the ratio of roof area to floor area presents the 

varied building types. In addition, he quantifies the floor plan or configuration of a 

building into a binary encoding to demonstrate the room size and the lighting system in 

the building, where 0 is basically defined as empty space whilst 1 presents as a part of the 

built form (Steadman, 2001; Steadman & Mitchell, 2010). 

Moreover, from the information given in Table 3.1-1, building plan analyses, especially 

building density related indicators, such as floor space index (FSI)9, ground coverage and 

height, have been appealed to urban morphological researchers (e.g. Berghauser Pont & 

Haupt, 2004; 2007; 2010; Berghauser Pont & Marcus, 2015; Martin & March, 1972; 

Steadman, 2014). To elucidate this, Martin & March (1972) develop a fundamentally 

allometric approach to identify and classify built form into three basic types (i.e. pavilion, 

street and court) by examining the relationship between the number of storeys n and FSI 

(also defined as built potential) when building height, plan depth and cut-off angle are set 

fixed. Furthermore, they find that FSI both in court type and street type increases with n 

and reaches a limit asymptotically, yet the FSI of pavilion type starts decreasing at some 

point of higher storey numbers due to the constraint of the cut-off angle. More 

importantly, the results provide valuable implications for urban design and especially for 

 
9 FSI is given by dividing the total floor area on all levels by the ground area. 
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restriction of building storeys for access to light, air and open space (Kropf, 2018; 

Steadman, 2014). 

In addition to Martin & March (1972)’s research, Berghauser Pont & Haupt (2004; 2007; 

2010) develop a system called spacemate (or spacematrix), which has been further added 

in more density related indicators, namely ground space index (GSI)10, open space ratio 

(OSR)11 and network density (N). The five variables (FSI, GSI, OSR, N and the number of 

floors) are used to respectively express the intensity (FSI), compactness (GSI), 

spaciousness or pressure on non-built space (OSR), the building height (L) and the amount 

of network within an urban block(s). Furthermore, they suggest the system can be used 

to differentiate between urban form in an efficient way as combining these variables gives 

every project a ‘spatial fingerprint’, such as mid-rise super blocks, mid-rise spacious blocks, 

low-rise compact strip developments, etc. Spacemate therefore is regarded as a more 

useful graphical tool that rich the definition of the density of urban tissue than simple 

dwelling density does by combining ratio measures and so adding dimensions to the two-

dimensional graphic representation (Kropf, 2018; Steadman, 2014). More interestingly, 

Steadman (2014) brings Berghauser Pont & Haupt’s and Martin & March’s work together 

by adding two variables (plan depth and cut-off angle) employed by Martin & March 

(1972) to Berghauser Pont and Haupt’s spacemate system in order to give a further 

theoretical explanation for Berghauser Pont and Haupt’s empirical findings. What is more, 

in Berghauser Pont & Marcus (2015)’s  classification of built form which is also based on 

building density, they particularly distinguish three types out of their five recognised 

clusters according to Martin & March (1972)’s categories of built form: pavilion, street 

and court types. 

Similarly, for very large areas or those with less distinct differences, a range of attributes 

can be selected, and areas analysed using computational methods to identify clusters of 

common sets of attributes (Kropf, 2018: p.102). Corresponding to that, cluster analysis (or 

data clustering) is also a common method to classify and define urban forms or types. 

To elaborate this, in Berghauser Pont and her collaborative studies, they also use 

different cluster methods to identify form types by inputting form variables (e.g. 

building density indicators and street network properties) as independent variables. For 

example, 

10 GSI is the percentage of the land area covered by buildings. 
11 The ground area subtracts the area of the building footprint(s), and then divides by total floor area. 
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Berghauser Pont & Marcus (2015) employ hierarchical cluster to categorise built form into 

five clusters by using  FSI, GSI and L variables, and particularly compare the results with 

Martin & March (1972)’s building classification as introduced earlier. Additionally, 

Berghauser Pont et al (2017) adopt two different cluster methods to representatively 

cluster streets and buildings both collected from certain European metropolitan areas 

into some unique and common types by inputting street network property (i.e. road 

betweenness centrality) and building density indicators (i.e. FSI and GSI). Firstly, for street 

types, they use k-medoids (also known as Partitioning Around Medoids, PAM) to classify 

the street segments; four clusters of street types therefore are recognised and 

corresponded to three scale structures (i.e. metropolitan, city and neighbourhood). 

Secondly, for building types, they use fuzzy c-means to identify building density into six 

types: no buildings, sprawl, suburban, compact low, city centre, compact city and 

modernistic depending on different levels of FSI and GSI. 

In addition, Louf & Barthelemy (2014) use hierarchical cluster to classify street patterns 

and further identify four city types. Huang et al (2007) combine hierarchical cluster and 

K-Means simultaneously to maximise the accuracy of the classification of urban form; 

more specifically relating to their methodologies, hierarchical cluster is used to obtain the 

rough number of clusters and then K-Means is applied to produce the classification using 

the number of clusters extracted from the previous hierarchical analysis in their research. 

These two studies mentioned above are reasonably similar in terms of study areas and 

the variables they use. The quantified spatial features (e.g. block size, ratio of open space, 

density of built environment etc.) and socio-economic developmental indicators (e.g. 

population density) are employed to evaluate the compact or sprawl level of a city and to 

compare European city types with American ones in both studies.  

Moreover, when the number of urban form related variables is significant, some research 

additionally combined cluster analyses with factor analysis to preliminarily reduce the 

number of variables to a smaller, more manageable set of factors that correspond to a 

significant portion of the variability of the full dataset (Jacques & El-Geneidy, 2014). For 

example, Manaugh et al (2010) identify different neighbourhood types representatively 

from home and from work locations in the Montreal region through a factor-cluster 

analysis. Initially, over 100 urban form and sociodemographic related variables (e.g. 

population, commuting distance, commercial land use, number of dwellings, household 

income, dwelling value, etc.) are grouped into 15 factors by factor analysis and these 
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factors are further used as input variables to cluster neighbourhood types by K-Means. As 

a result, they recognise nine neighbourhood clusters for home locations (i.e. park areas, 

big box commercial, high density residential, commuter train access, single family 

residential, highways and retail services, commercial streets, waterfront property, and 

urban mixed use), and ten types for work locations (isolated suburban retail areas, 

waterfront, mixed use commercial and residential, suburban office parks, suburban, big 

box commercial, high density residential mixed use, train-oriented, institutional and 

government job areas and employment subcentres).  

Comparably, based on Manaugh et al (2010)’s research framework, Jacques & El-Geneidy 

(2014) also employ the factor-cluster analysis representatively on numerous urban form 

features and on both form and travel behaviour variables to categorise built forms from 

the Montreal Metropolitan Region in order to see that the inclusion of travel behaviour 

considerations, in addition to urban form variables, provides a more accurate 

representation of the actual urban form on the ground at the census tract level. From 

their results, 35 urban form variables (e.g. density, land use, street network design, 

accessibility, housing, demographics etc.) are grouped into seven factors, and then the 

seven factors are inputted to cluster built form into five final types by K-Means; these 

types are: rural areas, accessible dense residential areas, industrial areas with some 

residential, low-density residential areas and greenspace areas with some residential. 

Furthermore, 44 variables including urban form and travel behaviour variables (e.g. travel 

modes and distance) are grouped into eight factors, which are consequently used as input 

variables to categorise built form by K-Means. As a result, there are six types recognised 

according to both form and travel behaviour characteristics, and they are: accessible 

dense residential areas, industrial areas with some residential (cycling), true rural areas, 

rural areas with clustered residential development, greenspace areas with some 

residential (bus-served) and low-density residential areas. 

Following the reviews of these cluster analyses-based studies (also as shows in Table 3.1-

1), K-Means is one of the most commonly used method to identify urban form types. 

Having said that, K-Means method used by these studies is only used to classify form 

types based on their quantitative (numerical) features instead of qualitative (categorical) 

features. Related to that, the application of K-Means on categorical dataset is further 

discussed in methodology chapter.  
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Overall, compared to the existing literature, this thesis describes and discusses the 

qualitative characteristics of urban form types, but at the same time this qualitative form 

data is digitalised and quantified in order to match the quantitative data on travel activity 

(e.g. mode share, walking frequency and duration, etc.). Besides this, most research 

studying the relationship between urban form and travel activity is quantitative (as 

revealed in Table 2.1-2). Hence this thesis combines both approaches to present the 

qualitative characteristics of urban form but also to be able to analyse the qualitative 

characteristics of urban form with travel activity data, which has been relatively scarce 

hitherto in the research on the relationship between urban form and travel activity. 
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Table 3.1-1 The different approaches of urban form studies  
 Kropf (2018)’s 

categories 
Methods Studies 

Q
u

al
it

at
iv

e 

Historico-
geographical 

Cartographic redrawing 

O
b

je
ct

s 
o

r 
m

at
er

ia
ls

 Old map Lilley et al (2005), Pinho & Oliveira (2009) 

Town 
plan 
analysis  

Conzenian tradition 
Landscape, town plan, building form, 
land use 

Ewing et al (2011), Larkham (1998), Levy (1999), 
Lo (2007), Schlüter (1899), Whitehand et al (2011) 

Typo-
morphological 

Muratorian-
Caniggian traditions, 
Versailles school 

Town fabric and tissue 
Building façade and floor plan 

Cited by Moudon (1994; 1997) and by Duan & Qiu 
(2009) 

Building 
plan 
analysis 

Configurational 

 

Spatial configuration of room 
Boast & Steadman (1987), Brown et al (2000), 
Holtier et al (2000), Steadman (2014) 

Q
u

an
ti

ta
ti

ve
 

A
n

al
ys

is
 v

ar
ia

b
le

s 

Building density (FSI, height, cut-off 
angle, etc.) 

Martin & March (1972) 

Binary encoding of floor plan Steadman (2001), Steadman & Mitchell (2010) 

Space syntax Indicators (integration-radius, etc.) 
Hillier (1996), Hillier & Hanson (1984), Penn et al 
(1998), Pinho & Oliveira (2009), Turner (2004), 
Turner et al (2001), Turner & Penn (1999) 

Spatial-
analytical 

Spacemate/Spacematrix 
Building density (FSI, GSI, OSR, 
network density and the number of 
floors) 

Berghauser Pont & Haupt (2004; 2007; 2010), 
Berghauser Pont & Marcus (2015), Van Nes et al 
(2012), Ye & Van Nes (2014)  

Cluster 
analysis 

Hierarchical method Block form (shape, size, etc.) Louf & Barthelemy (2014) 

Two-step clustering 
Building density and street centrality Berghauser Pont & Marcus (2015) 

Socio-environmental variables  Charreire et al (2012) 

Hierarchical method 
and K-Means 

Socio-economic and historical 
trajectories indicators 

Huang et al (2007) 

Street network (number of blocks, 
junctions, etc.)   

Serra et al (2017) 

Factor-cluster and  
K-Means 

Form, sociodemographic and travel 
variables 

Jacques & El-Geneidy (2014), Manaugh et al 
(2010) 

Fuzzy c-means 
K-medoids (PAM) 

Building density 
Street network (centrality) 

Berghauser Pont et al (2017) 
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3.2. Building type 

As mentioned previously, studying building type is crucial for understanding urban form 

as building type is the fundamental element making up an urban form (Kropf, 2014; 2018; 

Moudon, 1997) or the smallest increment of growth in a city (Katz, 1994). What is more, 

building type is a spontaneous living concept related to a culture in time and space, as 

claimed by Muratori and Caniggia cited by Li (2015). Therefore, both the classification 

systems and the characteristics commonly used to demonstrate building types in the 

literature are explained in this section. 

3.2.1. The classifications used from the literature  

Larkham (1998) recognises that Brunskill (1978)’s Handbook of Vernacular Architecture is 

arguably the first or the most classic research associated with building typology, 

enumerating building types from external characteristics (materials, styles, etc.) to form 

and function (or use), where the two characteristics are also regarded as the most widely 

used criteria to classify building types by Katz (1994) and by Moudon (1994).  

Moreover, Parolek et al (2008) identify that building type is often administered privately 

by the developer, and often through the use of a town architect in projects. In their 

classification, courtyard and side yard are defined by the specific placement and 

configuration of the building or group of buildings to create physical space between and 

within the buildings. Most building types are described by placement, height and use as 

Table 3.2-1 shows. 

When it comes to British studies, Steadman, Brown, Rickaby, Bruhns, etc. have 

established a systematic classifying methodology to describe and record the 

characteristics of buildings (Boast & Steadman, 1987; Brown et al, 2000; Bruhns et al, 

2000; Steadman et al, 1991; Steadman et al, 2000a; b). To elaborate on this, in their early 

research, building form (detached, semi-detached, and terrace) and floor area are the 

two main criteria adopted by Steadman et al (1991), and they further analyse the 

relationship between building form and floor area to describe and present the spatial 

characteristic of building types. For example, E/F, the ratio of exposed wall area (E) to 

floor area (F) is one of the important indicators in the research as it suggests the openness, 

accessibility to the street, and also the level of natural light (when the value of E/F is 
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greater, it is likely to have more natural light, or more access to the street as the value of 

exposed wall area has a positive impact on it). Moreover, they study buildings based on 

architectural morphology, and focus on the interior and exterior construction of buildings, 

categorising them by shape and configurational features. In addition, their research 

provides a “built form recipe”, the complete and explicit description of the interior and 

exterior design or placement of buildings, such as rooms in a house plan, the size of rooms, 

exposed wall area, glazing area, roof types (plan areas, sloping areas and materials) and 

wall types.  

In Steadman et al (2000b), buildings of complicated form are broken down into smaller 

component parts and these parts are classified into seventeen primary or principal forms 

and parasites forms. The principal forms are used to demonstrate both the lighting type 

and the interior room type of a building. These varied principal forms can constitute an 

office building or institutional building by repeatedly combining them. Parasites forms 

are smaller subsidiaries or attached elements of the main buildings, which are recognised 

as interface types by this thesis, therefore they are introduced in the next chapter on 

interface types.  

In terms of Taiwanese research, Chen (2007)'s and Chu (2011)'s research have more 

comprehensive discussions on building types than other related Taiwanese research. For 

example, Chu (2011) classifies the dwelling types clearly by the temporal development of 

buildings as Figure 3.2-1 shows. His research result provides a useful reference involving 

Taiwanese dwelling types for this thesis.  
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Figure 3.2-1 The development of dwellings in Taiwan (Chu, 2011), re-illustrated and translated by this thesis 
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Table 3.2-1 The classification of building form 

Form or shape Function or use Interface type or 

placement 

Style Height Lighting Size Authors 

Long houses/double 

depth 

Farmhouse Brunskill 

(1978) 

Town hall Cunningham (1981) 

Attached arcade house Duany & Plater-

Zyberk (1981) cited 

by Katz (1994) 

Attached setback house 

Detached single-family courtyard house 

Condominium  

Commercial building 

Attached house  

Detached house  

Semi-detached house 

(Large) Townhouse 

Duany & Plater-

Zyberk (1989) cited 

by Katz (1994) 

Office-Apartment 

Shopfront-Apartment 

Shopfront-Office-Apartment 

Standard Office 

Courtyard house 

Side yard house 

Tower block  

Detached single  

 Semi-detached townhouse 

Glendinning &

Muthesius (1994) 

Detached 

Semi-detached  

Terraced (converted) 

flat, bungalow Hickman (2007) 

Edwardian house Long (1993) 

Terraced house Muthesius (1982) 

Semi-detached Oliver et al (1981) 

-                    -                           -                                 -                  -

-                    -                           -                                 -                  -
-                                                                  -                           -                                 -                  -
-                                                                  -                           -                                 -                  -

              -                           -                                 -                  -
-                    -                           -                                 -                  -
-                    -                           -                                 -                  -

-

-
-                                             -                    -                           -                                 -                  -
-                                             -                    -                           -                                 -                  -
-                                             -                    -                           -                                 -                  -
-                                             -                    -                           -                                 -                  -

-                    -                           -                                 -                  --
-                    -                           -                                 -                  --

-                    -                           -                                 -                  --
-                    -                           -                                 -                  --

-                                                                  -                           -                                 -                  --
-                                                                  -                           -                                 -                  --

-                    -                           -                                 -                  -

-                    -                           -                                 -                  -
-                    -                           -                                 -                  -
-                    -                           -                                 -                  -

-                    -                           -                                 -                  -
-                    -                           -                                 -                  -
-                                                -                                 -                  --                                   -

-                                             -                    -                           -                                 -                  -
-                                             -                    -                           -                                 -                  -
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Form or shape Function or use Interface type or 

placement 

Style Height Lighting Size Authors 

Detached 

Semi-detached 

Terraced 

apartment block, single-

family houses, multi-family 

houses 

Oliveira et al (2015) 

Andar-moradia 

Mansion apartment Parolek et al (2008) 

Duplex house 

Triplex house 

Fourplex house 

Linear house 

Town house 

Town house 

detached garage 

tuck under garage 

Detached 

Detached 

single-unit 

single-unit 

detached garage 

tuck under garage 

Detached single unit side yard 

Dethatched 

Attached  

live-work units 

live-work units 

commercial block 

commercial block 

commercial block  

Low-rise 

Mid-rise 

High-rise 

stacked units 

stacked units 

stacked units 

Low-rise 

Mid-rise 

High-rise 

apartment Courtyard 

Carriage house 

Bungalow court 

Side yard housing 

-                    -                           -                                 -                  -
-                    -                           -                                 -                  -
-                    -                           -                                 -                  -

-                                   - -                                                 -                                 -                  -
-                    -                           -                                 -                  --

-                                             -                    -                           -                                 -                  -
-                                             -                    -                           -                                 -                  -
-                                             -                    -                           -                                 -                  -
-                                             -                    -                           -                                 -                  -
-                                                                  -                           -                                 -                  -
-                                                                  -                           -                                 -                  -

-                           -                                 -                  -
-                           -                                 -                  -
-                           -                                 -                  -

-                    -                           -                                 -                  -
-                    -                           -                                 -                  -

-                                                                                 -                    - -                  -
-                                                                                 -                    - -                  -
-                                                                                 -                    - -                  -
-                                                                                 -                    - -                  -
-                                                                                 -                    - -                  -
-                                                                                 -                    - -                  -

-                           -                                 -                  -
-                    -                           -                                 -                  -
-                    -                           -                                 -                  -

-
-
-
- -                                                                  -                           -                                 -                  -
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Form or shape Function or use Interface type or 

placement 

Style Height Lighting Size Authors 

Detached 

Semidetached 

Terrace 

Boast & Steadman 

(1987) 

Detached 

Semidetached 

Quarter-detached 

Terrace 

Back-to-back 

apartment, shop, office 
Steadman et al 

(1991) 

Daylit 
Artificially lit 

cellular, 

hall, 

open-plan 

Steadman et al 

(2000a)  

Row house 

Whitehand et al 

(2011) 

Villa  

Flat 

Shopfront building 

Commercial building 

Residential and commercial 

Institutional building 

Institutional/community building 

Flats multi-storey of up to 9 

Building of 10 or more stories 

Traditional 

Inter-war 

Modern 

-                                             -                    -                           -                                 -                  -
-                                             -                    -                           -                                 -                  -
-                                             -                    -                           -                                 -                  -

-                    -                           -                                 -                  -
-                    -                           -                                 -                  -
-                    -                           -                                 -                  -
-                    -                           -                                 -                  -
-                    -                           -                                 -                  -

-                    -                           --                                    -

-                                             -                    -                           -                                 -                  -
-                    -                           -                                 -                  --
-                    -                           -                                 -                  --
-                    -                           -                                 -                  --
-                    -                           -                                 -                  --
-                    -                           -                                 -                  --

-                    -                           -                                 -                  --
-                    -                           -                                 -                  --

-                  -

-                  -

-                    -                   

-                    -                   -                                    -

-                              -                                    -
-                              -                                    -
-                              -                                    -

 -                                 -                  -
 -                                 -                  -
 -                                 -                  -
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Form or shape Function or use Interface type or 

placement 

Style Height Lighting Size Authors 

Detached house 

Semi-detached house 

Terrace house 

Whitehand et al 

(1999) 

Taiwanese research 

Detached 

Row 

Duplex 

Collective 

Land and Building 

Use Items, Zoning 

Regulation, Taiwan 

Flat  

Condominium  

Single family  

Villa  

Farmhouse  

Public housing  

Commercial tower 

Public facility  

Real Estate Database, 

and Land Use 

Investigation of 

Taiwan  

Duplex 

Row 

Complex 

Chen (2007) 

Single family 

Condominium  

Apartment 

Commercial tower 

Public facility 

-                                             -                    -                           -                                 -                  -

-                                             -                    -                           -                                 -                  -
-                                             -                    -                           -                                 -                  -

-                                             -                    -                           -                                 -                  -
-                                             -                    -                           -                                 -                  -
-                                             -                    -                           -                                 -                  -
-                                             -                    -                           -                                 -                  -

-                                             -                    -                           -                                 -                  -
-                                             -                    -                           -                                 -                  -
-                                             -                    -                           -                                 -                  -

-                    -                           -                                 -                  -
-                    -                           -                                 -                  -
-                    -                           -                                 -                  -
-                    -                           -                                 -                  -
-                    -                           -                                 -                  -
-                    -                           -                                 -                  -
-                    -                           -                                 -                  -

-                    -                           -                                 -                  -

-
-
-
-

-
-
-

-

-                    -                           -                                 -                  -
-                    -                           -                                 -                  -
-                    -                           -                                 -                  -
-                    -                           -                                 -                  -
-                    -                           -                                 -                  -

-
-
-

-
-
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Form or shape Function or use Interface type or 

placement 

Style Height Lighting Size Authors 

triplex  Traditional Chu (2011) 

Row house 

Row  

Collective house 

single family house 

Shopfront house 

Modified house 

Public housing  

Suburban villa 

Community flats 

Temporary/illegal building 

1-2 storeys or 2-3 storeys 

3 storeys 

3 storeys 

Flats 

Flats 

under 4 storeys 

4 to 5 storeys 

multi-storey apartment 

multi-storey apartment 

Mid-rise (7-14 storeys) 

High-rise over 15 storeys 

Japanese house 

Detached 

Semi-detached 

Row 

Collective 

Flat, condominium, single 

family, Military dependents’ 

village, commercial building, 

public building, traditional 

house, temporary house  

This thesis 

-                              -                                    -  -                                 -                  -

-                                                                                 -                    - -                  -

 -                                 -                  --                                             -        
-                                             -                    -                           -                                 -                  -

-                                             -                    -                           -                                 -                  -
-                    -                           -                                 -                  -

-                                                                                 -                    - -                  -
-                                                                                 -                    - -                  -

-                    -                           -                                 -                  -
-                    -                           -                                 -                  -
-                    -                           -                                 -                  -

-

-
-
-                                                                                 -                    - -                  -

-                                                                                 -                    - -                  -
-                                                                                 -                    - -                  -
-                                                                                 -                    - -                  -

-                    -                           -                                 -                  -
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The list of building types shown in Table 3.2-1 is compiled from the existing literature in 

Western and Taiwanese academia according to the criteria they use, namely form or 

shape, function or use, interface type or placement, style, height, lighting and room size. 

Moreover, from Table 3.2-1, two statements are concluded by this thesis. 

(1) Form (or shape defined by Steadman et al, 1991) and function are the most widely 

used characteristics to describe the types of buildings, and this thesis also decides to 

combine these two characteristics as a criterion to represent the building types 

recognised in the fieldwork (for details, see Section 5.2.2). 

In addition to the features shown in Table 3.2-1, some specific features are also commonly 

used to depict building types. For example, materials are used by Brown et al (2000), 

Brunskill (1978) and Steadman et al (2000a); the age of a building is identified by Brown 

et al (2000) and Whitehand et al (2011); roof type and floor areas are employed by Brown 

et al (2000) and Steadman et al (2000a), whilst configuration is used by Hickman (2007) 

and Steadman et al (1991) to describe domestic and non-domestic British houses.  

(2) Moreover, Table 3.2-1 reveals that some of the existing classifications are not so 

systematic or adaptable to different city contexts. For example, concerning the building 

types identified by Duany & Plater-Zyberk (1981; 1989) cited in Katz (1994), some are 

recognised only by their forms, e.g. attached or detached house, but some are 

simultaneously identified by their forms and interface types, such as attached arcade 

house and attached setback house; and some are recognised by their placement, e.g. 

courtyard or side yard house, whilst some are identified by their use or function, e.g. 

office, shopfront or apartment. Comparably, in Taiwanese research, for example in Chu 

(2011)’s classification, some building types are particularly distinguished by their height 

(e.g. four- or five-storey flats, or flats under four storeys, and mid-rise apartment or high-

rise apartment). However, there should be a range of height, or existing representative 

height of row houses, row single family houses, suburban villas, community flats, etc. 

following the same rules.   

Therefore, this thesis develops a systematic system (x-y matrix) to account for all the kinds 

of urban form, and to avoid the double-counting or omission of form types. That is, the 

building types defined in this thesis are the combinations of building forms and building 

functions, yet the features of materials, age, height and use are also recorded in each 
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single observed building. This classification method is similar to the systems employed by 

Oliveira et al (2015) and Steadman et al (2000a), where the basic criteria of building types 

are decided first, consequently, the building types are the outputs produced by combining 

these criteria. For example, Steadman et al (2000a) decide on two lighting types (daylit 

and artificially lit) and three different room sizes (cellular, hall and open-plan) for the 

criteria of classification. As a result, there are six building types: daylit cellular, daylit hall, 

daylit open-plan, artificially lit cellular, and so on. Likewise, in this thesis, there will be 32 

building types theoretically produced by plotting four forms and eight functions. 

Moreover, the criteria and the x-y matrix developed by this thesis are similar to the system 

used in Oliveira et al (2015), where the two classification systems can be compared 

between Figure 3.2-2 and Figure 7.1-1. However, the categories of function (x-axis) and 

of form (y-axis) designed by this thesis are slightly different from Oliveira et al (2015), due 

to the different urban contexts surveyed between these two studies (Taipei vs. Porto).  

3.2.2. The definitions of recognised building functions and forms in Taiwan 

Following these, the categories of building functions and of building forms are decided, 

and their definitions are introduced below. 

Building functions 

Figure 3.2-2 The classification used by Oliveira et al (2015: p.81) but re-produced by this thesis 
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• Flats, the use of flats in Taiwan often denotes a housing block of lesser quality meant

for lower-income groups and generally consist of five or six storeys without lifts or

receptions, while a condominium is relatively more luxurious.

• Condominium, the form of housing tenure and other real estate property where a

specified part of a piece of real estate is individually owned while use of and access

to common facilities, such as an air-conditioning system, lifts, and exterior areas are

executed under legal rights associated with the individual ownership, and which also

has a security management office. The structure is at least seven storeys with lifts

(complying with laws) in Taiwan.

• Single family is peculiarly called Tou-Tain-Cuo [透天厝] in Taiwan (Chu, 2011). This

type means that the building is occupied by just one household or family with two

to four storeys and consists of several dwelling units or suites.

• Military dependents’ village is a specific type of community built in around the

1950s in Taiwan in the historical context that the Government of the Republic of

China retreated from mainland China to Taiwan in 1949. Thus, the original purpose

of military dependents’ villages was to serve as provisional housing for the fled

soldiers of the army and their dependents. However, they ended up becoming

permanent settlements, but many of them have suffered from housing dereliction,

abandonment and urban decay over time, where the issues are related to poorly

constructed low-rise houses as they were built hastily and with limited funding (He,

2001). Nowadays, most of them are rebuilt according to related urban renewal

policies, whilst some are carefully preserved as historic sites.

• Traditional houses are the dwellings built a hundred years ago, and particularly

referred to as Han house type (Wang & Wang, 2008). They are mostly made of bricks,

tiles and wood (Chang, 2007).

• Temporary house can be referred to as official buildings or constructions permitted

by construction authorities for a temporary purpose within a short period of time.

However, it also refers to illegal constructions, which are either built without

permission or have not been demolished over the permitted time. For temporary

use, temporary houses are usually built up by light, cost-efficient materials, such as
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iron sheets, due to the advantages of being flexible to reassemble. 

Building forms 

According to Harris (2005)’s definition, a detached house is simply defined as a house 

that stands completely alone, not sharing a wall with another house, whilst semi-

detached house is a dwelling whose one side wall is a party or plot-line wall adjacent to 

another house. A row house is one of an unbroken line of similarly constructed houses in 

a row sharing one or more sidewalls with its neighbours, whilst terrace house is one 

specific type of row house but situated on a terrace. Similarly, Steadman et al (1991) 

identify buildings as detached, semi-detached and terrace houses according to the 

numbers of exposed sides (or external walls) of the building; for example, the detached 

type has four exposed sides, the semidetached three exposed sides, and the terrace 

house two opposite exposed sides. However, the term “terrace” was replaced with row 

houses in this thesis as the use of the translation of row houses is more common in 

Taiwanese academia (e.g. Chi, 2011; Chen, 2007). 
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3.3. Open space type 

The open space discussed in this thesis is precisely referred to as void (as defined by Kropf, 

2014), which is deducted from a solid building construction within a plot, or a block. It is 

worth noticing that, these open spaces (or voids) remaining between buildings, or 

between buildings and streets, can be classified into interface spaces when interfaces are 

broadly defined as spaces between different urban form elements. However, as far as 

interface is concerned, a variety of interface types (especially in front of buildings adjacent 

to streets) has been precisely recognised and defined following certain classification 

systems in the literature (see Chapter 4), whereby the definition of open space mentioned 

here is particularly referred to as building placement, or the location of open space within 

the plot or block. The definition of open space is similar to the idea adopted by Parolek 

et al (2008) in that it is when buildings have specific open space types, such as a courtyard, 

the spaces can be regulated in terms of its size and location following the building form 

standard. 

Therefore, open spaces are categorised by their locations into six types: front yard, 

backyard, side yard, courtyard, court and large garden (as illustrated in Figure 3.3-1). 

Having said that, according to Marshall (2015)’s classification of open spaces (so-called 

residual plot space in his paper), both front and back yards are defined as type Bo, i.e. the 

unbuilt area of a plot.  

For a clarification of yards or gardens, this thesis uses yards instead of gardens to define 

these spaces for a number of reasons. According to the Oxford dictionary, Cambridge 

dictionary and Dictionary of Architecture and Construction (Harris, 2005), a garden is a 

plot of land adjoining a house, principally used for growing flowers, grass and other plants 

(ornamental plants, shrubs, vegetables and fruits). A yard is an area of land or 

uncultivated ground adjoining a building as a part of the plot but open to the sky, typically 

one enclosed by walls or other buildings; besides this, a yard is normally referred to as a 

garden of a house in the U.S. (for example, front yard and backyard used by Hess, 2008). 

To conclude, a yard and garden both mean the same open space, but a garden specifically 

includes plants or vegetation. Following this, as mentioned above, the open space types 

identified by this thesis are based on their locations. Therefore, the planting seems less 

important in this case. That is, yard used in this thesis does not necessarily include plants, 

especially because a lot of front door spaces are merely used as a transition area for 
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entering a building instead of being used for a special purpose or gardening. In this sense, 

a yard can broadly describe an open space left out within the building plot. However, a 

large garden remains as a specialised term from its original definition in Bobić (2004).  

In the following sections, these six types are explicitly described by their spatial form 

characteristics, use, or even the relationship to the street. 

3.3.1. Front yard 

Form and use 

In Bobić (2004)’s classification, there are three sizes of front yards: deep, small, and 

shallow. To enumerate on these types, Bobić (2004) finds that deep front yards (around 

six metres from the property line) used as driveways are the most conventional type at 

the Alamo Square district in San Francisco. In addition, small front yards (up to three 

metres deep) are commonly found being placed in front of row houses by Bobić (2004), 

and householders usually combine them with landscaping features (e.g. walls, fences and 

hedges, for a definition of landscaping feature refer to Section 4.1.2: p.95). Shallow front 

yards (one to two metres deep) are regarded as a buffer between the building and 

pavement, and can be used to maintain house services, usually combined with greenery 

(ibid).  

Relationship to streets 

In terms of interaction with street activity, scales, especially the distance between 

building frontage and streets, is a critical factor to balance the relationship between 

domestic purpose and public social activity as Hess (2008) claims that small front yards 

Figure 3.3-1 The illustrations of open space types produced by this thesis 
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can address public pavement. This idea can even be articulated by Alexander et al (1977)’s 

words, “If a garden is too close to the street, people won't use it because it isn't private 

enough. But if it is too far from the street, then it won't be used either, because it is too 

isolated (p.545).” In addition, Ewing (1999) further points out the critical measurement 

that small setbacks contribute to strong connections to the street, but when the distance 

is farther than 7.5 metres from the street edge, they lose their tangible connections to 

the street. What is more, in an automobile-oriented area, the use of front yard is found 

to be highly related to parking and driving behaviour by Hess (2008) as Parolek et al (2008) 

agreed that a front yard is suitable for vehicular drop-offs. Therefore, vehicle parking 

capacity of front yard is considered in terms of recognising the scale of open space; for 

example, whether the space is able to accommodate parking a bicycle, a moped, or a car 

in (as showed in the observation lists: Table 5.23) 

In addition to scale, both visual and spatial access to this space significantly influence how 

residents use it. For example, Alexander et al (1977) claim that a half-hidden garden is 

most suitable for householders to use because it is surrounded by a wall to maintain a 

user’s privacy from direct exposure to the street; but also open enough through paths or 

gates, so that people could still have a glimpse of the street. It is common to see dwarf 

walls or iron railings used to reinforce separation from the street (Bobić, 2004). This point 

of view is based on residents’ privacy and preference, yet this research places more focus 

on the environment, which could invite more pedestrians. A half-hidden garden, or an 

entirely open front garden directly providing a continuous and wide view to cheer up 

pedestrians might encourage more neighbourly walking (Alexander et al, 1977). 

3.3.2. Backyard 

Form and use 

Backyard used in this thesis is broadly referred to as open space at the rear of a house. 

But more precisely, Hess (2008) defines a backyard to be usually reserved as a purely 

private garden for the household by being fenced off from neighbouring spaces since the 

post-war period in the U.S. However, he also reminds readers that a backyard was 

previously used for storage and work, and then had become more like a garden than a 

place of work; for example, in New Jersey, a backyard still adjoins community park land. 

As mentioned before, yards usually function as gardens in the North American speaking 
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world, as they do in Hess (2008). 

Relationship to streets 

Moreover, Hess (2008) finds that the location of a backyard (whether adjacent to an alley 

or not) and its use are highly related to residents' social activity and even travel behaviour 

in some urbanist designed neighbourhoods. For example, if the plots or block layout is 

like (A), the backs will be private and enclosed gardens, and residents will relay more on 

the front yards when they have activity. By contrast, if the layout is like (B), people tend 

to have a automobile-oriented life, and rely on backyards, where the garages are located 

(ibid).  

However, this research assumes that front yards influence mode choice more than back 

gardens do because, according to the preliminary fieldwork, most private parking spaces 

(including garages) are located in front of houses rather than in backyards, so it is likely 

that residents use front yards more frequently than backyards in Taiwan. Therefore, this 

thesis focuses on the types and characteristics of front yards rather than backyards. 

3.3.3. Side yard 

Form and use 

Bobić (2004) claims that side yard protects privacy better than the front yard as it is more 

enclosed. A deep and contained shape is characteristic of a side yard, which not only 

Figure 3.3-2 illustrated by this thesis according to the descriptions in Hess (2008) 
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provides spared outdoor room for family life, but also visually broadens the street corridor 

(ibid).  

Relationship to streets 

Compared to front yards (more open but less private) and backyards (more isolated and 

remote from the street), side yards are private enough but still have connections to 

streets, with Alexander et al (1977) suggesting that children would prefer to play in side 

yards. Similarly, Bobić (2004) suggests that if a doorway is placed on the side yard, it might 

increase the use of this space and enhance the neighbouring interaction, because it 

provides good protection and privacy, away from the direct view from the street. 

3.3.4. Courtyard 

Form and use 

According to Harris (2005)’s definition, a courtyard is an inner open area of ground 

partially or fully enclosed by buildings or walls (as Figure 3.3-1 shows). The space could 

be regarded as a transition between indoors and outdoors for residents. For example, 

residents could gather and share activities together whilst there is a high level of privacy 

because only residents are permitted to access it (Bobić, 2004). In addition, an atrium is 

one kind of courtyard, which is an internal (or semi-public) void within or between 

buildings open to the sky (Hung & Chow, 2001), or usually roofed by glazed material as a 

covered courtyard in large shopping malls or office buildings (Sharples & Lash, 2007; 

Steadman et al, 2000b; Yeang, 2000). For more details, Hung & Chow (2001) classify 

atriums into four types according to the number of sides of atrium which are surrounded 

by a building (see Figure 3.3-3). For example, a four-sided atrium is totally internal and 

called centralised (a), and a three-sided atrium has one open end and is referred to as 

semi-enclosed (b), and so on. Furthermore, an entrance patio is a special type subsumed 

under atriums, consisting of a grand entrance space, a sheltered semi-public area 

connected to the outside environment (Bobić, 2004; Harris, 2005). Bobić (2004) 

recognised the patio is characteristic of Spanish and Roman houses.  



77 

Broadly speaking, the difference between courtyards and atriums is that atriums are 

usually roofed and glazed. More precisely, from Hung & Chow (2001)’s and Bobić (2004)’s 

definitions, a courtyard must be enclosed on all sides, yet an atrium can exist in varied 

forms, which are related to research on domestic lighting strategy, ventilation and energy 

consumption. Therefore, to clarify what is considered to be courtyards and atriums, 

courtyards are concluded by this thesis to be fully enclosed spaces but completely open 

to the sky, whilst atriums are roofed by glazing or other transparent materials.  

3.3.5. Court 

A court is defined as an open, uncovered, and 

unoccupied space surrounded by walls or buildings by 

Harris (2005). Bobić (2004) more precisely defines a 

court to be a contained outdoor room adjacent to a 

group of buildings, yet opened on one side to the 

streets, so it could be also regarded as an extension of 

them. Moreover, courts can give a full physical sense of 

transition to the houses, whilst being transparent on the 

street side, so that pedestrians could perceive or use 

this space as part of a public place (ibid). 

3.3.6. Large garden 

A large garden is identified by Bobić (2004) as a composition of a front yard, side yard and 

backyard, and usually surrounds a detached house or a villa. Bobić (2004) claims that the 

Figure 3.3-3 The illustrations of four types of atrium extracted from Hung & Chow (2001) 

Figure 3.3-4 An example of a court 
extracted from Bobić (2004: p.93) 
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depth of the garden provides a dual psychological effect that the house is distanced from 

the pavement while its front garden is visually experienced as a part of green public space. 

He also suggests that when a large garden is surrounded by a row of trees, high fences or 

hedges, privacy increases as a slightly more urban expression of the setting can be 

achieved. 
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3.4. Street type 

Street type is recognised in Conzen’s schema as one of the elements constituting urban 

form and appears higher up hierarchy than both plot and building type, the other 

components (Kropf, 2014; 2018; Whitehand et al, 2011). In addition, street type has been 

regarded as a significant and widely discussed subject in urban morphology and in 

transport-related research, and also in urban or transport planning. As pointed out by 

Marshall (2004), there is increasing recognition of the significance of the street to urban 

design since streets can function as architectural ensembles and also work as trunk roads. 

For example, Haggett & Chorley (1969), Louf & Barthelemy (2014) and Sevtsuk et al (2016) 

study streets on their typological and spatial patterns, whilst Calthorpe (1993) and Hillier 

& Hanson (1984) focus on function, hierarchy or the network/connectivity of streets; 

besides these, Johnson (2009); Jones & Boujenko (2011) discuss the influence of street 

design on urban life from the perspective of transport planning and policy. The massive 

focus placed on street type in both academic and practical planning areas is related to the 

critical characteristic of street type that it leads from description of type to prescription 

of type (Marshall, 2004).  

Moreover, the spatial characteristics of street space (or street room) are regarded as an 

influential factor in physical activities by studies referring to travel behaviour or public life. 

To elaborate on this, in the research about public life (e.g. Gehl, 1987; 2011; Gehl & Svarre, 

2013; Jacobs, 1961; Remali et al, 2015), streets are treated as public rooms 

accommodating a variety of street activities, which also corresponds to streets referred 

by Katz (1994) as communal rooms and passages. In the travel behaviour research, the 

network and accessibility of street system (e.g. number of intersections) are also 

popularly discussed (e.g. Krizek, 2003a; b; Lin & Chang, 2008; Lin & Yang, 2009; Stead, 

2001), yet these studies analyse the relationship between travel behaviour and 

accessibility of streets generally from a regional (or macro-spatial) view. Following this, 

the types of accessibility of streets are not recognised in the classification by this thesis 

as this thesis focuses on the neighbourhood-scale or micro-spatial-scale environments, 

and their related localised travel activities (especially walking). 

3.4.1. The classification systems from the literature 

In terms of the classification of streets, the systems of street recognition and classification 
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are various, and are sometimes complicated as any street is able to have “multiple 

personalities” (Marshall, 2004: p.3) simultaneously depending on the purpose behind the 

classification. To illustrate this, in typological research, streets could be identified by their 

form or pattern and categorised into linear, tree, radial, cellular and hybrid types 

(concluded by Marshall, 2004: p.91). In transport network planning, they are classified 

into major artery, collector street, etc. by their hierarchies, which are identified in 

Taiwan’s Urban Road Act and also in Jones (1986) and Elizer et al (2008). Or, in public life 

studies (Alexander et al, 1977; Chen, 2007), they are defined as pedestrian street (or path), 

shopping street, cycle lane, etc. according to the function and users. Having said that, 

street is weighted more on its transport function as an urban road rather than its social 

function as a street room or public place for activities in the classification of street by this 

research.  

Following these, for the existing classifications of street types, Table 3.4-1 only shows 

some representative classifications concluded by this thesis, but refer to Streets and 

Patterns written by Marshall (2004), especially Chapter 3 and Appendix 3, for the 

comprehensive classifications and enumerated lists of street characteristics which have 

been discussed in the literature. To briefly introduce the book, he reviews and identifies 

the influence of street patterns on urban issues by establishing an explicit understanding 

of street typology, and revealing the existing classification schemes, descriptive 

frameworks, and quantitative methods for analysis with a holistic discussion and 

suggestion from the grounding theories. Particularly in Chapter 3, he looks into detail at 

how streets can be or have been classified by the concepts of hierarchy, pattern, routing, 

connectivity and structure. In addition, the purposes of classification and the criteria of 

streets which can be or have been identified to demonstrate the characteristics of street 

types are all explicated in the book (e.g. form, function, intended use, actual use, 

relationship to other roads, and official designations).  
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Table 3.4-1 The classification of street type 

Function or hierarchy User 
Form 

Authors 
Shape Scale Planting 

Promenade 

Shopping street 

Bike path 
 Pedestrian street 

Alexander et al (1977) 
    Looped local road 

Building thoroughfare 

 Ring road 
Parallel road 

 Green street 
Trellised walk 

Primary distributor 

District distributor 

Local distributor 

Access distributor 

Residential road 

Major access road 

Collector road 

Access road 
Access way 

Bentley (1985) 

Arterial thoroughfare 

Connector street 

Commercial street 

Local street 

Alley 

Calthorpe (1993) 

-                                    -                          -                     
-                                    -                          -                     

-                                    -                          -                     
-                                    -                          -                     

-                          -

-                          -

-                                  -
-                                  -

-                          -
-                          -

-                                  -

-                                  -

-                                    -                            

-                                    -                            
-  -                                    -                          -                     
-  -                                    -                          -                     
-  -                                    -                          -                     
-  -                                    -                          -                     
-  -                                    -                          -                     
-  -                                    -                          -                     
-  -                                    -                          -                     
-  -                                    -                          -                     
-  -                                    -                          -                     
-  -                                    -                          -                     
-  -                                    -                          -                     
-  -                                    -                          -                     
-  -                                    -                          -                     
-  -                                    -                          -                     
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Function or hierarchy User 
Form 

Authors 
Shape Scale Planting 

Freeway 

Highway/Expressway 

Artery 

Collective 

Major 

Secondary 

Service (lane, alley) Chen (2007) 

Varied street 

Pedestrian path 
 Bikeway 

 Bridge/Underpass 

 Covered street  
Shopping mall 

Road 

Street 

Main business street 

Country thoroughfare 
Duany & Plater-Zyberk (1981;1989) cited by Katz 

(1994) 
Canal condition 

Alley (R, C types) 

    Main business boulevard 
Main canal boulevard 

Highway 

Major 

Secondary 

Service 

Urban Roadway Regulation 

-  -                                    -                          -                     
-  -                                    -                          -                     
-  -                                    -                          -                     
-  -                                    -                          -                     

-  -                                    -                          -                     
-  -                                    -                          -                     
-  -                                    -                          -                     

-                                    -                          -                     
-                                    -                          -                     
-                                    -                          -                     

-                          -                     
-                          -                     
-                          -                     

-  -                                    -                          -                     
-  -                                    -                          -                     
-  -                                    -                          -                     

-  -                                    -                          -                     
-                                    -                          -                     

-  

-  -                                    -                          -                     
-  -                                    -                          -                     
-  -                                    -                          -                     

-  -                                    -                          -                     
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Function or hierarchy User 
Form 

Authors 
Shape Scale Planting 

Major 

Secondary 

Service 

Pedestrian path 

Cul-de-sac 

Fire lane 

Parking space, parking space and painted pavement,  

parking space and kerbed pavement, painted pavement,  

kerbed pavement, striped crosswalk, striped crosswalk and cycle lane, 

bollard, median and kerbed pavement   

(for the details refer to Section 7.2.2) 

This thesis -  
-  
-  

-  
-  

-  
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Corresponding to Marshall (2004)’s claim, Table 3.4-1 also shows that most the street type 

can be recognised as falling into four categories, form, use or function, relation and 

designation. However, as discussed before, Table 3.4-1 reveals that some of the existing 

street classifications do not seem to be very systematic, or the logic behind them is not 

easy to follow and apply to different city contexts. For example, for the categories of street 

types identified by Duany & Plater-Zyberk (1989) cited by Katz (1994), some are identified 

by the scale, e.g. alley R, alley C, and road, yet some are named by their scale and function, 

such as main business street, whilst some are based on function, form and design 

simultaneously, such as main business boulevard and main canal boulevard. The 

confusion of street classification also noticed by the Institution of Civil Engineers (cited in 

Marshall, 2004) that streets can have a variety of different characteristics, for example, 

official designations and other possible bases for distinction, which could be present 

concurrently. The confusion arises from the different purposes of classification. 

However, to avoid the confusion or ambiguity of the classification, this thesis uses the 

same system (x-y matrix), which is also employed to classify building types here, to 

recognise all the street types. Street types are defined by the intentionally decided basic 

criteria, which are road form and road function. Consequently, the street types are the 

combinations produced by plotting the road forms (parking space, painted pavement, etc.) 

against the road functions (major, secondary, etc.). More precisely, the road forms are 

also the combinations of the design of right-of-way areas and the design of road edges 

between building frontage and street line, such as the plan of carriageways, the width 

and length of road, on-street parking space, pavement, planting and street furniture (for 

the details, refer to Section 7.2.1).  
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3.4.2. The definitions of recognised street functions in Taiwan 

Following these, the categories of street functions used in the thesis are defined below. 

• Major roads are the main arteries connecting different districts within an

urban area or leading to the neighbouring cities or towns, according to the

definitions from the Urban Road Act, and Design Directions of Urban Roads

and Accessory Works.

• Secondary roads are within the network, connecting to major roads and to service

roads between different districts or between neighbouring cities or towns within

an urban area (ibid).

• Service roads serve the local traffic within the neighbourhood, or channel the

local traffic to secondary roads, such as lanes and alleys (ibid).

• Pedestrian paths, the roads only serve pedestrian traffic but structurally differ

from pavements. There is usually a distinct boundary between the entrance of

pedestrian paths and normal roads by means of a changing surface design,

changing surface elevation, or inserting bollard-like obstacles along the edge.

• Cul-de-sac roads adopted by this thesis is a broader meaning as a lane or alley

closed at one end (Harris, 2005). However, in the U.S. planning, a cul-de-sac is

more often referred to as a specific street type: curvilinear streets with dead ends

or "loop and lollipop" streets, which are usually found in automobile-dependent

landscapes, and designed to accentuate privacy, but also isolated and segregated

from street life or social network (Ford, 2000b; 2001).

• Fire lane is a reserved interval between buildings, which is used to prevent the

spread of fire from one building to another neighbouring building. According to

the Building Technique Regulation 1982 reg. 110 in Taiwan, buildings built before

2003 must have a gap at least 1.5 metres’ wide between buildings (side by side or

back to back) that is kept clear. By contrast, according to the latest Building

Technique Regulation 2014 ch4 reg. 110, buildings permitted to be built after 2003

have no certain interval required as a fire lane, yet the external walls of the

buildings need to be made of certified fire resisting material.
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To sum up, this chapter has reviewed and recognised the composition of urban form, 

where urban form generally is agreed to be composed of building, plot, street and open 

spaces (regarded as part of interfaces by this thesis). Similar to what this thesis concluded 

in Chapter 2, most of researchers do not recognise interface is one individual component 

of urban form types, although they to some extent describe some of interface within the 

contexts of building types or streets types. Moreover, as Table 3.2-1 and Table 3.4-1 

revealed, the classification system of building types and street types identified by some 

existing studies, are not that systematic to follow up or that adaptable to different urban 

contexts. Related to the unknown field of interface types and the various classification 

systems, this thesis therefore reviews interface types comprehensively in Chapter 4, and 

also proposes a systematic and statistical method to classify urban form types, including 

building types, street types and interface types in Chapter 5. 
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Chapter 4: Interface types in the literature review and from fieldwork 

Interface has been regarded as one of the critical concerns not only in architecture, urban 

design, and urban planning, but also in urban sociality and economics (Dovey & Wood, 

2015; Kamalipour, 2016). This is because comprehending interface types is a crucial step 

in diagnosing urban issues as interface space is the place where social encounters and 

economic exchanges take place (Dovey & Wood, 2015; Kamalipour, 2016).  

However, despite the importance of interfaces, studies researching interface type as an 

integral element of overall urban design are still relatively scarce not only in the literature 

related to the relationship between urban form and travel activity, but also in urban 

morphology since most studies prefer to treat interfaces as one of the elements 

subsumed under other urban form types. Corresponding to that, Dovey & Wood (2015) 

point out that micro-spatial details of interfaces and the present kinds of interfaces have 

been left unanalysed and yet uncategorised. This is also agreed by Kamalipour (2016) who 

states that micro-scale typologies of interfaces are limited although the study of urban 

edges has been discussed by urban design theory since the 1960s. Moreover, from the 

literature reviews over the past two decades (for details, please refer to Table 2.1-1, Table 

3.2-1 and Table 3.4-1), there are around twenty studies respectively focusing on the 

classification of building types and on the classification of street types as buildings or 

streets as a completely identified component of urban form. By contrast, only three 

studies, Bobić (2004), Dovey & Wood (2015) and Kamalipour (2016), not only recognise 

the integrity of ‘interface type’ as an individual component of urban form and give 

interfaces a more precise definition, but also classify interface types into some specific 

groups more systematically than other studies which focus on some particular types of 

interfaces, especially frontage types or façade types, such as front gardens, porches, 

garages, etc. (e.g. Alexander et al, 1977; Ford, 2000a; b; Gehl, 1986; 2011; Parolek et al, 

2008; Steadman et al, 2000b). 

In addition to identifying interface space from the literature, this chapter also focuses on 

establishing a complete catalogue of all the possible interface types (Section 4.2), so that 

they could be used as reference for an investigation list of interface type for fieldwork. 
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However, the catalogue in Section 4.2 is the product compiled not only from the literature 

but also from partial empirical results as some interface elements were only found during 

fieldwork and have not been recognised by other studies yet (e.g. firewall and signboard). 

Moreover, to structure these possible interface elements in a systematic way, this thesis 

classifies interfaces into seven categories according to their positions to streets and 

functional characters (Section 4.2.1), and enumerates these interface elements following 

the order of this classification (Section 4.2.2). In addition, the classification of interfaces 

is coherent throughout the thesis; for example, from cluster analyses (e.g. Table 6.2-8) to 

the final interface types in Chapter 8, the interface types are named following the order 

of the categories. 

To provide a comprehensive understanding of the possible and individual interface 

elements, in Section 4.2.2, this thesis elaborates typological characteristics and functional 

details of these interface elements both from the literature and from fieldwork. Therefore, 

this thesis can not only present the existing definitions of the interface elements, but also 

present or compare the similarities or differences between the literature and the actual 

uses of interfaces in Taiwan. Following this, Chapter 8, the empirical results of interface 

types, is limited to the elaboration of the final interface types, which are clustered and 

recognised by this thesis. That is, details of the possible and individual interface elements 

are enumerated in this chapter, whilst typo-morphological details of the final interface 

types are presented in Chapter 8. 

 

4.1. The definition and importance of interfaces 

As defined at the beginning of Chapter 1 (refer to Figure 1.1-1), interface adopted in this 

thesis is a wide concept where it is a transitional element connecting each component of 

urban form - buildings, open spaces and streets, and functions like a mediator to glue 

different parts or components of urban form together. This idea is similar to Dovey & 

Wood (2015)’s perspective that interface is an assemblage, where a cluster of 

interconnections assemblages at multi-scales of buildings, streets, neighbourhoods, etc. 

For example, the interfaces between buildings and streets could be front gardens or 

pavements, and the interfaces between streets could be crosswalks or cross-over bridges 

while the interfaces between buildings could be mews or walls (for the complete list of 
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types between different urban form components, please refer to Appendix 4-1).  

Having said that, interface could be defined simply as a space between public and private 

realms, where more precisely the transition (could be a point or an area) between streets 

and building frontages (e.g. from Bobić, 2004; Dovey & Wood, 2015; Kamalipour, 2016). 

Parolek et al (2008: p.12) give it a clearer view that interfaces start from building lines 

(which prescribe consistent planes of building façades along public frontages) or property 

lines to streets as Figure 4.1-1 illustrates.  

The possible types and typological features of these frontage types are the very things 

with which this thesis is concerned. This is because most social or pedestrian activities 

happen to be engaged in within this transition between private to public realms. 

Furthermore, it creates an edge to define a well-proportioned and comfortable, 

pedestrian-oriented streetscape, the location of which can be adjusted to the desired 

level of urbanism (Parolek et al, 2008). Related to the nature of interfaces, a substantial 

amount of research claims that a better design of interfaces encourage more street 

activities (Appleyard, 1980; Dovey & Symons, 2014; Gehl 1986; 2011; Handy 1996a; b; 

2002; Hess, 2008), and lead to a more congenial and safer neighbourhood or city lives 

(Dovey & Wood, 2015; Ford, 2001; Jacobs, 1961). In this sense, this interface space has 

significant potential to be a place which can encourage people to walk. That is also why 

this thesis assumed that interface type is able to influence mode choice and walking 

behaviour.  

 

 

 

 

 

Figure 4.1-1 Illustration of interface 
space derived from Parolek et al 
(2008: p.12) 
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4.1.1. The clarification of terms involving interfaces 

transition, boundary, buffer, border, mediator, edge, frontage, walkable space 

Researchers discuss the identical space which is between private and public areas, yet use 

different terms to describe the space. In addition to ‘interface’, transition is arguably the 

most commonly used term to describe the space between two domains; for example, 

transition space used by Hess (1997); transition point or transition area in Bobić (2004); 

and transitional zone in Kamalipour (2016). Boundary is also popularly used to represent 

interfaces; for example, Hillier & Hanson (1984) define boundaries to be the relations 

between two domains of 'potential strangers’ and ‘inhabitant’, which corresponds to 

Kamalipour (2016)’s view that boundaries are framed and mediated through the relations 

between public and private spaces.  

Also, some research names this kind of space lined between different domains as buffers 

or border areas. For example, Turner et al (2006) define that the border area is provided 

along streets, between the roadway and the right-of-way line, or a wider building setback 

in residential areas. A border area should be provided for safety as well as for aesthetic 

reasons, including the provision of a buffer space between pedestrians and vehicular 

traffic, pavements, and an area for maintainable aesthetic features such as grass or other 

landscaping. Or, some research calls it a mediator between the public and private realm 

(Brown et al, 1998). Besides this, edge or building edge is also used by Gehl (1986; 2011) 

and by Alexander et al (1977) to describe the place which surrounds buildings and is along 

streets, and plays a vital role in-between domestic and street life. Gehl also further divides 

edges into soft and hard types. As mentioned above, Parolek et al (2008) precisely identify 

the interface spaces between building lines and streets, and name it as ‘frontage type’, 

which is one particular kind of interface. Moreover, Speck (2013) and Campoli (2012) both 

recognise the interfaces between private and public areas comprise the crucial space to 

form walkable spaces for pedestrians.   

However, as far as coverage is concerned, transition, boundary, buffer space, mediator 

and edge encompass all types of interface space, but frontage and walkable space are the 

subsets of interface space. Frontage describes only the interface space in front of the 

buildings, and walkable space only represents those interface spaces used for pedestrians. 

Walkable space is the area which facilitates pedestrians to walk from the outside of 
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buildings to the exterior edge of road as road is almost always planned for car use (Speck, 

2013). Most interface spaces listed in Appendix 4-1 could be walkable (although the 

quality may be varied), such as pavements, alleys, arcades, covered street, galleries, 

crosswalks, etc. That is the reason why this thesis values the importance of interface in 

encouraging people to walk owing to the fact that most interface types have the potential 

to be developed into comfortable and suitable walkable spaces.   

Following these definitions, although different terms have been introduced above, these 

suggest an identical concept of interfaces, which is the space connecting different 

elements of urban form, or the specific space between public (streets) and private 

domains (buildings). In this sense, interface, transition, boundary, buffer, border, mediator, 

edge, frontage and walkable space are all used to describe this specialised space.  

Having said that, in fact, most researchers categorise the existing types of interfaces into 

a part of buildings or streets, and they do not have a specific definition of this kind of 

space. For example, they regard arcades and front porches as partial building 

constructions (Duany & Plater-Zyberk, 1981; 1989 cited by Katz, 1994; Brown et al, 2000; 

Steadman et al, 1991), and pavements are considered as types of streets (Brown et al, 

1998; Ewing, 1999; Hess, 1997; Holtzclaw, 1994; Jacobs, 1961). Therefore, this thesis 

reviewed the research discussing any kind of interfaces to compile a catalogue of all the 

identified interface types and enumerate their particular characteristics. 

The next section introduces some key studies with extracts of their main findings which 

helped this thesis to build up the comprehensive catalogue of interface types. The 

accounted interface types are further elaborated in Section 4.2. 
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4.1.2. The key studies 

Steadman, Bruhns, Holtier, Gakovic, Rickaby and Brown, 2000b 

In their journal paper, A classification of built forms, they develop a system of classifying 

buildings into principal forms and parasitic forms. A basic distinction drawn between 

these two forms is their structural (architectural) difference. To illustrate this, the principal 

forms can be classified into six categories to describe the main buildings’ form according 

to the buildings’ two lighting types (daylit or artificially lit), and the three sizes of rooms 

(cellular, halls, and open-plan space). 

By contrast, the parasitic form is defined as architectural entities, which may be other 

minor built form elements attached to the main buildings on the periphery or roof, but 

which do not fall into the six classification previously mentioned. What is more, these 

elements belong to parts of buildings, so none of them would be found in isolation (e.g. 

porches, porte-cochère or canopies). In other words, they only exist as additions to other 

structures hence the term ‘parasitic’.  

Similarly, Bobić (2004) also firstly recognises the prime classes to define and describe the 

main character or nature of interface spaces; by the same token, principal forms are used 

to describe the main building structure by Steadman et al. Then Bobić (2004) introduces 

architectural features to define the detailed and complicated characteristics of interfaces 

to supplement the prime classes, where these attachable and removable objects are 

identical to parasitic elements. For example, balcony, portico, and canopy classified into 

parasitic forms are also classified into architectural features by Bobić. Having said that, 

the main distinction between these two studies is all the categories Bobić identifies are 

interface elements, yet only some specific interface elements are incorporated in the 

parasitic forms (this will be elaborated later).  

Following the literature review, the concept of parasitic forms is similar to the definition 

of interface types in this thesis, therefore this thesis only focuses on the description and 

types of parasitic types instead of principal forms in this chapter. However, given the fact 

that interfaces are particularly focused on the connection between private (buildings) and 

public domains (streets) by this thesis, in general, some vertical parasitic forms which 

connect spaces within the building are not taken into account by this thesis, except 
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covered enclosed ground-level circulation link (CL) and circulation bridge (CB). For 

examples, attached circulation towers, basements, etc. are inaccessible for pedestrians or 

unable to interact with street activities. Consequently, the parasitic types which exist in 

the two domains or are used to connect different form elements are highlighted in Figure 

4.1-2, and for the definitions of these types ,please refer to each corresponding category 

in Section 4.2 (except atrium, which is classified into open space types in Section 3.4). 

The distinction between CL and CB is the level difference: they are used to link different 

storeys. CL only links ground floors between two buildings, whist CB links the first floors 

to the floors above in buildings. Apart from CB and CL being used to link buildings, other 

types are used to connect to streets. Alternatively, this thesis could re-categorise those 

five items into two groups-1) building to building: CL, CB, and covered street or arcade 

(AR) and 2) building to street: canopy (AC), porch (PO) and porte-cochère (PC).  

 

 

 

 

Figure 4.1-2 Parasitic forms extracted from Steadman et al, and selected interface types are marked by this 

thesis. 
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Bobić, 2004 

In Between the Edges, Bobić develops a detailed classification of interface types based on 

the criteria of typological features (e.g. scales, physical accessibility, and design quality), 

materialisation, functions, visual and psychological effect on users and relationship with 

streets. From all the interface literature reviewed by this thesis, this is the most detailed 

(also agreed by Kamalipour, 2016) typo-morphological research developed for urban 

interfaces.  

He recognises and defines forty interface elements from European cities (e.g. Amsterdam, 

Paris, London, Rome, etc.) and further classifies them into seven prime classes and two 

sub-classes (whose elements are more flexible and removable) according to their 

positions relative to the building lines, or their relationships with streets, which connotes 

how accessible they are to pedestrians (for details see Table 4.1-1). 

These seven prime classes are: A) integrated, B) overlapped, C) confronted, D) 

associated, E) inserted, F) extended and G) suspended and the two sub-classes are 

architectural features (AF) and landscaping features (LF). The critical criterion of 

distinguishing between prime or sub classes is the prime classes can usually fully 

represent the spatial characteristics of the space, or their constructions are usually 

structured as parts of main buildings (e.g. mews, covered streets, alcoves, sunken light 

courts, etc.). By contrast, sub-classes do not fully describe the character of the spaces, but 

function more like objects which can be inserted or removed from spaces and can also be 

attached to the seven prime interface types (e.g. murals, awing, walls, fences, etc.). That 

is why the position and function of awnings are similar to overhangs, but awnings are 

classified into architectural features while overhangs are categorised in associated class 

as awnings are the inserted objects attached to the main buildings. This concept and 

framework of classification developed is similar to Steadman et al. (2000b)’s (for the 

details, refer back to p.92). 
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Table 4.1-1 A summary of Bobić’s classification of interface types  

In addition to the classification, Bobić also clarifies the difference between interface area 

and transition point, where transition point is a node when the interior and exterior meet 

Class Position Definition Examples  

A.  

integrated 

     Building line|  (Street room) When public space conditionally 

penetrates into the block perimeter, and 

the space accommodates collective 

groups of inward-oriented houses.  

Mews, covered 

street 

B. 

overlapped 

 

When the two domains are overlaid on 

each other behind the building line, so 

that public space extends beneath the 

buildings and also beyond the streets.  

Colonnade, 

carport, under 

the building, 

alcove, niche 

C. 

confronted 

 

When the two domains meet in direct 

juxtaposition. 

Frontage, 

doorway, hole in 

the wall 

D.  

associated 

 

When elements of the building penetrate 

into the public territory (usually 

pavements), yet the two domains coexist 

both spatially and socially.  

Stoop, raised 

platform, 

outdoor café, 

overhang  

E.  

inserted 

 

When private territory is used to distance 

a building from the public space as an 

insertion between the two domains.    

Area (light-

court), porch  

F.  

extended 

 

When one or a group of buildings extend 

outward from private deep into public 

territory.  

Square, alley, 

street market 

G. 

suspended 

(the illustrations are 

extracted from Bobić, p.87) 

When facilities are permanently or 

temporarily implemented on the 

opposite side of buildings in the street, 

while remaining dependent on the main 

location at the buildings.  

Communal 

garden 

Architectural 

features (AF) 
The two additional and parallel categories are used to 

supplement the seven prime types above. These alternative 

elements are related to the psychological and visual 

characteristics of interfaces and can also be applied to shape the 

form and create the character of the transition areas. 

Gate, arch, staircase, 

balcony, awning, street 

window, murals, portico, 

canopy 

Landscaping 

features (LF) 

Wall (high/dwarf), iron 

railings, fence, bollards, 

(wing) hedge, creepers 
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together and usually refer to entrance types (e.g. gates, arches, niches). This definition 

helps this thesis both to clarify the features of interfaces and also to categorise and name 

the groups of interface types observed by this thesis. For example, the interface types in 

Group D were named transition point as showed in Table 4.2-1. 

This book has the same research purpose as this thesis in that it aims to establish proper 

criteria for a classification of the basic elements of interfaces and to understand these 

elements’ characteristics since the quality of interfaces are related to a city’s urbanity and 

character (Bobić, 2004). This book has indeed succeeded in proposing interface typo-

morphology and in helping this thesis not only to ensure the importance and definition 

of interfaces but also to develop the catalogue of interface elements as useful reference 

for the fieldwork.  

 

Parolek, K. Parolek and Crawford, 2008 

In their book Form Based Codes, it has a comprehensive and explicit description and 

prescription of elements of urban form, including buildings, streets, blocks, and public 

spaces in order to create, protect, and revitalise sustainable communities. As mentioned 

before, the interface types they identify are confined to frontage types, where the 

specified interface types belong to building design and occur in the front areas of buildings. 

They particularly focus on frontage types due to the fact that frontages show how the 

buildings address the streets and how buildings engage with the public realm. The intent 

of regulating the front interfaces is to ensure, after a building is located appropriately, that 

its interface with the public realm and the transition between the two are detailed 

appropriately.  

Moreover, Parolek et al classify frontages into eight specific types according to their 

spatial features and design details, namely: common yard, porch and fence, terrace or 

light court, forecourt, stoop, shopfront and awning, gallery, and arcade (as illustrated in 

Figure 4.1-3). The frontage is further divided into private and public, where the 

distinguishing mark is the property line, and the area between building line and property 

line is private frontage whilst the area extending beyond the property line (e.g. pavements) 

is called the pubic frontage. In this sense, the book has helped this thesis to define and 
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identify both the interfaces between private and public areas and these eight frontage 

types (for the definitions of these eight types, refer to each corresponding category in 

Section 4.2.2.). 

 

Dovey and Wood, 2015 

In their journal paper Public/Private Urban Interfaces, Dovey & Wood set two research 

goals: 1) to develop typology of interface types, which is the same as Bobić (2004) and 

Kamalipour (2016); and 2) to understand the urban sociality and economics (production, 

reproduction, and creativity) which are geared to different interface types. However, they 

regard the journal paper as the start of the series, so they only merely complete the first 

research goal in the paper as the classification they obtained is a more conceptual 

structure compared to Bobić (2004) or to this thesis.  

To elaborate this, their main research findings are presented here. The research was 

conducted in Australian inner cities (Melbourne, Sydney and Brisbane). The proposed 

Figure 4.1-3 Illustrations of frontage types extracted from Form-Based Codes (p.60) 
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interface typology is built up through the criteria of accessibility (or permeability), 

transparency, setback/directness and primary users (car or pedestrian access). Then they 

categorise interfaces into three classes based on the permeability and distance between 

streets, and into eight prime types (subsumed under the classes) according to their 

transparency and primary users. They are: A-1) impermeable blank, A-2) impermeable car 

blank, A-3) impermeable transparent, B-4) direct opaque, B-5) direct transparent, C-6) 

pedestrian setback, C-7) car setback and C-8) secondary setback (see Figure 4.1-4). 

Regarding the classification, the interfaces in Class A are widely regarded as inactive, and 

they do not contribute to street life due to the impermeable feature. Although A-3 has a 

transparent façade, there is no physical contact or interaction with the buildings. Class B 

incorporates interfaces where pedestrians enter directly into buildings from streets 

without setbacks, so that those interfaces are identified with high densities of apartment 

buildings (B-4) and shops (B-5). For Class C, there are semi-private spaces (so-called 

setback by Kamalipour, 2016) before people access across a deeper interface into a fully 

private space; especially C-8, where the setback becomes deep enough to form a 

secondary set of interfaces, which can be seen in a housing project or shopping mall.  

Different from Bobić (2004), Dovey and Wood do not recognise individual and 

independent interface types, but instead they broadly name their classification based on 

the interface character, such as impermeable, blank and transparent, so that the ‘types’ 

they define are flexible and able to be changed. They emphasise that their goal is to 

construct a framework, i.e. a useful conceptual structure, through which to analyse the 

Figure 4.1-4 The illustrations of interface 

types extracted from Dovey & Wood 

(2015) 
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complexities of interfaces rather than to define a set of essential interface types which is 

what Bobić (2004) does. However, they also admit that this typology with eight definitions 

they have articulated is highly problematic and inherently unstable to illustrate the real 

form of interfaces. The reason why they control the number of categories and accept the 

slippage in a nuanced system is for a readable and manageable complexity for the 

mapping of interfaces (this is also consistent with Kamalipour (2016), which is introduced 

below). 

 

Kamalipour, 2016 

The journal paper Mapping Urban Interfaces: A Typology of Public/Private Interfaces in 

Informal Settlements could be regarded as extended research from Dovey & Wood (2015). 

His research framework and the knowledge of interface typology are based on the 

aforementioned paper, except the fact that Kamalipour fulfils the urban socio-economic 

issue on urban informality in global South cities whilst Dovey and Wood’s study is based 

in Australia, the global North. His study interest is motivated by the statement that either 

typology or mapping of micro-scale interfaces in informal settlements is underexplored in 

the literature compared to the studies on urban interfaces, most of which focus on the 

cities of the global North (Bobić 2004; Dovey & Wood 2015; Gehl 2011). Therefore, his 

paper develops a typology for analysing and mapping interfaces in informal settlements 

in Bangkok (Thailand), Pune (India), and Medellin (Colombia) by means of direct 

observation, visual recordings and mapping.  

Concerning the classification, he classifies interfaces into six categories according to the 

criteria of proximity and connectivity, where the concept is illustrated in Figure 4.1-5. In 

other words, the six interface categories are the outputs produced through plotting the 

twofold characteristics of proximity (adjacent/distant) and three characteristics of 

connectivity (impermeable, accessible, and porous) against each other. Hence, the 

interface types identified by Kamalipour are adjacent impermeable, adjacent accessible, 

and adjacent porous on one end, and distant impermeable, distant accessible, and distant 

porous on the other end.  

Here are the definitions of proximity and connectivity. They indicate the degree to which 
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a range of social activities can be accommodated within interfaces. 

• Proximity presents the extent to which a private space is close to the public space 

(streets). It is further divided into two types: 1) adjacent type, where interfaces 

are directly attached to the streets, whilst 2) distant type, where interfaces are 

separated from the streets by setbacks.  

• Connectivity means the degree to which a private space is connected to the public 

space (streets). It is further divided into three types: 1) impermeable type, where 

interfaces are entirely disconnected from the streets, and 2) accessible type, 

where interfaces are in-between private spaces which are only connected to the 

streets through a point of entry, whilst 3) porous type is, where interfaces are 

highly connected to the streets. 

In interface typology, the criteria used by Kamalipour is very similar to Dovey & Wood 

(2015) as he acknowledges that his research departs from theirs. For example, the 

descriptions Kamalipour uses such as adjacent, distant and porous respectively 

correspond to direct (impermeable or blank), setback and transparent in the order used 

by Dovey & Wood (2015); or it could be interpreted in this way that adjacent = direct, 

distant = setback, and porous = transparent. Having said that, there are some differences 

between these two studies. For example, Kamalipour adds ‘accessible’ in-between 

impermeable (blank) and porous (transparent), and he does not take the users 

(car/pedestrians) into account. Following these, Table 4.1-2 is used to compare the 

categories and the criteria produced and employed by these two studies. 

Figure 4.1-5 Interface types originally 

extracted from Kamalipour 
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Table 4.1-2 The comparison between Dovey & Wood (2015) and Kamalipour (2016) 

  

Authors Dovey & Wood (2015) Kamalipour (2016) 

Description Possible element 
Criteria 

Location, permeability Transparency, use: 

car or pedestrian 

Proximity Connectivity 

Types 

Impermeable 

blank 

Adjacent 

impermeable directly connect to streets without 
transparency or a major entrance 

Blank walls, graffiti 

car blank - directly connect to streets with an entrance 
only for vehicles 

Garages, carports 

transparent blank 
accessible 

directly connect to streets with visibility but no 
physical access 

Shop windows   

Direct 

opaque accessible directly connect to streets with an entry to 
private properties 

Gates, niches   

transparent  porous directly connect to streets with both visual and 
physical access to facilitate the flows of people, 
goods, and products 

Open-up shutters  

(Setback) 

Pedestrian setback 

Distant 

accessible  

 

has setbacks (semi-private spaces) between 
private entrance for pedestrians and streets 

Front porches 

Car setback - setbacks for car parking Off-street car park 

Secondary interface -  has deep setbacks far away from streets  Courtyards in 

shopping malls 
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These two studies both aim to understand the relationship between interfaces and socio-

economic activities: how close the pedestrians are to the building frontage (shopfront, 

private garden, etc.), and how easy the pedestrians can have contact or interactions with 

buildings (which indicate the level and amount of activities). Therefore, the connectivity 

and the accessibility to the interfaces are the main indicators used in classifying interfaces 

in these two studies. Comparable to Dovey & Wood (2015), the classification Kamalipour 

adopts is also a more conceptual and abstract classification compared to the one 

identified by Bobić (2004) and in this thesis. Kamalipour does broadly categorise 

interfaces according to the characters shaped by the spaces that the distance or closeness 

visually and physically perceived by pedestrians, but does not recognise the present 

individual interface elements and discuss their spatial or typological features in his 

classification. Hence, in the six categories, each category could have varied interface 

elements existing concurrently, but the contents (the constitutions of interface types) may 

be different even when the interfaces are classified into the same category.  

In terms of the difference in research approaches between these two studies, Kamalipour 

does use mapping to show the spatial relationship between different interface types and 

the streets. That is also why Kamalipour controls and limits the categories to six types in 

order to reach a balance between making the proposed typology applicable for mapping 

and covering the typical conditions of interface types.  

 

4.2. Interface types between buildings and streets, or between buildings 

4.2.1. The classification of interfaces 

As mentioned at the beginning of this chapter, interfaces identified in this thesis have a 

wide meaning where interface is a transitional element connecting between different 

components subsumed under urban form, rather than being confined to the spaces only 

between public and private domains. Therefore, interfaces are further divided into three 

categories: between buildings and streets, between buildings, and between streets by this 

thesis. All the interface types from the literature were classified into these three 

categories and a comprehensive list was compiled in Appendix 4-1 (including the types, 

research who identifies those types and the critical scale suggested by some research).  
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Having said that, this thesis still focuses on the interfaces between private and public 

domains as other key studies reviewed in Section 4.1.2 do because of the importance of 

understanding urbanity, the social or public life of a city.  Therefore, the discussion about 

the interfaces between streets is left out in this section but mentioned separately in the 

related sections of final street types; for example, median, one interface element 

between streets, is introduced in ST12-major road with median and kerbed pavement 

(p.252)  

 

After the literature reviews of interfaces, this thesis then re-defines and re-categorises 

the interface types into seven groups (A to G) based on their spatial position and 

relationship with streets (see Figure 4.2-1). More specifically, it is the space that is within 

the property line and between the building line (building frontage) and street rooms. The 

concept and criteria of this reclassification are comparable to Bobić (2004)’s (refer back 

to Table 4.1-1), but this thesis names the groups based on their function, e.g. shelter 

provider (see Table 4.2-1). 

Following these, here are the definitions of these seven groups in terms of their positions 

and characters. 

• A group: interface extends private space from building line into or sometimes 

beyond the street, namely mews/private walkway, outdoor café, and parking 

space. However, these three types do not have common character or function, 

whereby this group is not given a name from this thesis.    

• B-Shelter provider: interface extends from within private space through property 

Figure 4.2-1 The positions of the seven groups 
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line to or into the street. Moreover, these types, more or less, provide shelter from 

bad weather for residents or passing pedestrians via either recessed space or 

projected addition/attachment from the main building structure. Therefore, more 

specifically, the spaces are further divided into two sub-types:  

• B1 Open to the public: the public space extends behind 

the building line into the main building structure-private 

space is invaded by public space. These types usually 

provide better shelter than B2 types do; e.g. arcades, 

under the buildings. 

• B2 Extends out to the public: the private space penetrates 

public space through the projected structural addition (e.g. 

balconies, overhangs, etc.) or temporary attachment (e.g. 

canopies, awnings, etc.)  

• C-Ambiguous divider: interface extends from building line to 

property line, without penetrating either private or public space. These types 

provide softer edge and more ambiguous delineation between private space and 

street area compared to Group F-territory protector. For example, setbacks or 

ramps/steps remind pedestrians that they are entering private domains without 

working as hard barriers such as walls or metal railings.  

• D-Transition point: interface extends from within private space through to 

property line without penetrating public space. Transition point as named as a 

transition changing from private to the public, and vice versa. As referenced by 

Bobić (2004), it usually refers to an entrance type when the interior and exterior 

connects (e.g. arches, alcoves and niches). These types provide possibilities for 

both residents and pedestrians to linger and to observe or be observed, and also, 

they are popular for people to stand offering an attractive semi-private or semi-

public situation; e.g. front porch, portico, etc.  

• E-Visual attraction: interface adheres to building line and it also describes the 

form of a building façade. Most types in this category allow pedestrians to view 

into and are usually attractive for pedestrians, e.g. shop windows.  

• F-Territory protector: interfaces adhere to property line. They provide the 

strongest sense of privacy out of the seven categories by inserting barriers 

between private and public areas, such as walls, railings and fences. Hence, they 

secure the domestic area and keep it private from the outside environment. 
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However, from the perspective of the pedestrians’ view, F-types, more or less, 

make the walking environment dull and keep pedestrians away from interacting 

with residents.  

• G group: interface runs entirely behind building line, either within or outside main 

building structure. They are usually used as passages connecting different 

buildings within the same plot, such as circulation bridges.  

The interface types in Table 4.2-1 are presented in approximate order of their proximity 

to street, and pedestrian accessibility to interface space. Moreover, interface types 

classified into the same group by similar function are further sorted by their architectural 

structure. When a type is nearer the bottom of the order, it means that the structure is 

simpler, and more flexible for homeowners to attach to or remove from the main building, 

and can be easily replaced by other alternative types. To elaborate this, arcades, balconies, 

canopies and awnings are similar in terms of function, providing good shade and 

protection from bad weather and traffic, but the orders of canopies and awnings are lower, 

because their structures are less complex than that of arcades or balconies, and 

homeowners can more freely choose to place canopies or awnings rather than arcades or 

balconies. 
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Table 4.2-1 The list of interface types from literature and fieldwork 

Group Character Interface type 

Pedestrian accessibility Ability to 

provide 

shelter 

Structural 

flexibility Physical Visual or 

psychological 

A 

1.Mews or Private walkway

2.Outdoor Café

3.Parking space

B shelter provider 

4.Arcade

5.Covered Street

6.Under the building

7.Gallery

8.Balcony

9.Overhang

10.Canopy 

11.Awning

12.Signboard*

C ambiguous divider 

13.Setback

14.Ramp or Steps*

15. Firewall*

D transition point 

16.Portico or Porte-cochère

17.Front porch

18. Light court  or Area**

19.Alcove or Niche

20.Garage

21.Stoop**

22.Raised platform

23.Deck or Patio*

E visual attraction 

24.Automatic door*

25.Shop window

26.Staircases

27.Sliding doors*

28.Shutter*

29.Mural**

30.Creepers

F territory protector 

31.Fence or Railing

32.Hedge 

33.Wall

G domestic connection 

34.Pot-huis**

35.Covered enclosed ground-

level circulation link 

36.Circulation bridge

* only found in the fieldwork; ** only found in the literature      (impermeable)    (inflexible) 
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Having said that, there is not a fine line between the individual types and their order 

related to accessibility and ability of being protective, transparent and flexible. As Dovey 

& Wood (2015) point out that interfaces are essentially not binary categories, they involve 

varied degrees of functions. This idea also corresponded to Marshall (2009)’s claim that 

public-private relation is a spectrum rather than polarisation. Therefore, the colours (grey 

and green) used to present the degrees of accessibility, shelter and flexibility are generally 

suggested by this thesis according to the observation from the fieldwork or literature 

reviews. 

Following these, in the next section, this research elucidates the features of interface 

types listed in Table 4.2-1 from their forms, functions (suggested uses or actual uses found 

in Taiwan), or general relationship with streets and activity. It is worth mentioning that 

Bobić (2004)’s research of interfaces contributes to most of the definitions and 

descriptions of the interface elements introduced in the following section whilst this 

thesis also adopts some general definitions from Harris (2005), whose work is a dictionary 

of architecture and construction. 

 

4.2.2. The enumeration of individual interface elements 

A-1. Mews, Alley or Private walkway 

"Alleys can be cleaned up and made attractive for walking."-Turner et al (2006: p.13-7) 

Form details from the literature 

Mews is lined with low-rise (usually two-storey) terraced cottages located inside a block 

(Bobić, 2004; McManus, 2004; Rosen & Zuckermann, 1982). It originates from a British 

configuration of seventeenth and eighteenth century servants’ buildings, located behind 

the main city houses of the gentry, consisting of stables and groom accommodation. But 

the accommodations had later been converted into dwellings owing to the introduction 

of the automobile and the attendant need for garage space, yet it is still called stable lane 

or back lane (McManus, 2004). Bobić (2004) describes mews’ features spatial and visual 

depth and contrasts it to public space, and it is usually away from the sight-line of the 
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front façades. The enclosed inner space is accessed through openings which are usually 

marked by arches or gateways (see the picture in Figure 4.2-2). 

Intended function from literature  

Mews, alley and private walkway are regarded as important places for engaging in social 

activities or encouraging walking, especially alleys. To elaborate this, Hess (2008) claims 

that alleys address public spaces (e.g. pavements) by allowing houses to have porches or 

small front gardens. In addition, Andres Duany (2003) cited by Hess (2008) defines alleys 

as ‘social gathering areas’ whilst Langdon (1994: p.155) also agrees that ‘alleys have freed 

the front yard to become more gardenlike’, so that people are encouraged to spend time 

outside and have opportunities to interact with their neighbours or passers-by. Having 

said that, sometimes mews or alleys end up being used as private parking space or for 

garbage pick-up as Yeang (2000) and Hess (2008) find since it is an ideal place to store cars.  

However, there is no absolutely clear distinction between mews, alley or private walkway 

as they do share some common features even though they have their own peculiar 

characteristics. For example, Hess (1997) defines a private walkway as not being an 

authorised street system but as a transit space belonging to buildings to link with 

roadways, or other buildings. In this sense, mews functions similarly to private walkway 

to connect between buildings and streets as a part of a street system (e.g. cul-de-sac or a 

narrow service lane), but also as part of open space like a courtyard simultaneously (Yeang, 

 Figure 4.2-2 The entrance of a mews, 

extracted from Bobić (2004)  

 

Figure 4.2-3 Extract from John Rocque’s plan of Dublin 

1756, cited in McManus (2004) 
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2000; Bobić, 2004). Comparably, Turner et al (2006) and Bobić (2004) define the paths 

connecting buildings within unit-planned areas (e.g. shopping mall) or the lanes 

connecting streets (sometimes leading to a dead-end) as alleys, which can provide a 

convenient and safe way for pedestrians due to its narrow profile. 

To simply identify the similarities or differences among mews, alley and private walkway, 

this thesis therefore concludes that, in terms of form, they are narrow, spare spaces left 

over between building complexes as passageways within blocks (see Figure 4.2-3), so they 

are more like private spaces used as parking spaces, walkways or courtyards mainly by 

residents living there rather than the public. However, the difference identified by this 

thesis is that the definition of alley is broader, whilst mews has a more historic meaning 

and represents the specific type transformed from carriage houses which still can be 

found in London, Canada, Australia, and the USA due to the historical factor. Following 

these explanations, mews is therefore categorised into the interface between buildings 

and buildings by this thesis, whilst alley is the interface connecting buildings with streets. 

Beside these, there is no mews in Taiwan, so this kind of inward private walkway observed 

from fieldwork was recorded as alley in this thesis.  

 

A-2. Outdoor Café 

Forms and functions from the literature 

Bobić (2004) identifies two types of outdoor café (see Figure 4.2-4). “Sidewalk café” is a 

temporary or seasonal extension of café seating on pavements, whilst “Paris café” is a 

specific one which is elevated above the pavement level and placed in a conservatory, so 

that they are more permanent than a sidewalk café to function in all seasons and under 

all weather conditions. Moreover, Bobić (2004) suggests that careful regulations of 

outdoor cafés, or other commercial activity (street vendors and entertainers) can help 

bring life to a street and enliven a place. For example, the temporary claim upon public 

space made by café owners raises the attractiveness and diversity of street life. 

Attractiveness derives from the customers' psychological perception of being relaxed, and 

still welcome to do their personal business while being in a very public place. However, 

he also emphasises the necessity of maintaining a reasonable walking passageway as the 
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massive volume of activities could affect the pedestrian's convenience conversely and 

lower the pedestrian's willingness to pass through the areas.   

 

Actual use in Taiwan 

Café, the term is more like a coffee shop which also serves desserts and pastries rather 

than a restaurant in this thesis (or to most Taiwanese); therefore, in this sense, in Taiwan, 

outdoor café is not as common or popular as local open-fronted eateries (e.g. noodle 

shops, stir-fry shops) or tea shops due to the different dietary culture between Europeans 

countries and Taiwan. Having said that, some shop owners of the eateries or tea shops do 

set tables and chairs on pavements during opening times (which could be in the daytime 

or even at midnight, see Figure 4.2-5), which is similar to the “sidewalk café” just 

described above. These kind of eateries and tea shops could somewhat be regarded as 

Taiwanese-style outdoor cafés, yet it presents itself in slightly different form from the 

outdoor café seen in European cities. 

Figure 4.2-4 Sidewalk café (left) and Paris café (right) extracted from Bobić (2004) 

Figure 4.2-5 The extension of eatery seating on pavement in Taiwan  

(Left: noodle shops opening in the daytime; right: stir-fries shops opening during the night) 
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A-3. Parking space 

Parking location and the related activity patterns from the literature  

The type of parking space can be categorised into two types: on-street parking (recorded 

as official marked parking space in the fieldwork, see Figure 4.2-6), and off-street parking. 

Furthermore, off-street parking can be divided into three types according to Ewing 

(1999)'s definition, which are behind buildings, to the side, and in front of buildings. The 

later one has been regarded as the worst type for parking. Corresponding to Ewing’s 

opinion, Gehl (2011) identifies three different parking locations and also finds that when 

cars are parked at the entrance (off-street parking, see ① in Figure 4.2-7), activity in the 

public spaces will be substantially reduced because cars are the only things found in the 

street. In addition, the other two types recognised by Gehl (2011) are both on-street 

parking. When cars are parked at the kerbside (see ②in Figure 4.2-7), people and cars 

will be found in the street; therefore, greater opportunities for neighbour contact are 

created. When cars are parked at the end of the road, pedestrian traffic replaces vehicular 

traffic (see ③ in Figure 4.2-7). The third type of parking location is the best one in terms 

of social contacts and neighbourhood safety. Because when streets are more populated 

and more entertaining to be in and look at, the chance of informal meetings of neighbours 

are increased, so that the risk of vandalism and crime is also reduced. Comparably, Hess 

(1997) also finds that Crossroads (one of his case study areas) had a poor pedestrian 

environment because buildings and streets were often connected only by parking spaces.  

From the given discourse about the parking location, this thesis therefore deduces that 

staying outdoor time from foot to car and vice versa, which relates to the parking location, 

Figure 4.2-6  On-street parking spaces in Taiwan 
Figure 4.2-7 Car locations and activity patterns extracted 

from Gehl (2011: p.126) 
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is the critical factor in creating a neighbourly and safe community. This is due to the fact 

that a greater distance between the dwelling entrance and parking space increases the 

time staying outdoors from car to foot. More time residents spend outside means more 

social interaction and more secured neighbourhoods. As Gehl (2011: p77) says, “the 

farther away from the doors the cars are parked, the more will happen in the area in 

question, because slow traffic means lively cities”. Hence, in the sense, the off-street 

parking in front of buildings (identified by Ewing, 1999) and the first parking location 

defined by Gehl (2011) are the worst types of parking because of being the closest 

distance to the dwelling entrance and the shortest staying outdoor time. 

Suggested scale for parking space 

However, sometimes off-street parking is inevitable. Ewing (1999) therefore suggests that 

if parking spaces are placed in front of buildings, they should be limited to only a row or 

two to preserve the street orientation of buildings. Similarly, Calthorpe (1993) also 

recommends that off-street park spaces occupy no more than one third of the frontage 

along pedestrian-oriented streets, and no more than 23 metres in a stretch. 

 

The following interface types from arcade to signboard all provide extended shade from 

sunshine and rain, and different extents of protection for pedestrians from traffic. These 

types share the same function, but are quite different in architectural construction. 

Basically, when their construction of them is more complex, permanent, and inflexible, it 

means that a greater part of them are structurally integrated with the main building, and 

the effect of shade and protection is better. For example, arcades, which must be designed 

and built up simultaneously with the main building and are difficult to be removed from 

the main building, provide more shade, comfort, and safety for pedestrians from bad 

weather and automobiles.   

B-4. Arcade 

Clarification of definitions 

Regarding the definition of arcades, this research adopts Parolek et al (2008)‘s description 
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rather than Bobić (2004)’s because their definition is more identical to the type which has 

the same form described by Taiwanese researchers and usually is translated as Arcade by 

Taiwanese researchers, e.g. Hu & Hsu (2003), Lai & Nieh (2011) and Nieh et al (2006). By 

contrast, Bobić (2004)’s definition of arcades is similar to covered streets identified by 

Steadman et al (2000b). According to Parolek et al (2008)'s description, it is a frontage 

wherein the façade is a colonnade that overlaps the pavement, while the façade at 

pavement level remains at the frontage line (see Figure 4.1-3).  

Broadly speaking, arcades are the walk paths which are covered by either ceilings or roofs, 

and can be seen in varied forms (Harris, 2005). According to Harris’s definition, the form 

where a covered walk with a line of such arches along building sides is defined as arcades 

by this thesis, whilst the form where a covered walk is lit from the top and lined with 

shops or offices on one or more levels is identified as covered streets ,which is introduced 

later.  

Table 4.2-2 The comparison between Qi-Lou and Ding-A-Ka 

Moreover, in Taiwanese research, arcade is translated from Qi-Lou [騎樓] in Mandarin. 

But in fact, the term Qi-Lou in Taiwanese research involves two types, one is the same 

arcade identified by Parolek et al (2008), and the other type is similar to gallery identified 

Mandarin 

characters 騎樓 亭仔腳 
Research 

Pronunciation Qi-Lou Ding-A-Ka 

Definition The entirety of veranda style 

structure, such as arcade and 

gallery 

One kind of arcade Same type (Hu & Hsu, 

2003) 

. 

The veranda style structure has 

at least two storeys, and there 

are rooms attached above the 

arcade 

An independent 

structure attached to the 

building, or extending 

from the main building 

Different types 

(Lai & Nieh, 2011) 

Translation Arcade Gallery 

Illustration 

(extracted from Figure 

4.1-3) 



114 

by Parolek et al (2008), which in Taiwanese Hokkien is Ding-A-Ka12 [亭仔腳]. Nevertheless, 

Hu & Hsu (2003) recognise Ding-A-Ka as a sub-type of Qi-Lou. Hence, this thesis looked 

into their discussion about Ding-A-Ka, and then found that the structure of Ding-A-Ka they 

describe is similar to gallery. Therefore, in this thesis, Qi-Lou is translated (and categorised) 

into arcade, whilst Ding-A-Ka is defined as gallery as the comparison between Qi-Lou and 

Ding-A-Ka reveals in Table 4.2-2. 

Intended functions 

Arcades are regarded as an important element in Taiwan by Lai & Nieh (2011), Hu & Hsu 

(2003) in terms of its designed function and for urban housing development. For example, 

this kind of veranda-style structure is extremely suitable for Taiwan’s weather features 

because it can adapt to the hot and humid weather by extending the shade. Arcades are 

usually found combined with shopfront houses, where the ground floors (sometimes 

expanding to first and second floors) is conventionally for retail use (see Figure 4.2-8), 

whilst the other floors are used for residential purposes. Moreover, arcades do not only 

offer shelter against the bad weather or protect pedestrians from traffic hazards, but also 

harmonise the streetscape as Alexander et al (1977: p.581) write, ‘arcade is one of the 

most beautiful patterns in the language because it affects the total character of buildings’. 

Suggested scale 

As the main function of arcades is to increase pedestrians' comfort and convenience, the 

current Taiwanese regulations on arcade scale are based on the human scale. For example, 

12 Ding [亭] means ceiling; Ka [腳] means colonnade. 

Figure 4.2-8 The actual use of arcades in Taiwan 
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the minimum width is set from 2.65 to 4 metres (depending on individual local 

governments), encompassing the space for two pedestrians walking comfortably abreast, 

and 0.75 to 1 metre spare space for stuff or tools placed by homeowners. The minimum 

height is set from 2.73 to 3.5 metres, where the difference also depends on the local 

governments. Comparably, Parolek et al (2008) suggest that arcades shall be no less than 

3.66 metres wide and may overlap the whole width of pavements within 0.6 metres of 

the kerb. 

B-5. Covered Street 

Definition from the literature 

Steadman et al (2000b) use both covered street and arcade to describe the same interface 

type (as shown before in Figure 4.1-2). In addition, the arcades described by Bobić (2004) 

is identical to Steadman et al (2000b)’s, and they consider arcades as passages. 

Comparably, Alexander et al (1977) also recognise this type, yet name it “building 

thoroughfare” or indoor street. In brief, covered street as named is literally a street 

covered by a roof. It is similar to pedestrian streets but normally covered by a glazed roof 

within the block perimeter (Bobić, 2004; Gehl, 2011).   

Figure 4.2-9 Examples of covered streets; right: extracted from Bobić (2004: p.92); left: 

Burlington arcade in London, photographed by Andrew Dunn (2005).  

Available at: http://www.andrewdunnphoto.com. Accessed on 7 October 2018. 
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Intended function  

The roof is suggested from the literature to provide light to the inner street and can be 

supported by a special structure, like arches or by a row of shops, where the building 

complex is extremely tightly packed on the site. Moreover, the unique structure functions 

as a shortcut, connecting the public street outside with wide open entrances, so that 

people can feel free to stop, loiter, and watch scenes that are taking place indoors or 

outdoors.  Additionally, a covered street is especially adapted to both hot and cold 

climates because its enclosed characteristic creates a warm and interesting semi-outdoor 

space for social communication. Related to the architectural features and functions, this 

type is typically found in shopping centres (Alexander et al, 1977; Bobić, 2004; Gehl, 2011; 

Steadman et al, 2000b). 

 

B-6. Under the building 

This type is identified by Bobić (2004), where the garden passes freely underneath when 

the buildings hover above the ground and meets the first criterion among Le Corbusier's 

Five Points for a New Architecture to elevate buildings on columns (p.98). In terms of 

function, Bobić (2004) mentions that the space under the building provides the continuity 

of flowing space and an expression of enclosure can emerge from the sheltering structure. 

Building volume, shade and columns create the impression of a room that propagates 

transition from endless space towards emergent building. 

 

Figure 4.2-10 An example of under the building: Taichung City Hall, photographed by Taichung Film Assistance 

Website.  Available at: http://www.tfdf.org.tw/m/Item/Detail. Accessed on 24 November 2018. 
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B-7. Gallery 

Definition and form features from the literature  

According to Parolek et al (2008), this is a frontage wherein the façade is aligned close to 

the frontage line with an attached cantilevered shed or a lightweight colonnade 

overlapping the pavement (for the illustration, refer back to Figure 4.1-3). In terms of form, 

Parolek et al (2008)’s description is similar to Harris (2005)’s  which states that a gallery is 

a long, covered area acting as a corridor on the exterior of a building; or a roofed porch, 

which is usually open-sided and extending across the entire front. Moreover, Bobić (2004) 

defines a specific type of gallery as “colonnade”, which is a set of arches with evenly 

spaced columns supporting a building above.  

As mentioned in the arcade’s paragraphs, in Taiwan, galleries and arcades are sometimes 

classified into the same category (Hu & Hsu, 2003). However, Hu & Hsu (2003) use a 

diagram (Figure 4.2-11) to explicitly show the structural differences between various 

types of arcades (Qi-Lou) and galleries (Ding-A-Ka). The section views of A-5, C-1, C-3 and 

D-2 (marked in red) correspond to the description of arcades in Table 4.2-2 that buildings 

have at least two storeys, and there are rooms attached directly above the arcades. The 

other sections represent the varied structures of galleries, which is indeed similar to the 

type defined by Parolek et al (2008); for example, A-4 is the same as the gallery illustrated 

by Parolek et al (2008).  

Figure 4.2-11 Sections of different types of arcades (Qi-Lou) or galleries (Ding-A-Ka) illustrated by Hu & Hsu 

(2003) 
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Intended function from the literature 

Bobić (2004) claims that a broad gallery (or more precisely a colonnade) provides shade 

and shelter for pedestrians. Pedestrians use the covered route, and are sometimes 

protected along their way by additional canvas screens provided by shops. This type is 

conventional for shops, while shops and facilities in the buidling further strengthen the 

urban character of the colonnade.  

Suggested scale 

Parolek et al (2008) suggest that gallery shall be no less than 3 metres wide and may 

overlap the whole width of the sidewalk to within 0.6 metres of the kerb. Similarly, in 

Taiwan, gallery and arcade share the same regulations, whereby the minimum width and 

the minimum height of galleries are respectively set between 2.65 and 4 metres, and 

between 2.73 and 3.5 metres, which are the same as that of arcades and depend on the 

individual local governments. 

 

 

 

 

 

B-8. Balcony 

Definition from the literature 

A balcony is defined as a projecting platform on a building frontage (above the front 

doorway), which is supported from below or cantilevered, and enclosed with a railing or 

balustrade (Bobić, 2004; Harris, 2005). Bobić (2004) also points out the relationship 

between balconies and streets. To illustrate this, he states that balconies elevated above 

Figure 4.2-12 Traditional galleries as illustrated and marked as A-, B-types in Figure4.2-8 
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the street level, create a sense of overlapping between the public and private domains, 

i.e., a psychological transition from outdoor space to the building. Even a small and 

narrow balcony can also provide this sense of being sheltered while standing outside. 

Comparably, Gehl (2011) claims that balconies make house open up to pedestrians and 

extend the sphere of influence into the access street.  

Actual use in Taiwan 

Just like arcades, balconies are also very prevalent in Taiwan due to the hot and humid 

climate. It is common to see balconies and arcades which are structurally combined 

together in residential areas.  

 

B-9. Overhang  

Overhang is an interface type specifically recognised by Bobić (2004), which is a portion 

of a building, or of a building itself, that is suspended over streets, so that the overlap 

between the two domains generates a townscape amenity. It also shelters both residents 

and pedestrians because of its form features. In terms of its relationship with streets, 

Bobić claims that when a building overhangs the pavements or streets, tension prevails 

due to the vertical juxtaposition of differing domains, and to the form of the overhang 

itself.  

 

 

 

Figure 4.2-13 Houses with balconies (left), and houses combined with arcades and balconies (right) observed 

in Taiwan 

Figure 4.2-14 Overhangs found in Taiwan 
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B-10. Canopy 

Bobić (2004) defines canopy to be a roof-like covering over a doorway, whilst Harris (2005) 

defines it as a covered area which extends from the wall of a building, protecting an 

entrance. In terms of function and relationship with streets, associated with its form 

features, Bobić (2004) claims that canopies not only maintain shelter from the weather 

conditions, but also create psychological transitions to the buildings as well. As canopies 

hang over the streets, they create the impression of an enclosed space that can be used 

for both residents and pedestrians. 

 

B-11. Awning  

 

A roof-like covering, usually refers to a retractable or adjustable canvas awning attached 

to the exterior of a building, and often over a window or a doorway (Bobić, 2004; Harris, 

2005). In addition, Parolek et al (2008) define this as the type wherein the façade is 

aligned close to the frontage line with the building entrance at pavement level. Because 

of the form features and the location overlapping the streets, awnings are recognised by 

researchers as an attractive element to provide shadow and protection against the sun, 

rain, and wind (Harris, 2005), and are also recommended for retail use because it breaks 

the monotony of the street wall, canvas pattern and colours may visually enhance the 

attractiveness to pedestrians (Bobić, 2004; Toole et al, 2006).  

 

Figure 4.2-15 Awnings for commercial use in Taiwan 
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B-12. Signboard 

This is the type only found in the fieldwork. It is similar to overhang, but is attached to the 

frontage and overhangs the streets with a massive signboard, which could be made of 

plastic, landscaping materials or cost-effective iron sheets depending on owners’ needs. 

For example, an iron signboard is usually used by a warehouse and factory, whilst plastic 

and other materials are used by retail or restaurants. Signboards also provide shade and 

shelter, but it does not always contribute attractiveness or beauty to the streetscape as 

Wang (2017) reports that signboards are sometimes notorious for damaging cityscapes in 

Taiwan.  

 

Comparisons among canopy, awning, gallery and arcade 

The illustrations (Figure 4.2-17) elaborate the structural dissimilarity and the similarity 

among the shelter provider elements, namely awnings, canopies, galleries, and arcades. 

As one of the elements attached to the main buildings and providing shelter, canopies are 

similar to awnings, and to galleries in many ways. For example, canopies are attached to 

the exteriors of buildings as awnings do as Parolek et al (2008) and Steadman et al (2000b) 

describe. Canopies and awnings are often made of durable materials, which can stand up 

to a significant amount of wet weather and harsh sunlight. Having said that, the 

differences between canopies and awnings are the coverage and the flexibility, which are 

concluded by this thesis from the literature (e.g. Bobić, 2004; Parolek et al, 2008; Harris, 

2005). To illustrate this, in terms of coverage, canopies provide a longer and more 

continuous cover around buildings (usually row houses), but awnings usually offer shelter 

only above the entrances or windows to the buildings. For flexibility, awnings are usually 

retractable or adjustable, yet canopies are more fixed into the building frontages either 

Figure 4.2-16 Varied materials of signboards found in Taiwan 
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with or without standing, usually made of lightweight colonnades. Speaking of standing 

colonnades, it is easy to confuse canopies with galleries. The main difference between 

them is the structure. As presented in Figure 4.2-11, the extension of galleries is part of 

the main building structure, yet canopies are attachments to the main buildings (not 

structurally part of the main buildings). Besides this, canopies are only one storey high, 

whilst galleries can provide cover from a single storey to double storeys as Parolek et al 

(2008) define. 

Having that said, there is still a blurred line between these types, this thesis therefore 

simply defines that attachments to building frontages without standings are awnings, and 

attachments to buildings with standings (which are usually lightweight metal poles in 

Taiwan) are canopies (as presented in Figure 4.2-17), whilst the structural extensions of 

the main buildings are galleries. 

 

 

 

 

 

To sum up, the interface types in Group B-Shelter provider all provide shade and shelter 

for residents and passing pedestrians. They are useful and may play a role in travel activity 

in tropical countries; in that sense, these types may influence Taiwanese mode choice and 

walking behaviour as Taiwan has high temperatures and rainfall for most days of the year.  

Figure 4.2-17 The illustrations and photos of awnings, canopies, galleries, and arcades 

found in Taiwan 
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C-13. Setback 

Harris (2005) defines setback to be the minimum distance between a reference line 

(usually a property line) and a building, or portion thereof, as required by ordinance. In 

this sense, setback is a space between a building frontage and the street, which can 

embody varied interface types, such as garage, garden, forecourt, etc. Having said that, 

the setbacks which can be identified or recognised as individual interface types (as 

mentioned above, e.g. gardens), are classified and recorded into the corresponding 

categories in the literature review and the fieldwork respectively. Therefore, the setback 

type referred to here and recorded in fieldwork only represents the pure space setting 

back from street line without any arrangement (e.g. Figure 4.2-18). 

Suggested scale 

Setback is one of the most popular categories for research on the relationship between 

travel activity and interfaces (Appleyard, 1980; Brown et al, 1998; Ewing, 1999; Gehl, 2011; 

Holtzclaw, 1994; Parolek et al, 2008; Systematics & Deakin, 1994), and it has been 

regarded as a strong connection to streets. Therefore, the scale of setback is a critical 

factor to keep the space accessible for pedestrians. For example, Parolek et al (2008) 

assert that the distance by which a building must be separated from the property line is 

typically defined and its minimum distance is stipulated in regulations to maintain the 

balance of social-convenience between private and public space. Moreover, Ewing (1999) 

argues that buildings should not be set back farther than 7.6 metres from the street edge, 

otherwise "they lose their tangible connection to the street (p.10)". Hence, 7.6 metres in 

width was considered as a critical standard when this research recorded the 

measurement of setback during the fieldwork.   

 

Figure 4.2-18 Setback space 
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C-14. Ramp or Steps 

Ramp or step(s) is the type discovered by this thesis during fieldwork. It sometimes 

appears within setback, and sometimes in-between the boundary changing from private 

to the public area, therein ramps or a flight of steps are used to connect to street level 

from the elevated house floor (see Figure 4.2-19). A ramp is particularly accessible for 

disabled people to allow them entrance to buildings on different levels as Gehl (2011) 

claims that flat ramps are generally preferred to steps as they permit people to 

manoeuvre pushchairs and wheelchairs more easily. Beside this, Gehl (2011) and 

Alexander et al (1977) also suggest that ramps or steps exposed to pavement, where 

people can stand and stay, have a social role by intensifying the relationship between 

householders and pedestrians.  

C-15. Firewall 

This is the type only recognised by this thesis during fieldwork. Although the word 

contains “wall”, it actually cannot form a barrier along the property line to separate 

private and public domains as walls function. Instead, a firewall is placed between two 

adjoining buildings as a fire resistant barrier built 

to prevent the spread of fire from one building to 

another neighbouring building for a prescribed 

period of time. Firewall constructs as a wall which 

extends from the foundation through the roof. As 

far as function and position is concerned, a 

firewall is classified into C-ambiguous divider 

group rather than F-territory protector group.  

 

Figure 4.2-19 Steps (left), ramps (middle) and the combination of ramp and steps found in Taiwan 

Figure 4.2-20 Firewalls of row houses found in 

Taiwan 
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D-16. Portico or Porte-cochère 

A portico is described as a covered entrance whose roof is supported by a series of 

columns or piers, and is commonly placed at the front entrance to a building (Harris, 2005). 

Bobić (2004) identifies a portico to be a form specifically common to the Georgian terrace 

houses (Figure 4.2-21 ), where it often consists of a pediment roof, and is attached to the 

building functioning as a porch and usually elevated from the street level by one or two 

steps. In terms of functions suggested by Bobić (2004) and Harris (2005), related to the 

form features, a portico is applied at different transition points to provide a sheltered 

promenade or meeting place, but gives clear information about where the building can 

be entered. 

When it comes to porte-cochère, recognised by Steadman et al (2000b) and illustrated in 

Figure 4.1-2, it is a roofed structure over a driveway at the door to a building or a covered 

carriage leading to a courtyard, whereby Harris (2005) also calls it “carriage porch”. In 

terms of appearance, it is a porch or portico-like structure at a main or secondary entrance 

to a building through which carriages or automobiles can pass. According to Harris (2005), 

the roofed structure has a function to protect passengers who are entering or leaving 

vehicles from the weather. Porte-cochères are usually found in major public buildings or 

hotels, where they provide pick-up and drop-off space for visitors and guests arriving from 

vehicles. Following these, porte-cochères differ from porticos as porte-cochères are 

designed for vehicles passing whilst porticos (or columned porches) serve human traffic. 

 

 

Figure 4.2-21 Portico-like entrance found in Taiwan (left), Georgian portico extracted from Bobić 

(2004: p.132), and porte-cochere found in London (right). 
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D-17. Front porch 

Form features from the literature  

A front porch is defined as an exterior appendage to a frontage wherein the façade is set 

back from the building line, forming a covered approach or vestibule to permit 

encroaching on a doorway (Bobić, 2004; Parolek et al, 2008). It is a protected, sheltered 

extension of the indoor space of the house (Bobić, 2004). In terms of the structure, it is 

usually elevated above the street level to both allow a good overview of the townscape, 

and also enhance a sense of community and safety while reinvigorating the suburban 

street for pedestrian use (Bobić, 2004; Calthorpe, 1993). Besides this, porches are 

sometimes located along back-alley garages, shallow setbacks, and narrow tree-lined 

streets (Brown et al, 1998). However, as Bobić (2004) finds that a porch is a typical 

element of American and Australian dwellings, it is not conventional and rarely seen in 

Taiwan. 

 

Functions from the literature 

A porch, an outdoor neighbourly place, has been described as another important 

transitional space or soft interface connecting between public life and private life (Brown, 

et al, 1998; Easterling, 1991; Fowler, 1992; Gehl, 1986; Schumacher, 1986). Moreover, 

Brown et al (1998) have an explicit discussion on front porches, not only the functions, 

but also the distribution, types and other characteristics. For example, front porches are 

often found in neo-traditional design, expressions of nostalgia, symbols of leisure class, 

and as vehicles to preserve the community. They regard front porch abandonment as a 

symbol of the decline of a community, and claim there is a close relationship between 

Figure 4.2-22 Photographs of front porches, extracted from Katz (1994: p.15 & p.29) 
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neighbourhood activities and porches. 

Suggested scale 

Not only Kunstler (1996) points out that a porch built less than 1.83 metres’ deep is 

useless as a functional place, but also Parolek et al (2008) suggest that they shall be no 

less than 2.5 metres deep, and when the porch is about 1 metre deep, it is unable to 

successfully engage the public realm.  

 

D-18 Light court or Area 

Whether categorised as ‘terrace or light court’ by Parolek et al (2008) or as ‘area’ by Bobić 

(2004), the researchers define the type as a frontage setting back from the property line 

by an elevated terrace or light court, sunken to basement level, giving light, air and 

sometimes access to a cellar, typical of Georgian terrace dwellings. Concerning its 

function, observed by the researchers mentioned above, this type buffers residential use 

from the pavement and removes the private garden from public encroachment by 

separating buildings and pavements with a small bridge from the pavement to the main 

floor. This type provides a strict physical division of the two domains. However, this is the 

type which has not been found in the fieldwork.  

Figure 4.2-23 Left: light court extracted from Bobić (2004: p.72); 

right: light courts found in London 
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D-19. Alcove or Niche 

These are the interface types recognised by Bobić (2004). He defines an alcove as 

occurring as a recessed space in the building volume, and especially when the entrance 

platform is raised, a psychological division from the pavement is strengthened. A niche is 

a recess in the wall but with a flight of staircases, so the doorways of niches are on a 

different level from the streets. In addition to form, alcoves and niches share a similar 

function as described by Bobić (2004). For example, alcoves or niches create a distance 

between streets and the front door, which presents a shallow transition room and small 

spatial and visual extension of the public space. The transition allows physical overlapping 

between public and private domains, and the room allows neighbourhood youth to gather 

and sit in, and gives a feeling of protection.  

D-20. Garage 

Harris (2005) simply defines a garage as a building or part thereof where motor vehicles 

are kept. He further divides it into two sub-types according to its connection to the main 

building. An attached garage represents a garage which has at least one wall (or part of 

one wall) in common with the main building, whilst a detached garage is completely 

surrounded by open space. In addition, Bobić (2004) precisely identifies one form of 

garage as carport (“drive-in” or “tuck-in" parking), where the garage is placed under a 

house, so it provides a sheltered connection between cars and dwellings and establishes 

the upper floor as the main floor. As a void under the building, it stands as a visual 

extension of the street, but without a back light or being surrounded by security gates. It 

gives a sombre expression to the street. 

Figure 4.2-24 Alcove (left) and niche (right) found in Taiwan 
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D-21. Stoop 

Broadly defined by Harris (2005), a stoop is a platform or small porch usually up several 

steps at the entrance to a house. More precisely, Parolek et al (2008) and Bobić (2004) 

define stoop as a frontage wherein the façade is aligned close to the frontage line with 

the ground floor elevated from the pavement. Bobić (2004) points out that this is a 

common transition type in Amsterdam, where stoops normally have two half-flights of 

steps, one to the entrance with a landing and another to the cellar and together with 

other features such as seat, lantern, etc. make a rich configuration with a multitude of 

variations in form. However, a stoop is seldom seen in Taiwan. 

In terms of the relationship to streets, it is regarded as an addition to private houses, but 

penetrates the pavement, causing the dynamic interchange between public and private 

domains (Bobić, 2004). Due to its form features, Parolek et al (2008) recommend a stoop 

for ground floor residential use as its entrance is usually an exterior stair and landing, 

which sufficiently secure the privacy of the windows. 

Figure 4.2-25 Roofed attached garage (right), and carport (left) found in Taiwan  

Figure 4.2-26 Stoop found in London (left); stoop (right) 

extracted from Bobić (2004: p.105) 
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D-22. Raised platform  

Bobić (2004) defines it as a platform or other horizontal surface 

along the building which is raised one step above the pavement 

and clearly indicates a defined territory. Concerning the 

relationship to streets, in the spatial and visual sense, the raised 

surface seems like a continuation of the street surface but, 

psychologically, it establishes a sense of ownership change 

(ibid). However, there is no obvious demarcation between public 

and private territory, therefore, pedestrians are hardly 

prevented from using it. 

 

D-23. Deck or Patio 

This is the type observed and recognised by this thesis during fieldwork. According to 

Harris (2005)’s definitions, a deck is a flat open platform, whilst a patio is an outdoor area 

open to the sky but enclosed (or partially enclosed) by the walls, fences or railings of a 

building, and widely used for any outdoor recreational space that is adjacent to a house. 

In terms of form, they are both roofless platforms adjoining the main building but also 

elevated from the ground or street level. However, patios are commonly made of concrete, 

stone or cobbles, and often decorated with plants; whilst decks are typically made of 

lumber and offer more flexibility. Because of the similarities they share (except materials), 

this thesis therefore identifies them as the same type “deck” during the fieldwork (for 

pictures, refer to Figure 8.1-55).  

 

A brief summary of the transition point types introduced above, they could be treated as 

an extension of the private territory into the public realm. They, more or less, provide 

space for staying as pointed out by Gehl (2011: p.151) that the spaces, “provide both 

comparably attractive possibilities for people to linger and to observe while remaining 

unobserved, and also protection with a good view.” Besides this, Figure 4.2-28 elaborates 

the structural dissimilarity and the similarity among some specific transition point 

Figure 4.2-27 Raised platform 

observed in Taiwan 
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elements. To illustrate this, the differences between porticos and porte-cochères are the 

measurements of entrances and the users, while the height of entrance surface (the 

presence of steps or stairs) is the main architectural difference between raised platforms 

and stoops, and between alcoves and niches. 

 

 

E-24. Automatic door 

This is a type recognised by this thesis. It is a kind of sliding door which is powered open 

and closed either by electricity (which almost always activated by sensor detection) or by 

a switch button. Automatic doors are usually made of glass, so that the view in and its 

transparency is inviting to pedestrians, which can successfully attract pedestrians. The 

function of an automatic door is the combination of a sliding door and shop window, yet 

it is more convenient and helpful for shoppers who already have their hands full with 

shopping bags and stuff without opening or closing doors by themselves. They are often 

found used on the outside doors of large retail businesses or convenience stores in Taiwan 

(for pictures, refer to Figure 8.1.-3 and Figure 8.1.-4). 

 

E-25. Shop window 

The benefits of having shop windows along the street are suggested by many researchers. 

For example, Gehl (2011) supposes it is a contribution to the street environment and an 

invitation for people looking from the inside or outside. In addition, Bobić (2004) proposes 

that a large window on the ground floor level controls the transition and gives the 

impression that the public space visually continues into the interior. Although it is mainly 

Figure 4.2-28 The illustrations showing the architectural differences between the similar transit point types 
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a visual impression, its psychological impact on the public space can be great, especially 

along the frontage. Moreover, Alexander et al (1977) suggest that it is a good type for 

shops, owing to its glazed characteristic, the view of some inviting activity inside can bring 

people in. What is more, they also have statistical information to support this suggestion. 

In a renovated furniture show room which was completely transparent to the street, they 

found that about 66% of people walking past it turned and looked in, and about 7% 

stopped, either to read a notice or to look into the interior more carefully. A shop window 

not only draws pedestrians’ attention, but also makes residents or customers sitting in 

the interior feel as if they are a part of street life. 

 

 

E-26. Staircase  

An outdoor staircase is a flight or a series of stairs, 

including supports, handrails and a framework, to 

access a building whose entry floor is elevated from 

the ground level (Bobić, 2004; Harris, 2005).  Bobić 

(2004) further points out that it can be applied at all 

forms of transition space, contributing to them 

visually, spatially and psychologically. For example, the 

exposed part of staircases to the pavements, as at 

stoops, niches, etc. have a social role by intensifying 

the relationship between residents and pedestrians.  

 

Figure 4.2-30 Staircases connecting to 

the entries above the ground floor 

Figure 4.2-29 View of shop windows 
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E27-E28. Sliding doors and Shutter 

Form features 

These two types are recognised by this thesis and are usually found to coexist in the 

fieldwork. It is a set of doors (as wings) sliding along tracks, and usually hanging shutter 

sliding on an overhead rail, which can be removed to open up completely for entrance, 

and locked in place at night for security. They could be made economically from varied 

materials, such as plywood, wood, steel, glass, aluminium, wire or plastic net, and 

composite to achieve different purposes; for example, glazed sliding doors are wildly 

applied to shops, whilst netted sliding doors are popular in residences (Figure 4.2-31). 

Functions and the relationship to streets 

A sliding door is a flexible interface type, which could be treated as a movable and fully 

opening wall and can be thrown wide open to the public. As Alexander et al (1977: p.776) 

write, “its success on its exposure to the street,” and the exposure enhance the 

relationship between interior space and street life. For example, it would be better to 

encompass some ordinary activity inside and part of the activity from the pedestrian path, 

so that it invites people walking down the path to participate in the activity. Therefore, 

sliding doors are useful for retail use, and often for space or aesthetic considerations. 

Nevertheless, on the other hand, it is worthwhile considering the fact that this inside 

activity or goods displayed in stores might become obstacles that cause a discontinuation 

of the pavement and inconvenience for pedestrians, if their occupancy of the pavement 

is unreasonably high.      

Having said that, sliding doors could be also suitable for residential use. In fact, they are 

popular in Taiwan due to their characteristics of ventilation and light penetration which 

adapt very well to the hot, humid and prolonged sunshine.   

Figure 4.2-31 An “open wall” and glazed sliding doors of shops; varied materials of sliding doors for 

residences 
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E-29. Mural 

Bobić (2004) identifies murals to be usually painted on 

building frontages that otherwise lack any specific 

architectural character. However, he suggests that murals 

can psychologically extend a building's domain and give a 

feeling of transition between the building and the street. 

Besides this, murals also deliver messages as graffiti does, 

add visual attraction to the street and can play a significant 

role in the privatisation of an urban environment (ibid). 

 

E-30. Creepers 

“It is as if the plants were a gift from the people inside to people on the street” (Alexander 

et al (1977: p.1137). This is fully expressed the significant contribution of climbing plants 

to streetscape. Most climbing plants, or what Bobić (2004), refers to as creepers, are 

applied as a landscaping feature to a building frontage in an urban setting. Occupying 

minimal surface on the pavement, creepers are suggested by Bobić (2004: p.137) to create 

massive green volumes that hang from the building above the pavement, and to become 

a part of the surroundings. The researchers also claim that creepers can create a smooth 

transition between the built and the natural, a sort of blurring of the edges, where people 

enjoy this ambiguous but interesting space a lot. Not only creepers, Alexander et al (1977) 

further point out that all the healthy plants and flowers growing around the windows and 

out of flower boxes in the upper floors, their rich colours can implement any form of 

building frontage, and also make the street feel more comfortable. Following these 

benefits asserted in the literature, climbing plants can be regarded as a positive factor in 

encouraging people to walk.  

 

The following interface types are related to household security, that owners can apply to 

mark a line to separate private space and the public realm and protect domestic privacy.  

Figure 4.2-32 Mural found in London 
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F-31. Fence or Railing 

Functions and forms from the literature  

Bobić (2004) identifies fences or railings as being interfaces applied to a close-bordered 

barrier. But they provide a moderate sense of territorial division rather than a real 

defensive barrier (e.g. walls) since the transparent division, the interval between posts, 

leaves the building visible. He finds that railings are placed at the sunken light court 

between the pavement and main building to protect a pedestrian's safety and also to 

allow light into the cellar. In addition, Parolek et al (2008) find that fences are usually 

combined with porches in suburban areas in the U.S., so that fences at the frontage line 

can maintain the demarcation of the garden. What is more, low fences are recommended 

by Gehl (2011) as they provide clear delineation between semi-private areas and the 

street, but also provide good places to stand for a chat with neighbours, or for an easy 

glance at the street.  

Actual forms found in Taiwan 

For the both landscaping and protection purposes, as Bobić (2004) suggests that railings 

may be used in combination with other architectural or landscaping features (e.g. dwarf 

walls), railings or fences are also found usually combined with other territory protector 

elements, such as gates, walls and hedges by this thesis (see Figure 4.2-34). 

Owing to the fact that fences and railings are similar in terms of function and form, the 

type was recorded as fences when they were made of wood, while railings represented 

the types made of metal during the fieldwork.  

 

F-32. Hedge 

Forms identified from the literature   

A hedge is defined as a barrier formed by bushes or small trees growing close together by 

Harris (2005). Furthermore, Bobić (2004) divided hedges into two forms: front and wing 
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hedges according to its position to the main building. More precisely, front hedges are 

parallel to building frontages, whilst wing hedges are perpendicular to them (as Figure 

4.2-33 shows). Comparably, hedges are also usually found to be combined with other 

features (e.g. railings or dwarf walls) while proper trimming and varied plants can 

contribute a rich colour and diversity of form to the streetscapes (ibid).  

Intended functions  

Hedges can be recognised as a soft wall but made of plants. For example, Bobić (2004) 

states that front hedges distinguish the spatial and visual limits of street space by 

providing a clear but soft and friendly division. However, the wing hedge is not suggested 

by Bobić to divide private from public territory; instead, wing hedges separate neighbours 

from each other, and imply the presence of partitioned transverse spaces and screen cars 

on the drive along the pavement (ibid).  

 

F-33. Wall 

Functions and forms from the literature  

Broadly speaking, the main function of interfaces is to connect different components of 

urban form smoothly, yet a wall is an element used to mark a distinct line to efficiently 

separate private and public realms. Having said that, walls are still able to play a great role 

in the landscape, and to shape the streetscape in a good way. 

To elaborate this, the space from the building façade to the wall is defined as an “outdoor 

room” by Ewing (1999), which is sometimes applied to streetscapes that are visually 

Figure 4.2-33 Front hedge (left) and wing hedges (right) found in the fieldwork 
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enclosed so as to be room-like. The walls of the room are vertical elements to bound and 

shape street spaces (ibid). Moreover, Ewing (1999) concludes that walls can be delivered 

in two forms to create various streetscape. For example, “blank walls”, which are 

windowless, garage-dominated and security walls, cause the major source of dead space 

in cities. By contrast, “articulated and landscaped walls” can screen space (particularly 

parking inside front gardens) without spoiling the street edge (ibid). In addition, Alexander 

et al (1977) also appreciate the beauty that walls sometimes add to the environment; for 

example, in a large garden or park, if the brick wall is built properly, it shall be a beautiful 

scene when it becomes old and has its ‘grave purple reel, touched with mossy green’ (John 

Ruskin (1907) cited by Alexander et al, 1997: p.807). In a small garden, hedges and fences 

are suggested by Alexander et al (1997) to replace some walls for landscaping reasons. 

Furthermore, walls could be categorised into high walls and dwarf walls (or “sitting wall” 

by Alexander et al, 1977) according to their height (Bobić, 2004; Gehl, 2011). 

High wall 

High walls are superimposed with building frontages that are placed on the same line and 

therefore help in better defining the street room (Bobić, 2004). High walls are claimed to 

protect the privacy of houses instead of being exposed to the street, and to provide a 

shield to a quiet garden from the surroundings by blocking views and noise from passing 

traffic, though sometimes it looks unfriendly on the outside (ibid). As far as social 

interaction is concerned, walls also inhibit and isolate contacts between residents and 

neighbours or passing pedestrians (Gehl, 2011).  

Dwarf or sitting wall 

As Bobić (2004) describes, dwarf walls are low and often made of masonry. As a friendly 

demarcation between public and private domains, it can be applied to different types of 

gardens, particularly front gardens (ibid). Besides this, dwarf walls are able to provide 

secondary seating (Alexander et al, 1977; Gehl, 2011). 

Suggested scale 

Although any forms of wall provide, more or less, a shield to the house (Bobić, 2004), yet 
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its height is still a subject in itself. To illustrate this, as Alexander et al (1977) write, “In 

many places walls and fences between outdoor spaces are too high; but no boundary at 

all does injustice to the subtlety of the divisions between the spaces.” What is more, they 

offer a clear view of an ideal wall which can create a seam, a place to unite the two 

domains (as walls indeed connect them) but does so without impeding its function of 

being a wall to separate the two and protect privacy. Thus, a wall that is 40 centimetres’ 

high is suggested to be low enough to sit on, but also high enough to mark the boundaries 

(ibid).  

Actual forms of walls combining with other elements 

As pointed out by Bobić (2004), walls parallel to the front of buildings are always found 

by this thesis to co-exist with other territory protector elements as illustrated in Figure 

4.2-34.  To explain this, the most represented type in the study area is Type1, where high 

walls are combined with a roofed solid door. Type2 is the second most popular type, which 

is a derivative of combining Type 1 and a roofed rolling shutter, which is also identified as 

car blank or garage door by Dovey & Wood (2015) through which cars are able to park 

within. In addition to these two types, Type3, high walls combined with a solid door, is 

the other common type as an entrance to the front space. Besides these, dwarf walls are 

usually combined with fences, railings, and hedges for landscaping purposes.    

Figure 4.2-34 The actual combinations of walls and other elements found in fieldwork 
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To sum up, territory protector elements are usually used for security and clarifying 

boundaries by giving a clear definition and enclosure (Yeang, 2000). Bobić (2004) 

categorises these forms as landscaping features, which are alternative elements that a 

house owner can use or combine more flexibly to create the space they like.  For example, 

a dwarf wall could be combined with a railing to provide protection and visual access 

simultaneously. These types indeed provide good protection for house owners, yet to 

some extent it might be unfriendly and unpleasant for pedestrians; as Gehl (2011) claims 

that walls inhibit contact whilst no walls promote it. Thus, what kind of combinations of 

these varied interface types could form a balance between pleasing residents and 

pedestrians is this research’s concern. 

 

G-34. Pot-huis 

It is an interface type categorised by Bobić (2004), and defined as Dutch cellar-house, an 

extension of the building and built on public space within the "margin". It is usually a low 

dwelling below eye-level, built inside the envelope established for the stoop. He also 

points out the functions provided by pot-huis; for example, it provides sheltered access 

to the cellar, and additional space and light to the cellar room. Besides this, residents 

often use the roof as a terrace as it provides a good vantage point for watching over the 

street. 

 

  

 

 

 

Figure 4.2-35 Pot-huis-like interface found in Taiwan (left); extracted from Bobić (2004: p.106) 
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G-35. Covered enclosed ground-level circulation link (CL) 

G-36. Circulation Bridge (CB) 

These are the types categorised by Steadman et al (2000b), which are parasitic structures 

connecting two separated buildings on the ground level (CL) and from the first floors 

upward (CB), see illustrations in Figure 4.1-2. The clear distinction between CL and CB is 

the level: they are used to linked different storeys. CL only links the ground floor between 

two buildings, whilst CB links the first floor and the upward storeys of the buildings.  

  
Figure 4.2-36 Covered enclosed ground-level Circulation Link (left) and Circulation Bridge (right) 
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4.3. Summary and discussions 

4.3.1. Comparison between the classification used in this thesis and from the literature   

The research subjects, Bobić (2004), Dovey & Wood (2015), Kamalipour (2016) and this 

thesis all emphasise the importance of interfaces in understanding urban issues and the 

influence of interfaces on socio-economic activities or public life. 

In addition, to establish interface typology, Kamalipour (2016) agrees that Bobić (2004)’s 

study presents the most complete and detailed interface types in the existing related 

literature. Compared to Bobić (2004), the classification of interfaces identified by Dovey 

& Wood (2015) and Kamalipour (2016) consist of more conceptual and abstract categories. 

To elaborate this, they broadly categorise interfaces and name the categories according 

to the characters shaped by the spaces (e.g. impermeable/transparent classes) rather 

than recognising and enumerating the present individual interface elements. By contrast, 

Parolek et al (2008) and Steadman et al (2000b) recognise some specific interface types, 

but the interfaces they identify are confined to frontage types or architectural 

constructions attached to the main buildings. Therefore, Bobić (2004)’s study particularly 

helps this thesis to establish the catalogue of potential interface types from the literature 

review and observation items for fieldwork. Besides this, his descriptions of the individual 

interface types contribute to a noticeable part of the definitions of interface types in this 

chapter.   

Most studies (including this thesis) in Table 4.3-1 deconstruct interfaces into individual 

elements from every classification category or group, except of Dovey & Wood (2015) and 

Kamalipour (2016)’s classifications as mentioned above. In their classification, the 

category itself is exactly the type of interfaces; that is, although some interface spaces are 

classified into the same category or the same interface type defined by Dovey & Wood 

(2015), or by Kamalipour (2016), these interface types can contain various interface 

elements.  

Having said that, this thesis uses the same logic as Dovey & Wood (2015) and Kamalipour 

(2016), treating interfaces as a complex to define interface space. A descriptive interface 

type can consist of one or several interface elements (for examples, refer to Table 6.2-8). 

The main difference between the classification methods developed by them and by this 
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thesis is that every interface type identified by this thesis has a fixed constitution, yet they 

do not identify the individual elements from their every interface type. Related to the 

method they employ, the advantages of their categories are: 1) the main character of each 

interface type can be recognised immediately, e.g. transparent vs. impermeable; 2) their 

categories can be adopted directly as they do not define the fixed constitution of each 

type; as Kamalipour (2016) writes, the criteria and types are clearly outlined, but some 

interfaces are not included as specific types. In other words, even the same category 

defined by them could be found to have different combinations of interface elements in 

the various cities or urban contexts. To illustrate this, the final interface types identified 

by this thesis (refer to Table 6.2-8) could be re-classified according to the definitions of 

their categories; for example, B6-1 and B7-1 could be re-categorised into adjacent 

accessible type (Kamalipour, 2016) or direct opaque (Dovey & Wood, 2015); B6-1L and 

B7-1L could be re-categorised into distant accessible type (Kamalipour, 2016) or 

pedestrian setback (Dovey & Wood, 2015); whilst D1,E1 and E2 could be re-categorised 

into adjacent porous type (Kamalipour, 2016) or direct transparent type (Dovey & Wood, 

2015), and so on. However, the downside of their categories is that they are unable to 

precisely demonstrate and present the actual interface forms or streetscape in the local 

areas. On the contrary, the methodologies for classifying interface types developed by 

this thesis could be adapted to different cities or urban contexts and reveal their 

representative interface types and elements.  

What is more, both of the studies do not take into account the ability of sheltering in 

interface types. Especially for Kamalipour (2016)’s research, as his study cases are based 

in global South cities, where a large proportion of them are in Southeast Asia whose 

climate is mainly tropical: hot and humid all year round with plentiful rainfall. The ability 

of sheltering would have a great impact on pedestrians’ activities and their staying time 

outside. That is also the reason why this thesis particularly identifies the character of 

providing shelter, as Taiwan is in the monsoon tropics and subtropics, which has a 

monsoon season in the spring and the weather is hot and humid in the summer where 

the temperature could be up to 39-40 degrees. 

Following these, Table 4.3-2 shows the categories or groups the individual interface 

elements are classified into by different studies and by this thesis.  
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Table 4.3-1 The summary of the criteria and classification used by different studies  

St
u

d
ie

s This thesis Bobić (2004) Dovey & Wood 

(2015) 

Kamalipour 

(2016) 

Parolek et al 

(2008) 

Steadman et 

al (2000b) 
C

ri
te

ri
a 

•  Location  

•  Relationship with 

streets 

•  Function 

 

•  Location 

•  Relationship 

with streets 

•  Structural 

features 

•  Location, 

•  User 

(car/pedestrian)  

•  Architectural 

features  

•  Connectivity 

•  Proximity  

• Architectural 

features 

•  Relationship 

with streets 

•  Structural 

feature 

C
la

ss
if

ic
at

io
n

 

•  Shelter Provider 

(SP) 

•  Ambiguous Divider 

(AD)  

•  Transition Point 

(Trp) 

•  Visual Attraction 

(VA)    

•  Territory Protector 

(TP)   

 

 

•  Integrated 

•  Overlapped 

•  Confronted 

•  Associated 

•  Inserted 

•  Extended 

•  Suspended 

•  Architectural    

features (AF) 

•  Landscaping 

features (LF) 

 

 

Impermeable:  

• Blank 

• Car blank 

• Transparent blank 

Direct: 

• Direct opaque 

• Direct transparent 

Setback: 

• Pedestrian setback 

• Car setback 

• Secondary 

interfaces 

Adjacent 

•  impermeable 

•  accessible 

•  porous  

Distant 

•  impermeable 

•  accessible 

•  porous 

Frontage type Parasitic   

To
ta

l n
u

m
b

e
r 

o
f 

ty
p

e
s 36 40 8 6 8 15 
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Table 4.3-2 The individual interface elements categorised by different studies 

Interface element 
This thesis Bobić (2004) Dovey & Wood (2015) Parolek et al 

(2008) 

Steadman et 

al (2000b) 

Private walkway/mews Integrated 

Outdoor Café Associated Pedestrian setback 

Parking space/garage  Car blank/setback 

Arcade SP Frontage type 

Covered Street SP Integrated13 Parasitic 

Underbuilding SP Overlapped 

Gallery  SP Overlapped14 Frontage type 

Balcony SP AF Parasitic 

Overhang SP Associated Direct opaque 

Canopy SP AF Frontage type Parasitic 

Awning SP AF Direct opaque  Frontage type 

Setback AD 
Inserted Secondary interfaces 

Pedestrian setback 

Front porch TrP Inserted Frontage type 

Portico/Porte-cochère TrP AF Parasitic 

Garage TrP Overlapped 

Alcove/Niche TrP Overlapped Direct opaque 

Light court/Area TrP Inserted 

Stoop  TrP Associated Frontage type 

Raised Platform TrP Associated 

Deck TrP Integrated 

Staircases TrP AF 

Shop window VA    AF Transparent blank  

Sliding door VA   Direct transparent15 

Shutter  VA   Car blank 

Mural VA    AF 

Creepers VA   LF 

Fence/railing TP LF 

Hedge  TP LF 

Wall  TP LF 

Pot-huis Associated 

Covered enclosed ground-

level circulation link 

Parasitic 

Circulation Bridge  Parasitic 

Note: SP-Shelter Provider; AD-Ambiguous Divider; TrP-Transition Point; VA-Visual Attraction; TP-Territory Protector 

13 The original term Bobić uses is arcade, but the definition of his arcade is the same as covered street in 

other authors’ definition, and different from the arcade used in this thesis.   
14 The original term Bobić uses is colonnade. 
15 When the sliding doors fully open up to the public. 
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Chapter 5: Research design and methods 

5.1. The research design process and structure 

According to the fieldwork timetable, the research design can be divided into three 

phases: pre-fieldwork, during fieldwork and post-fieldwork (see the flow chart in Figure 

5.1-1). 

• Pre-fieldwork: including all the preparation before setting off for the fieldwork,

namely:  selecting observation areas; establishing methods on data collecting,

such as designing urban form classification system and recording system, as well

as designing travel activity questionnaire and setting the research limit.

• Fieldwork: collecting data both on urban form types (i.e. interface, building, and

street types) by using the recording system, and on travel activity via an activity

diary. The fieldwork of form types was investigated from June to September in

2014 and the activity survey was conducted in October and November 2015.

• Post-fieldwork: analysing all the data obtained from fieldwork; for instance,

clustering urban form data into different groups of final types by non-hierarchical

cluster method (K-Means) and showing their spatial characteristics by ArcGIS

10.2.2. This step is used to find out the research questions related to urban form:

what are the representative urban form types in the study area, and how to

categorise urban form types systematically?

In addition, travel activity data (i.e. mode choice, walking behaviour and use of 

front space) are analysed both by basic descriptive statistics and by Chi-square 

test to examine the relationship between different urban form types and their 

associated travel activity characteristics (mode share and walking pattern); 

additionally, discriminant analysis is used to examine the relationship between 

travel activity characteristics and front space use pattern. Following this, this 

thesis is able to answer, how are the identified urban form types associated with 

travel activity? What kind of urban form types are related to sustainable travel 

activity? And, will the use pattern of front space affect walking behaviour? For 

example, if the Chi-square test result of any urban form type is significant, then 
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those types can be further identified as favourable types if they are related to high 

mode share of sustainable transport or unfavourable types conversely. About the 

statistical software, IBM SPSS 22 is employed by this thesis to undertake Chi-

square test and discriminant analysis. 

The real process and operational order is as the structure diagram shows, but to aid 

coherence of the thesis structure, the preparations of urban form data collection (e.g. 

design of survey sheets), investigation steps, and a sample of fieldwork are all put 

together in the same section (5.2.2). Similarly, in the travel activity section, the design of 

questionnaire, survey methods, sample size etc. are also described together in Section 

5.2.3.  

With regard to methodologies, K-Means cluster method has been used to classify form 

types by other research (e.g. see Table 3.1-1). However, most of them classify urban form 

through its quantified spatial characteristics (e.g. ratio of open space, density of built 

development areas, etc.) and socio-economic indicators (e.g. population density) rather 

than via its descriptive form characteristics due to the controversy of K-Means dealing 

with categorical dataset. Therefore, the theoretical explanation of using K-Means for 

Figure 5.1-1 The research structure of fieldwork and analysis processes 
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classifying urban form types is elucidated in this chapter (Section 5.3.1), whilst the overall 

critical discussion and justification about K-Means is particularly explained in the 

conclusion chapter (Section 11.2). Additionally, the real operating process and results are 

revealed later in Chapter 6. Similar to that, the Chi-square test (used to examine the 

relationship between form types and travel activity characteristics) and discriminant 

analysis (used to examine the relationship between mode share, walking pattern and the 

use pattern of front space) are briefly introduced theoretically in this chapter, and their 

analysis processes and results are presented together in the empirical results chapters 

later.   

In terms of spatial analyses, ArcGIS 10.2.2. is used to show the spatial distribution 

characteristics of urban form types as geographic information systems (GIS) has been 

popular in the methodology of urban morphology (e.g. see Lilley et al, 2005; Pinho & 

Oliveira, 2009; Holtier et al, 2000; Jiang & Claramunt, 2002). The advantage of GIS is that 

it is not only able to record the spatial characteristics of urban form, but it can also be 

joined to quantitative information. For instance, this research can match the spatial 

pattern of urban form types with their related travel activity data, and then find the 

general relationship between urban form types (especially interface types) and mode 

choice. Therefore, this study can further understand what kind of surroundings (interface 

types in particular) are related to more sustainable travel activity patterns.  

The research limits: research scale  

There are some different research scales applied to this thesis depending on the subjects 

being studied. They could be discussed from two distinct scales: spatial scales of urban 

forms and data-collection scales of travel patterns. 

In terms of geographic study area, the research used a broader regional scale to obtain 

an overview of socio-economic background, infrastructure and transport system in Da-

An District, the case study area. However, the observation area of fieldwork is limited to 

residential zoning areas due to the following advantages. Residential areas can provide 

apt and plentiful sources of objects not only for dwelling types, but also for travel activity 

surveys. To illustrate this, dwellings are the basic building types which should be focused 

on as they constitute the majority of a city and reflect local people’s lifestyle (Chen, 2010: 
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p.87), and every travel activity trip begins from and terminates at dwellings as Moudon 

et al (2002) define that dwellings are travel generators. In order words, dwellings’ design 

more or less is related to the residents’ travel habit or preference as the dwellings’ design 

can be decided on by residents; for example, if residents prefer driving, they are likely to 

live in the houses with garages; or vice versa, if their houses provide private parking 

spaces, they are more likely to drive more than residents who do not own parking spaces. 

That is the reason why this thesis focuses on residences instead of work places as the 

design of residents’ work places do not directly reflect people’s daily travel activity habit 

as people generally cannot design the form of their work places. 

What is more, considering the basic unit for observing and recording the types of built 

environment, the investigation scale was refined into an individual building and street as 

interface types between buildings and streets could be varied even when they are located 

within the same block due to the fact that it is not easy to find representative interface 

types or a consistent façade in the same block in Taiwan.  

Moving onto the research scale of travel behaviour, firstly, disaggregate travel data of an 

individual respondent is analysed in order to match the individual data of building, street 

and interface type. More precisely, the individual respondent’s behaviour is categorised 

by the type of interface of the building they live in and by the type of interface of the 

street they live on, rather than by the block type they live within. For example, if a 

resident lives in a building with a wall but within a block composed of 90% open setbacks, 

then his or her behaviour is defined by the wall type instead of open setbacks. However, 

when it comes to the discussion regarding the relationship between some particular form 

types and their associated travel activities, and even neighbourhood types and their 

related travel activity patterns, aggregated travel data is instead used to represent the 

overall performance of travel activities in every corresponding form type.   
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5.2. Pre-fieldwork 

5.2.1. Case study area: Da-An District, Taipei  

As the first chapter introduced, the research was initially motivated by the phenomenon 

of high dependence on private vehicles in Taiwan which was inconsistent with the 

theoretical benefit of mixed land use which is prevalent in Taiwan. In addition to that, the 

discussion about the relationship between travel activity and urban form characteristics 

(e.g. mixed land use, pedestrian environments, types of interface space etc.) emphasising 

the importance of design/quality of interface space between buildings and streets (e.g. 

Gehl, 2011; Jacobs, 1961; Moudon et al, 2002; Speck, 2012) supported the research 

assumption that mixed land use is just a first step in encouraging a lifestyle that includes 

more walking and less private vehicles with the key factor being the interface type which 

physically connects different trips with different purposes from varied land use by 

providing private or public walkable space. Moreover, Speck (2012) also emphasises the 

necessity of public transport infrastructure to create a pedestrian-friendly environment. 

Furthermore, Moudon et al (2002) define land use characteristics of pedestrian potential 

must be both functionally and spatially complementary concurrently.  

With a view to fulfilling the research premise, the criteria of a suitable study area must: 

(1) have a high and evenly distributed density of mixed and diverse land use to meet 

functional and spatial complements, and (2) have complete transport infrastructure (a 

public transport system in particular) providing residents with the same varied transport 

choice; in other words, if respondents live in areas without public transport, they do not 

have any chance to travel using it combined with walking or cycling to replace private 

vehicles no matter how friendly the walking or cycling environment is.  

Following the premise conditions, Taipei city was, therefore, the most suitable case study 

area for this research. To illustrate this, in terms of mixed land use, Taipei city is fairly 

representative as mixed land use is extremely common in any urban area in Taiwan (Chen 

& Wang, 1989). From the perspective of transport, as the capital city of Taiwan, Taipei 

city undoubtedly has the most complete and convenient transport system and 

infrastructure in Taiwan. For instance, there are 8 lines and 82 stations on Taipei Mass 

Rapid Transit (MRT), whilst there are only 2 lines and 37 stations on Kaohsiung’s (Taiwan’s 

second city) MRT. Hence, Taipei was the most appropriate city providing a high density 

of development and mode choice diversity to study. Moreover, the population density of 
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Da-An district was the highest out of all the districts in Taipei. The area was mainly 

composed of both residential zones (as observation sources) and school zones (as travel 

attractors), and the distribution of current mixed land use was spatially balanced (see 

Figure 5.2-1). Thus, Da-An District was chosen to be the case study area. Figure 5.2-2 

presents the landscape of the study area, whilst Table 5.2-1 shows the information of Da-

An District. 

 

 

Figure 5.2-1 The location of Da-An District, its distribution of zones and current commercial use      

Figure 5.2-2 The overall view of urban form in the study area (extracted from Qi, 2012: p.8 & p.20) 
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 Table 5.2-1 General information of Da-An District 

5.2.1.1. Steps in selecting observation area 

The maps of distribution of current commercial use and official zoning in Figure 5.2-1 

were overlapped to determine suitable observation areas for fieldwork, where the land 

use patterns were more complementary. The preliminary selected areas, marked A in 

Figure 5.2-3, show that the mix of commercial and residential use of selected areas was 

more spatially and functionally complementary than that of the other areas since almost 

every residential block in the preliminary selected areas was surrounded by commercial 

blocks, and there was an adequate number of schools and government institutions. 

Moreover, the service area of an MRT station was used as a further criterion to diminish 

the influence on mode choice from transport mobility (or say, maximise the influence 

directly from urban form), because public transport is usually regarded as another 

important factor in encouraging people to walk (Campoli, 2012). Besides this, the service 

area set by this research was within a walkable distance radius of MRT stations, where 

the distance adopted was 800 metres (half a mile), about a 10-minute walk, which was 

16Data were from Department of Budget, Accounting & Statistics, Taipei City Government (2015). 
17 It is officially planned commercial zoning. However, restrictive commercial activity is allowable in 
residential areas, therefore, commercial use is observed much more in reality than in planned zoning. The 
percentage of current commercial use was 34.40% in Da-An District, the area being focused on in this 
research study. 

Urban area 

Da-An District 

Population density (People/Km2) 27,59216 

(the densest area in Taipei) 

Area (Hectare) 1,136 

Zoning (planned land utilisation) Area (Hectare) (%) 

 Residential 334 29.4 

 Commercial17 82 7.22 

 Educational  223 19.63 

 Others  497 43.75 

Regional location Urban centre 

Public transport system MRT: 8 lines, 82 stops 

Bus service: over 50 lines, 250 bus stops 
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advocated by Perry (1929), see B in Figure 5.2-3. After sifting through the features of land 

use and transport, the final observation site is shown in C, Figure 5.2-3.  

Figure 5.2-3 The process of selecting observation sites; A: preliminary selected areas, B: service range 
of MRT stations, C: final observation site (the bright coloured rectangular-like area) 
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5.2.1.2. Detailed information of selected observation site 

The observation area was about 86 hectares (212 acres), which is composed of six official 

villages (the smallest administrative unit in a city, similar to a ward): Renci Village, De’an 

Village, Zhu’an Village, Longyun Village, Qunying Village and Qunxian Village (see Figure 

5.2-4). According to the demographic data released by the Department of Civil Affairs, 

Taipei City Government in October 2015, there were 14,112 households and 35,979 

residents registered within the six villages, and the population density was considerably 

compact with over forty thousand people per square kilometre, which was even higher 

than that in Da-An District.    

Figure 5.2-4 Current land use (left) and village boundaries and transport network (right) in the 
observation site 

For urban form related data, the average residential block size was about 0.3 hectares 

(equal to a 55 by 55 metre-square), whilst the biggest block was exactly the area of 

Qunying Village with 5.34 hectares. Regarding land use, the types were diverse and a mix 

of land use was prevalent; for example, 60% of land was defined as being for residential 

use while 26% was considered to be for commercial use, and schools (one primary and 

one junior high school) as well as government organisations (e.g. a municipal hospital, 



154 

post office, police station, etc.) can result in different travel activity generation. Besides 

this, within the residential land category, nearly half of it was also mixed, especially with 

commercial use, such as retail, catering related shops, and daily life services (e.g. dry-

cleaning shops, beauty salons, pharmacies, etc.).  The most common mix type was to have 

shops on the ground to first floor and remain residential above that. 

In the transport network (see Figure 5.2-4), the observation site was surrounded by main 

roads which also passed through the middle of the site. There were three secondary 

roads connecting and transiting the traffic from the main roads to local service roads, or 

vice versa. The site was serviced by two MRT lines (two stations) and twenty-one bus 

stops. 

Table 5.2-2 The socio-economic and form related information of the observation site 

                                        

 

 

Observation site 

Renci Village, De’an Village, Zhu’an Village, Longyun 

Village, Qunying Village and Qunxian Village 

Registered population 35,979 

Household number 14,112 

Area (hectare) 86 

Population density (people/km2) 41,836 

Residential block size  

      Average  0.29 

      Maximum  5.34 

      Minimum  0.038 

Land use types investigated from this research Area (Hectare) (%) 

      Residential use 30.36 59 

             purely residential 15.68 51.7 

             mixed with shops 13.15 43.3 

            mixed with small-scale factory 0.04 0.1 

            mixed with religious use 0.2 0.6 

            mixed with other uses (e.g. medical) 1.3 4.3 

      Commercial use 13.24 26 

      Schools 4.36 8 

      Others  3.43 7 

Regional location Urban centre 

Public transport system MRT: 2 lines, 2 stops 

Bus service (21 bus stops) 
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Following these urban form related features given by Table 5.2-2, this observation site 

was able to provide: (1) an apt and abundant source of population and residential 

buildings for questionnaire surveys and form types observations, (2) varied land use types 

and infrastructure for trips with different purposes and high accessibility, and (3) a 

complete transport network for varied mode choice and high mobility connecting that 

area to other districts. Hence, this selected observation area not only met the research 

conditions (controlling socio-economic related factors to observe the effect from the 

design of both the residential environment and walking space on travel activity), but also 

its area characteristics were consistent with those of Da-An districts (e.g. a high 

population density and mixed land use, transport convenience, etc.), so that the final 

observation area could be considered representative of the urban lifestyle in Taipei.   

5.2.2. Urban form construction and investigation methods 

5.2.2.1. Two-dimensional coordinate system (x-y matrix) 

Built form is the outcome of repeated integration of different elements of urban form 

(Parolek et al, 2008), whereby urban form can be deconstructed and tracked back to 

different fundamental form units. The constitution and components of urban form in the 

literature review has shown that ‘urban form is an extremely complex synthesis’ (Chen & 

Thwaites, 2013: p.65). However, building types and street types are both broadly 

recognised as the most prominent and prime elements constituting urban form by most 

typological or morphological researchers (e.g. Kropf, 2014; 2018; Chen, 2010). Therefore, 

the preliminary composition of urban form was split into three elements by this research, 

namely buildings, streets, and interface, i.e. the transition space not only within buildings 

and within streets but also connecting buildings and streets, which was specifically 

identified as the most important subject in this thesis.  

After the urban form elements were determined, the research then reconstructed and 

reintegrated these systematically by putting their function, form and spatial 

characteristics into the x-y coordinate system in order to discover and obtain the 

universality or particularity of the most representative and descriptive archetype thereof 

in an organised way. The concept of this typo-morphological method was also well 

illustrated by Chen & Thwaites (2013), who postulate that urban form can be 

comprehensively understood “by breaking down its complex entity into smaller 

components and placing them in a logical order to create an analytical framework” (p.65). 
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More specifically, the common characteristics applied in identifying form types was 

referred to Table 3.2-1 in the literature review. For example, the table revealed that 

building function and form were two of the most widely used characteristics describing a 

building type in many studies or projects (e.g. Duany & Plater-Zyberk, 1981; Chen, 2007; 

Real Estate Database). Besides this, although the systems of street recognition and 

classification are various and complicated, road hierarchy or road function is still the main 

determinant for describing a street type rather than the real form of streetscape, which 

corresponded to Marshall (2004: p.8)’s claim. For example, in Standards for Urban Road 

Engineering Design in Taipei 1997 (art. 2), Elizer et al (2008) and Chen (2007)’s research, 

they all use road hierarchy or road function to classify street types. Consequently, road 

hierarchy and road form, i.e. street scale, on-street parking space, pavement, planting, 

and street furniture, were used to both describe and present a street type.  

When it comes to interface types, setback or front space, i.e. the semi-private transition 

place belonging to buildings but also directly connecting streets, has been regarded as a 

critical place in engaging outdoor activity by related research (social activity in particular, 

e.g. Dovey & Wood, 2015; Gehl, 1986; 2011; Gehl & Svarre, 2013). Although some 

researchers recognise setback as one kind of use in interface (Appleyard, 1980; Brown et 

al, 1998; Ewing, 1999), it could be divided into different types according to the design 

thereof, such as front gardens, front porches, light courts, and stoops etc. (Parolek et al, 

2008); what is more, the space itself can also contain various interface elements in it 

simultaneously; for example, rain shelter, walls and railings can be seen together in a 

front garden. Thus, interface types were identified as an integrated form composed of 

front space type and interface unit, where it is the combination of interface elements. 

The classification was split into two steps (obtaining interface units first and then 

interface types) exclusive to interface types due to the fact that the possibility of 

combinations of interface types is substantial both from the theory and fieldwork results.   

Following the explanation above, an x-y matrix classification system is then designed by 

this thesis (see Figure 5.2-5). There are corresponding outputs produced through plotting 

each characteristic (input) of the horizontal axis (x-axis) against those on the vertical axis 

(y-axis), whilst the outputs could be building type, street type or interface type according 

to the different inputs of the x- and y-axis. The concept of the classification could be 

interpreted by equations like these: 
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Building Type = Building Function X Building Form 

Street Type = Road Function X Road Form 

Interface Type = Front Space Type X Interface Unit (∑Interface Elements) 

Moreover, hierarchy in a form classification system is a very important concept in typo-

morphological research (Chen, 2010). Consequently, in terms of the hierarchy of urban 

forms, building type is the fundamental element of urban form and also the first step of 

deconstructing and reconstructing an urban grain; whilst the hierarchy of street type is 

higher than that of building type in the classification system, which is also recognised in 

Conzen’s schema as referenced in Whitehand et al (2011) and Kropf (2014; 2018).  

Moreover, setting basic observation units in the fieldwork of urban form is also a 

prevalent method employed by Conzenian traditions and the Versailles school. The basic 

observation unit is a fundamental area which has its own identity or distinguishing 

characteristic that could be described or discussed, such as a plot, a block or a 

neighbourhood (made of several blocks). To illustrate this, an urban landscape unit is 

used to represent the manifestation of urban form in Conzenian tradition research (e.g. 

see Whitehand et al, 2011). The classification system of urban landscape units includes 

several levels, and then obtains the final observation unit by overlapping these levels step 

by step. A similar method is applied in this study. The different hierarchies (or levels) of 

form observation units were also introduced by this research to completely understand 

and present the landscape of the built environment, and the whole structure and 

components of urban form were further illustrated in Figure 5.2-5. The concept of the 

hierarchical system could also be interpreted by the similar equations mentioned above 

like these: 

1st stage: Building Type = Building Function X Building Form 

2nd stage: Housing Development Unit = Building Type X Interface Type  

3rd stage: Housing Pattern = Housing Development Unit X Street Type 

4th stage: Urban (Residential) Form = ∑Housing Patterns 

Firstly, building type was the combination (output) of plotting the characteristics of 

building function against building form. At the next stage, the interface type was added 

in with building type constituting of the housing development unit (similar to a plot type 

used in Conzenian tradition research), and then the housing development unit was 

combined with street type to form housing pattern (usually shown in the form of a block), 
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where the various housing patterns were aggregated into a neighbourhood type (smaller 

scale) or an urban form (regional scale) at the last stage. Furthermore, housing 

development unit was recognised as a critical element in shaping residential form by this 

research, because the types of housing development unit can be designed and decided 

by developers or house owners if the design complies with basic building regulations.  

Nevertheless, this urban form classification system probably only fully works in certain 

circumstances as this is a theoretical research design. After urban form investigation, the 

real types of interface space found in the observation area were extremely varied and 

complicated (there were still over twenty-four types finally identified even after clustering 

analyses). As a result, there will be hundreds of possibilities (and also in reality) of housing 

developments units, not to mention types of housing patterns. In that sense, there is no 

meaning in classifying urban form into hundreds of form types. Due to this, in the urban 

form results, this research only recognised building types, street types and interface types 

instead of housing development units and housing patterns. However, neighbourhoods 

comprised of some specific building types, interface types and street types were 

comprehensively discussed through their form characteristics. 
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Figure 5.2-5 The multi-level composition of urban form 
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Having said that, this research design can still be applied to other areas which have a 

relatively simpler streetscape (or defined as housing pattern here). For example, one 

residential area in London  (see Figure 5.2-6), has a similar streetscape to the observation 

site and is useful for illustrative purposes. Along the whole street, there were only three 

housing development units (building types + interface types) and one street type; as a 

result, there were only three housing patterns (housing development units + street type) 

which constituted the streetscape in that area. 

Eventually, the classification methodology, the application of combining a two-

dimensional coordinate system (also known as an x-y matrix) and cluster analyses, 

established in this thesis was able to be systematic for both accounting for all the kinds 

of urban form, and also avoiding the double-counting or omission of form types which 

could occur in some mentioned existing classifications. Moreover, the eventual 

classification in this research has been examined objectively and scientifically by K-Means 

to certify its correctness and significance. Hence, this classification system can adapt 

flexibly to diverse observation areas not only those focused on in this study, and also 

distinguish the predominant forms i.e. the huge number of ordinary buildings which 

represent the study areas out of all the urban forms. 

Figure 5.2-6 An example showing how the urban form classification system works in reality  
 
Background map from 2018 Google [https://www.google.com/maps/@51.5389206,-0.1101199,15.75z]. Accessed on 28 

April, 2018. 
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5.2.2.2.  How can data on form types be gathered?  

Preparation: The design of a recording sheet and observation item list 

• Recording sheet 

 

The recording sheets transferred the idea of the constitution of urban form (including 

components and hierarchy these two aspects) into a tangible and implementable 

recording method. The building recording sheet (Figure 5.2-7) embodied not only the 

constitutions of building types and interface types (the combination results of front open 

space and interface elements existing within property lines) but also the idea of housing 

development units made of all the features recorded in the sheet; that is, the data of 

every single complete row in the table presented one type of housing development unit, 

i.e. the design of an individual plot. Besides this, the features of interface layers in the 

street recording sheet (Figure 5.2-8) were used to describe and identify a street’s road 

form where the space belongs to the street but is located between streets and buildings. 

Figure 5.2-7 The recording sheet designed for collecting building types and interface types 

Figure 5.2-8 The recording sheet designed for collecting street types 
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The way of recording interface space was designed to include three layers. This is because 

some misunderstanding or confusion may occur when this research tries to rebuild the 

manifestation of observation objects from the recorded data if there is no division into 

layers on the recording sheets. For example, if one object’s interface space is recorded as 

arcade + shutter + awning, then its interface form could be type A or type B shown in 

Figure 5.2-9; however, if its Layer1 is recorded as arcade whilst its Layer2 is recorded as 

shutter + awning, then type A is its interface form (type B should be recorded as arcade 

+ shutter in Layer1 and awning in Layer2).  In addition to the position of interface 

elements, the layers also denoted the tension of their relationship with buildings or with 

streets conversely, where tension refers to how strong/close the interface layer connects 

with buildings or streets respectively. To illustrate this, the level (height) of different 

layers in Figure 5.2-10 presents the concept that if there are three layers existing in the 

interface space, then the connection between building frontage and Layer1 is arguably 

stronger than the connection between building frontage and Layer3 (that is why Layer3 

is illustrated at a lower height). Layer1 is directly connected with buildings, so the 

properties of Layer1 are more private than other layers. By contrast, the relationship 

between Layer3 and streets is much closer. Having said that, it is not necessary there are 

three layers existing concurrently in interface spaces as some objects may only have one 

layer. 

  

Figure 5.2-10 The illustration of the concept of 
three layers in an interface space 

Figure 5.2-9 The possible types of interface space 
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• Observation item lists and recording codes 

Table 5.2-3 shows the lists of building features, street features, and interface elements 

were mainly referred to in the literature review in Chapter 3 and 4, but the final 

observation items and their related codes were also modified (adding or deleting some 

items) according to what was seen in reality during fieldwork in the observation area.  
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Table 5.2-3 Observation lists 
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Samples from the fieldwork 

The samples provided here were the real process and cases investigated during fieldwork 

to give a clear view of urban form data collection. An observation site was selected from 

the residential zoning districts in Da-An18 (e.g. Qunying Village in Figure 5.2-11) and its 

survey map (digital and topographical in CAD type produced and measured by the 

government) was also prepared before setting off for the fieldwork.  

During the urban form fieldwork, the locations of every individual building, interface 

space and street observed were numbered and marked on the printed maps as Figure 

5.2-14 shows, and their features were also recorded respectively on the building 

investigation sheets (for example see Figure 5.2-12) and on the street investigation sheets 

(Figure 5.2-13). In the meantime, cameras were used to record forms and sometimes the 

scales of forms were measured by laser distance sensors if necessary (particularly when 

the real scales were clearly different from that on the topographical maps; otherwise the 

measurements marked on the maps were directly adopted by the research, especially the 

width of streets). 

According to all the details given in the recording sheets, this research was able to re-

present and re-illustrate every individual investigation object. For example, from the 

records in Figure 5.2-14, this research recognised that the samples No.243, No.244 and 

18  The original data was derived from Department of Urban Development, Taipei City Government 
[http://www.gis.taipei.gov.tw/ErrPage.html]. Accessed on 26 April, 2013; but Figure 5.2-11 was redrawn by 
this thesis via ArcGIS. 

Figure 5.2-11  
Left:  Qunying Village’s topographical survey map 
Right: Da-An district’s partial zoning map  
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No.245 were four-storey semi-detached flats, where No.243 had a 0.7-metre wide 

balcony above a large front garden (4 metres by 8 metres) enclosed by high walls with 

creepers climbing, a gated door and a shutter for cars coming and going; No.244 had a 

medium front space (3.3 metres by 2 metres) with high walls and a gated door as a 

communal entrance; and No.245 also had a 0.7-metre wide balcony above a large front 

garden (4 metres by 8 metres) containing a parking space and edged with high walls and 

a gated door (see Figure 5.2-14). Besides this, when it comes to street types, the street 

sample No.35 was an 8-metre wide service road with a single lane, which had official car 

and moped parking spaces and streetlamps on both roadsides as Figure 5.2-14 shows. 

Figure 5.2-14 
Left: The samples directly copied from the investigation maps 
Right: Re-illustrating the manifestation of building samples No.243, No.244 and No.245; and section of the 
street sample No.35  

Figure 5.2-13 The street samples directly copied from the investigation sheet recorded by this research 

Figure 5.2-12  The building samples directly copied from the investigation sheet recorded by this research 
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5.2.3.  Design of travel activity survey 

The processes for collecting data on travel activity could be divided into two steps: 

designing the questionnaire, and the methods of conducting the survey and selecting 

respondents. 

5.2.3.1. Questionnaire design 

The purpose of the questionnaire survey was to understand what kinds of travel activity 

characteristics the residents who live in different environments (including building types, 

street types and particularly interface types) have, so that the survey results could answer 

the research question of what the related travel activity characteristics of various urban 

form types are, and further know what kinds of form types are related to more 

sustainable travel behaviour and more local social activities. Following the research 

objective, the questionnaire contained questions related to travel behaviour, outdoor 

social activity, and other socio-economic factors which also have an impact on travel 

activity.   

Considering the questionnaire design, the whole structure was mainly based on the 

survey questions used in Hess (2008)’s article, which also studies the relationship 

between travel activity (mode choice and outdoor activity) and neighbourhood types as 

well as interface types (more specifically front and back gardens and alleys, which can 

refer back to Section 2.2.3). However, the detailed options of the questions used in this 

research were slightly different from Hess’s, and were also adjusted according to both 

the contexts in Taiwan and other similar studies. For example, the options of outdoor 

activities were basically directly employed from Hess, but the order of the activity options 

were categorised by Gehl (2011)’s definition of activity, whereby the activity options 

provided in this research were further divided into three types: necessary (transport), 

optional and social, and when the order of options of optional or social activity was put 

later, it means the sociability is likely to be higher of that optional activity than the ones 

put earlier (e.g. in Question 3 and Question 13).  
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There were five sections of the questionnaire, each related to different subjects, and the 

purposes or references of each question were explained in the following paragraphs. 

Part 1: Travel activity characteristics 

Mode choice was chosen to describe the performance of travel behaviour since it has 

been treated as one of the most critical variables of it in related studies and the index of 

the evaluation of sustainable transport development (e.g. Boarnet & Crane, 2001a; Cao 

et al, 2009a; Cervero & Duncan, 2006). Moreover, regarding the discussion of mode 

choice, the research did not separate moped and car journeys, placing them in the same 

option (private vehicle driver or passenger) instead; similarly, bike and walk journeys are 

in the same option too. This is because the biggest concern when discussing mode choice 

is the sustainability it involves rather than the different travel patterns of mopeds, cars, 

bikes and walking it induces. Therefore, this research only divided the mode choice into 

three options: private motorised vehicles (moped and car), non-motorised vehicles (bike 

and walking) and public transit, which are the same options adopted in Cao et al (2009a) 

and Krizek (2003a). When it comes to neighbourhood-scaled walking behaviour, this 

research focussed on its social function separate from the transport function of walking 

in the question of mode choice. 

Part 2 and Part 3: Characteristics of using front door space 

In addition to the collection of travel activity characteristics in Part 1, an understanding 

of use patterns of front door space was the other main concern in this questionnaire as a 

front door space is a critical provider of various interface types. Hess (2008)’s research, 

in addition to other studies relating to social activity, acknowledge the importance of 

front space and the relationship between front space use patterns and walking behaviour 

(the reasons for which were explained in Chapter 1). Consequently, this research was able 

to verify the discourse about the positive influence of front door space use on walking 

behaviour after obtaining the data on both.  

In terms of variables of the use of front door space, weekly use duration and frequency, 

the two important indices used to describe the characteristics of outdoor activity by Gehl 

(2011) were adopted in this questionnaire. Besides this, the weekday and weekend use 
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were separated into two questions as Gehl & Svarre (2013) suggest that the use results 

might be different during weekdays and at the weekend.  

Part 4 and Part 5: Socio-economic factors (walking preference, self-selection and 

household characteristics) 

The purpose of asking these questions was to help this research select suitable 

respondents with similar socio-economic characteristics for the next analysis stages to 

diminish their effects on travel activity performance. Question 14 to Question 17 were 

designed to filter the respondents’ walking preference and attitude; Question 18 

reflected respondents’ residence self-selection; and Question 19 to Question 24 focused 

on the respondents’ household characteristics.  

In each socio-economic factor section, only the most representative or popular questions 

and options employed by other research studies were chosen in this research as the 

questions were simply used as a filter for suitable respondents instead of discussing their 

influence on travel activity.  

Following this, both Question 14. I like walking and strolling and Question 15. Walking 

can sometimes be easier for me than driving are the most widely seen questions for 

discovering respondents’ walking attitude (e.g. Cao et al, 2007; 2009b; Handy et al, 2006; 

Handy et al, 2004; Mokhtarian et al, 2001; Redmond, 2000). Question 16. I am willing to 

walk for short distances in daily life was included to discover a respondent’s willingness 

to walk when the localised trip distance was shortened by mixed land use (employed in 

Hsia et al, 2009; Chang & Shen, 2005); whilst Question 17 I prefer a street with good 

surroundings (neighbourhood), even if a little detour is necessary was related to the 

impact of changes in the walking environment (also used in Hsia et al, 2009). Moreover, 

five-point Likert-type scales used in this research were also applied in most of the 

mentioned studies above (e.g. Redmond, 2000) to allow respondents to rate their 

responses to a set of given statements.   

In terms of residential self-selection, in Question 18. Reasons for choosing this current 

residence, the options provided were decided according to (Cao et al, 2006; Ge & Hokao, 

2006; Handy et al, 2004; Schwanen & Mokhtarian, 2004; Gu et al, 2009)’s studies. The 

common index used by these studies could be categorised into two types: economic and 
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environmental conditions. In addition to Budget (used by Schwanen & Mokhtarian, 2004; 

Gu et al, 2009), a family-owned property was added by this research as it was a highly 

possible reason in Taiwan due to the conventions that people prefer buying properties to 

pass down to children to renting houses and also that grown-up children (even married) 

live with their parents. With regard to environmental reasons, they can further be divided 

into regional scale factors (such as location, transport convenience and neighbourhood 

type) and architectural scale factors (e.g. interior design).   The complete contents of the 

travel activity questionnaire can be found below. But the actual questionnaire is in 

Chinese as this is an English translation version.
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5.2.3.2. How should the questionnaire be conducted? 

Firstly, the questionnaire was executed in autumn in Taiwan because weather condition 

is an important factor which impacts on people’s street life and transport choice. As Gehl 

& Svarre (2013) suggest, the investigation period would be better on days with good 

weather for the time of year since it provides the best conditions for outdoor public life 

(including walking). Therefore, the travel activity questionnaire were undertaken in 

October and November (2015): the most comfortable season for pedestrian walking and 

for residents doing outdoor activities in Taiwan. The average temperature of that period 

is between 22 and 25 degrees Celsius (Central Weather Bureau, 2014), and the average 

monthly rainfall is the lowest of the whole year with around 80 millimetres.  

Secondly, the ways in which the survey was conducted and respondents were recruited 

were as follows:  

• Posted and shared a link of the online version of the questionnaire (created by

Google Forms) through social network websites and emails.

• Surveyed the residents (probably leading to a brief Interview) within the

observation site on the streets in person.

• Placed hard copies of the questionnaire in community centres (or local leaders’

office), and then collected them once a week during the investigation period.

Thirdly, for the survey respondents, this research study selected or interviewed the 

residents who were over eighteen years old and physically mobile (eligible for holding 

motorised vehicle licences and able to choose their preferred transport modes), and 

currently live within the observation area. The valid sample number was 284, which was 

able to represent the population in the observation area when the confidence level was 

set at 90%. 
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Considering the calculation of sample size, this thesis adopts the formula introduced in 

SPSS Operation and Application (Wu, 2009: p.85) when the population is finite. 

n ≥
𝑁

(
∝
𝑘

)
2 𝑁 − 1

𝑃(1 − 𝑃)
+ 1

   : level of significance
K: critical value, e.g.  1.645 for a 90% confidence interval (    =0.1); 1.96 for a 95% confidence interval 
    (    =0.05)
n: sample size 
N: population  
P: prior judgment of the correct value, which is usually set at 0.5 since the standard error formula 

√𝑃(1 − 𝑃) 𝑛⁄   has its largest value when P = 0.5

The registered residential population in the observation area was 35,979, therefore the 

minimum sample size would be 68 when the confidence level was at 90% whilst the 

minimum sample size would be 381 when the confidence level was at 95% according to 

the formula. As a result, the final 284 samples this research collected were able to 

represent the population significantly at a 90% confidence interval although they were 

not representative enough at a 95% confidence interval. 

∝
∝

∝
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5.3.  Post fieldwork: analysis methods 

As outlined in the research design structure at the beginning of this chapter, the theory 

of the application of cluster methods (especially K-Means) in urban form classification is 

explained here, whilst the Chi-square test as well as discriminant analysis are briefly 

introduced in this section later. Additionally, the real operating processes of these 

methods will be revealed in later chapters.   

5.3.1. Cluster analyses of urban form: hierarchical clustering and K-Means 

Q: Should hierarchical or partitioning (non-hierarchical) cluster methods be used? 

As mentioned in Section 3.1.2 of this thesis, both hierarchical and partitioning cluster 

methods have been applied to classify urban form types; with K-Means particularly being 

one of most popular methods of urban form classification (e.g. Jacques & El-Geneidy, 

2014; Huang et al, 2007; Manaugh et al, 2010; Serra et al, 2017). However, throughout 

those studies, K-Means is only employed to analyse numerical form variables as the K-

Means algorithm is theoretically designed for numerical (interval-scaled) data.  

Related to this, if only considering ‘Data type’ in Table 5.3-1, it might seem more 

appropriate to use a hierarchical algorithm rather than a partitioning algorithm to cluster 

urban form as the original data obtained from fieldwork is categorical. However, when it 

comes to ‘Data size’ and ‘Features [of hierarchical and partitioning methods]’ of the same 

table, it appears that the partitioning method is more suitable in the case of this research. 

To illustrate this, firstly the number of objects observed in this research was more than a 

thousand, while the number of variables reached up to thirty (if considering interface 

type), which means that the data size was too large to deal with by using a hierarchical 

algorithm. Secondly, the research focused on the classification of variables themselves, 

which means how to find out the representative variables (described as ‘prototype’ by 

Serra et al, 2017) and the constitution of them (defined as ‘archetype’, also by Serra et al, 

2017) was much more important because these kinds of variables can help this research 

to illustrate most urban forms. Based on similar concerns, Serra et al (2017) employed K-

Means to fulfil their research goal to discover and define morphological types, namely 

each cluster’s archetype since K-Means algorithm is based in the search of K 

representative prototypes of K potential clusters in a dataset, while the object closer to 
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each identified prototype (the actual centroids of each cluster) may be seen as the 

archetype of that cluster. 

For those reasons, K-Means, the most efficient but simple method in partitioning (Brusco, 

2004; Jain, 2010; Salem et al, 2018), was therefore chosen by this research to categorise 

urban form into some representative form prototype and archetypes. Having said that, 

this research needed to solve the technical problem of using K-Means on categorical data 

by converting the original form data to a kind of numerical data to suit the K-Means 

algorithm.   

 

Table 5.3-1 The comparison between partitioning and hierarchical methods 

 

Q: Is it possible to cluster categorical data by K-Means? 

From literature, categorical data can be and have been analysed by partitioning methods 

by means of being converted into binary data (e.g. see Brusco, 2004; D’Enza & Palumbo, 

2013; VÍT, 2009; Finch, 2005; Guha et al, 2000; Kaufman & Rousseeuw, 2005; 

Ralambondrainy, 199519). This is because binary data is described by a presence/absence 

attribute vector and also represents a special condition where both measures of distance 

and co-occurrence can be adopted. That means, Euclidean distance-based partitioning 

 

19In Ralambondrainy (1995)’s research, he uses the term ‘symbolic’ instead of categorical, and the meaning 
of symbolic is similar to ‘conceptual’ clustering in Fisher (1985)’s research. 

Approaches Data type Data size Features References 

Partitioning 

(K-Means) 
Numerical Large size* 

Focus on the results of clustering 

(what kinds of properties belong 

to different groups). The number 

of groups is decided by user. * 

Huang (2009), Huang (1998), 

Kaufman & Rousseeuw (2005), 

Li (2005), Ordonez (2003), 

Ralambondrainy (1995), Salem 

et al (2018) 

Hierarchical Categorical* 
Less than 

250 objects 

Focus on the process of clustering, 

the detailed attributes of 

individual points, and the 

relations between every object. 

VÍT (2009), Kaufman & 

Rousseeuw (2005), Lin (2006) 

*means it fits the conditions of this research 
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methods can be profitably used as binary data can be treated just as numerical or interval-

scaled data (D’Enza & Palumbo, 2013). 

Moreover, K-Means theoretically can be used if the binary data is symmetric (Kaufman & 

Rousseeuw, 2005; Ordonez, 2003; Ralambondrainy, 1995). This is because when binary 

data is symmetric (i.e., value 0 and value 1 are both equally important and carry the same 

weight), the Euclidean distance (Equation 1) between objects i and j corresponds to the 

square root of the simple matching coefficient (Equation 2), which stands for the 

percentage of matches (a+d), or equivalently the percentage of mismatches (b+c) 

between objects i and j. Table 5.3-2 is a 2-by-2 association table, where a is the number 

of variables that equal 1 for both objects, and b is the number of variables f  for which 

𝑋𝑖𝑓 = 1, 𝑋𝑗𝑓 = 0, and so on. 

Euclidean distance: 𝑑 (𝑖, 𝑗) = √(𝑋𝑖1 − 𝑋𝑗1)2 + (𝑋𝑖2 − 𝑋𝑗2)2 + ⋯ + (𝑋𝑖𝑝 − 𝑋𝑗𝑝)2          (Equation 1)    

Simple matching coefficient: 𝑑 (𝑖, 𝑗) =
𝑏+𝑐

𝑎+𝑏+𝑐+𝑑
 or 𝑠 (𝑖, 𝑗) =

𝑎+𝑑

𝑎+𝑏+𝑐+𝑑
                              (Equation 2) 

                       Table 5.3-2 Contingency table between object i and object j 

                              object j 

object i 

 1 0 

1 a b 

0 c d 

 

Q: Why is the research data symmetric? 

First of all, the definition of symmetric data is when the first and second values have the 

same importance, e.g. the ratio of boys and girls among pupils of a primary school is 

symmetric (VÍT, 2009). However, when the occurrence of the first value is more important 

than the second one, e.g. a ratio of boys and girls among technical university students, 

then it is asymmetric (VÍT, 2009; or non-metric used by Guha et al, 2000). Kaufman & 

Rousseeuw (2005: p.24) also provide some examples of symmetric and asymmetric in 

attributes of people. For example, the variables used to describe people were 

male/female, blue eyes/brown eyes, round face/oval face, and so on. The two values of 

these variables are equally important and carry the same weight. For instance, the binary 
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variable “sex” possesses the possible states “male” as well as “female”, and there is no 

preference for which outcome should be coded as 0 and which as 1. Hence, these 

variables are treated as symmetric data. An example of asymmetric variable which 

Kaufman & Rousseeuw (2005) provide is blood type AB negative. While it can be said that 

two people with AB negative have something in common, it is not so clear if the same can 

be said of two people who do not have it. In medicine, one may want to study the 

incidence of diseases, the presence of which is indicated by 1 and their absence by 0. 

Moreover, in ecology, the shared absence of some unit is usually seen to be 

uninformative when the value 0 implies some unknown alternative to value 1, or this 

absence may have a number of possible explanations. In such cases, an asymmetric 

treatment that presence (value 1) is more important than absence (value 0) seems 

appropriate; for example, Faith (1983) points out that two sample plots that both have a 

particular species may be viewed as more similar than two that share an absence of the 

species because this species may have been replaced by different sets of species in each 

of the latter two plots.  

In terms of distinguishing the dissimilarity between individual objects, if different objects 

show the same conditions of being present and absent on some particular variables, it 

implies that these objects are likely to be similar types. On the other hand, ignoring the 

importance of value 0 (absence of variables) tends to impact the correctness of clustering 

and lead to a result, which is not robust. In fact, whether the data is symmetric or 

asymmetric is not fixed, it is decided by the research purpose or the interpretation of 

values, or sometimes it depends on which result is more correct; for example, VÍT (2009) 

examines several approaches for a cluster analysis application in market segmentation by 

treating data as different variable types: numerical, nominal, binary (symmetric and 

asymmetric), etc. to see which results were more accurate. Therefore, the research treats 

data as symmetric and asymmetric variables respectively to see the different clustering 

between intuitive and statistical analysis.  

To illustrate this, in the cases provided by this research, the interface type variable could 

be symmetric (Case 1) or asymmetric (Case 2), depending on the following conditions: (1) 

the interpretation of a variable's absence (when the value is 0), (2) how complete the 

catalogue of current interface types obtained by this research was, and (3) how many 

variables of interface type this research took into account. For example, if this research 
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assumes that variables are [arcade, wall, pavement], and there are four objects, the 

values of them shown in Table 5.3-3. 

Table 5.3-3  An example of four objects and their properties 

Objects 
Variables 

Possible Descriptions 
Arcade Wall Pavement 

A 0 0 0 Case1: Nothing in interface 

Case2: Neither Arcade, Wall nor Pavement; other type      

B 1 0 0 There are arcades in interface 

C 0 0 0 Case1: Nothing in interface 

Case2: Neither Arcade, Wall nor Pavement; other type      

D 1 1 1 There are Arcades, Walls and Pavement in interface 

Case1: If these three variables fully describe the interface space in these four objects 

(there are only three types among them), then the result is shown in Table 5.3-4.  

When the value of object A is [0, 0, 0], it means there is no interface type in the interface 

space of object A. From this point of view, the interface type of object B is arcade as the 

value of which is [1, 0, 0]; the interface type of object C is nothing as well, while the 

interface type of object D is a combination of arcade, wall and pavement. Following these 

descriptions, the research could intuitively conclude that it is likely to classify object A 

and object C into the same cluster, and they are similar to object B, but most different 

from object D. When the data is treated as symmetric variables, Table 5.3-4 shows that 

the similarity between object A and object C (written as s(A, C) below) is 1, meaning that 

object A and object C both are in the same cluster. Besides this, the order of other 

similarities is s(A,B)=s(B,C)=0.67, which is higher than s(B,D)=0.33, whilst s(A,D)=s(C,D)=0 

meaning object D is the most different type from object A and object C.  

Table 5.3-4 Similarity matrix of Simple matching coefficient 
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Case2: If these three variables are used to partially describe the interface space in these 

four objects, then there might be other unknown alternatives existing in the interface 

space.  

It is clear that only object B and object D are relatively similar as Jaccard coefficient20 in 

Table 5.3-5 shows that s(B, D)=0.33, yet the similarity value between other objects is 0. 

This result means that even object A and B are in different clusters. It can merely be 

concluded that A and C are not arcade, wall or pavement, but it does not suggest that 

they are the same interface type; on the contrary, A could be setback whilst C is a parking 

space.  

Nevertheless, this research used all of the interface types ever observed and recorded 

from literature reviews and current fieldwork as variables to analyse, so if every value of 

all the variables is 0 in two objects, it means that there is certainly nothing different in 

both of these two objects, and they are the same interface type. Therefore, the research 

data is symmetric since the weight of two binary numbers (value 0: the absence of a 

certain variable, and value 1: the presence of a certain variable) is the same. Moreover, 

because of that, the urban form data could be analysed and treated as interval-scaled 

data. 

 

An example of clustering urban forms 

Table 5.3-6 An example of the nominal recording system 

 
20Jaccard coefficient: s (i,j)=

𝑎

𝑎+𝑏+𝑐
is the most popular coefficient of asymmetric measures (Guha et al, 2000; 

Kaufman & Rousseeuw, 2005; Ordonez, 2003). 

Objects       Interface types Variable Code: 

1 1 

1. Arcade; 2. Awning; 3. Shutter; 4. Setback; 5. Wall 2 2+3 

… … 

Table 5.3-5 Similarity matrix of Jaccard coefficient 
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Table 5.3-7  An example of the binary recording system 

Objects 
Variables 

Arcade Awning Shutter Setback Wall 

1 1 0 0 0 0 

2 0 1 1 0 0 

… … … … … … 

This research converted categorical variables of urban forms to symmetric binary data by 

collapsing some states until only two remain, with the aim of adapting research data to 

suit the K-Means method. As a result, the variables of urban forms used in this research 

were all binary, which means they take only two values, 1 or 0. Moreover, the research 

set that 1 was taken to mean that a certain attribute is present, whereas 0 indicates its 

absence, and each value is equally important. For instance, the research assumes that 

there are only five interface types in total in the observation area: 1. Arcade, 2. Awning, 

3. Shutter, 4. Setback and 5. Wall. After converting nominal interface types to binary 

variables (Table 5.3-6), there are five variables, which are Arcade, Awning, Shutter, 

Setback, and Wall (see Table 5.3-7) respectively. As an example of this, in the nominal 

system, if the interface type is arcade, then it is recorded as “1”, or if the interface type 

is awning + shutter, then it is recorded as “2+3". Then, in the binary system, the value of 

object 1 (arcade) is [1 0 0 0 0], whilst that of object 2 (awning and shutter) is [0 1 1 0 0], 

and so on. 

 

Q: How to determine the number of clusters in K-Means? 

So far, this thesis has explained the possibility of applying K-Means to classify urban forms 

based on their categorical characteristics by converting the original data into binary data, 

but there has been a critical issue of determining the number of clusters in using K-Means, 

while no perfect mathematical criterion exists, only a number of heuristics (Dimitriadou 

et al, 2002; Jain, 2010). Having said that, different studies have developed or suggested 

several solutions to the problem as K-Means has been widely used over few decades.  

Principally speaking, Jain (2010) suggests that the best value of K (the number of clusters) 

is chosen based on a predefined criterion, and after clustering algorithms are run with 

different values of K until cluster membership is stabilised, e.g. choose the partition with 

the smallest sum of squared error (SSE). For example, Berghauser Pont et al (2017) and 
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Serra et al (2017) both run different values of K with SSE to make scree plots to determine 

the suitable number (K) of clusters. Besides this, Chen (2005) suggests choosing the 

partition with the most significant ANOVA results; for example, when the magnitude of 

the F-values is bigger, it indicates how better the respective dimension discriminates 

between clusters, i.e., the internal similarity is maximised while similarities between 

clusters are minimised.  

In addition, combing with hierarchical clustering result (e.g. dendrogram) is also the other 

common solution to determine a suitable number of clusters. For example, Huang et al 

(2007) use hierarchical clustering to obtain the rough number of clusters and then K-

Means is applied to produce the classification using the number of clusters extracted 

from the previous hierarchical result. Moreover, Serra et al (2017) combine K-Means with 

hierarchical clustering to not only determine the number of clusters but also to solve the 

problem that when the initial K centroids are randomly chosen, it may lead to different 

final results on different runs as the results of K-Means are sensitive to the initial 

definition of the K centroids. To avoid the problem, they firstly use hierarchical algorithm 

with Wards’ minimum variance to cluster the data into unique solutions, and then extract 

a first range of solutions and use their means on each variable as the defined initial K 

centroids. 

For tackling the difficulty of the number of clusters in K-Means, this thesis adopted the 

method employed by Huang et al (2007) that using dendrogram to find the potentially 

suitable number of clusters, and then compared the ANOVA tables generated from a 

range of K clusters to see which K with more significant and robust results as Chen (2005) 

suggests above. In addition, SPSS 22 was used to avoid the problem of the initial definition 

of the K centroids mentioned above as the initial centroids are automatically calculated 

and chosen by SPSS since its default algorithm for choosing initial centroids is not 

invariant to case ordering (if don’t put a tick in ‘Use running means’ box suggested by IBM 

Knowledge Centre, 2016). Moreover, following the principle of maximising the variability 

between clusters, the final centroids (i.e. final clusters) can be determined by SPSS after 

many iterations (updating the centroids) until the centroids stop moving and the fixed 

positions are found. The actual analysis processes of urban form types by using SPSS are 

elucidated in the next chapter. 
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5.3.2. Chi-square test for the relationship between urban form and travel activity 

The Chi-square test was performed to determine whether reported differences between 

study areas are statistically significant. For example, this method is used by Hess (2008) 

to analyse the relationship between different neighbourhood types and mode choices. In 

this thesis, the Chi-square homogeneity test is therefore used to prove that different 

urban form patterns have different mode shares even within the near neighbourhoods 

with similar type and density of mixed land use. Moreover, for both enhancing the 

influence of urban form on travel activity and also minimising the effect of socio-

economic and preference differences on travel behaviour, this study adopted a method 

commonly employed to hold the factors (except urban form) constant, and thus the 

variation in travel activity patterns can be assumed to be the result of urban form 

characteristics. Consequently, this research selected the observations based on similar 

socio-economic profiles, similar walking attitude, and similar self-selection traits. 

• Similar socio-economic profiles:  

o Middle class: Annual Disposable Income per Household (after tax) 

between NTD$360k to NTD$1,350k (the respondents who chose option 2 

and option 3 in the questionnaire) 

o Private vehicle ownership: the respondent’s household has at least one 

private vehicle or one driving licence either a car or moped (for ensuring 

that using private vehicle is an option for the respondent, who can drive 

by him or herself, or be a passenger carried by other family members)  

• Similar walking preference or attitude: the average score of Question 14 to 

Question 17 is over 3 (for the questions refer to Section 5.2.3.1); it means that the 

pedestrian has the potential to walk, not someone who really dislikes walking by 

nature no matter how good the environment is. 

• Similar self-selection traits: in Question 18, people who at chose at least one of 

these options: Grown up here (Parents' property), Budget, Neighbourhood 

environment (safety, atmosphere...), Building design (including interior design) as 

their answers to show that their self-selection is not that clear or strong. In other 

words, people who chose both Location (close to city centre, work place/school, 

shopping centre...) and Transport convenience were removed from the Chi-square 

test because they were likely to have stronger self-selection which might influence 

the effect of urban form factors on mode choice.  
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5.3.3. Discriminant analysis for travel activity 

Discriminant analysis was used to discuss the relationship between the characters of 

using front space (as predictor variables) and travel activity (as dependent variables), so 

that this research could verify the claim that the use of front space influences residents’ 

walking behaviour put forward by Alexander et al (1977: p.562) and Brown et al (1998). 

The reason why this research employed discriminant analysis instead of classical 

regression was due to the fact that the dependent variables: transport mode choice and 

walking behaviour were categorical, so it was not suitable for classical regression or 

multiple regression analysis (UCLA: Statistical Consulting Group, 2016; Wu, 2009). By 

using discriminant analysis, this research can not only know if there is a significant 

relationship between the patterns of using front space and travel activity, but also assess 

how well these variables separate transport mode choice or walking behaviour in the 

classification. Following this, this thesis is able to further predict a classification for 

unknown walking behaviour just based on the variables of front space in the future. 

5.4. Summary 

For improving some existing classification systems of urban form, which are not that 

systematic or organised (e.g. see Table 3.2-1 and Table 3.4-1), this thesis developed a 

multi-level system to define the components of urban form and even the composition of 

each form component (Figure 5.2-5). For example, building type is the combination of 

building function and form, whilst street type is the combination of street function and 

form, and so on. These classification rules were set before the fieldwork; that is, during 

the fieldwork, this thesis only recorded the features decided on in the observation sheets. 

Afterwards, the final representative urban form types are recognised and determined by 

combining the x-y axis matrix and K-Means. Given that the variables of travel activity are 

decided on and are collected by the questionnaire designed in Section 5.2.3, Chapter 6 to 

Chapter 8 are the empirical chapters to reveal the analysis processes of the final urban 

form types, and also to present the morphological features of the identified urban form 

types. Besides this, the relationships between those recognised urban form types and 

travel activity are examined by Chi-square tests and discriminant analyses to see if some 

specific urban form types are related to different travel activity patterns in Chapter 9 and 

Chapter 10. 
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Chapter 6: Clusters of urban forms, i.e. interface types, building types, and 

street types 

As literature reviews and Chapter 5 both mentioned, for some typo-morphological 

related studies, the way they categorise or identify types of urban form elements 

(especially building types) is arguably subjective and intuitive as they usually directly 

enumerate the types they have observed (e.g. Steadman et al, 1991; Chu, 2011; 

Whitehand et al, 2011; Parolek et al, 2008) or the types they planned to have as guidelines 

(e.g. Duany & Plater-Zyberk, 1981; 1989 cited in Katz, 1994). By contrast, the two-

dimensional coordinate system established in this thesis is able to systematically account 

for all the kinds of urban form, and the cluster analyses can be more objective and 

scientific to produce classification and to certify the correctness and significance of the 

eventual classification by K-Means. To some extent, the classification systems the 

aforementioned studies use are difficult to be adopted or applied by other researchers 

or other urban plans if they have very different urban contexts or fabric; conversely, the 

classification system used in this thesis could be adapted more flexibly to diverse 

observation areas as they can follow the same principles but put different variables of 

urban form elements recorded in their fieldwork.  

Having said that, there are some studies that do indeed employ cluster analyses to classify 

urban forms, e.g. Berghauser Pont & Marcus (2015); Berghauser Pont et al (2017); Huang 

et al (2007); Louf & Barthelemy (2014) and Serra et al (2017). However, the variables they 

use are quantified spatial features (e.g. building density, block size, street network, etc.) 

and socio-economic developmental indicators (e.g. population density) to recognise city 

types or built forms instead of using qualitative typo-morphological features. Therefore, 

since there is no perfect classification existing, the cluster methods developed in this 

thesis aimed to both provide an alternative way to both address built form as far as 

categorical features are concerned, and find a balance between different possibility of 

clusters to show their uniqueness and universality concurrently.  

Therefore, classifying, including revealing the process of how urban form types were 

gradually identified, constitutes one of the prime focuses of this research (the other 

prime focus is presenting and describing the final form types found within the study area 

in Chapter 7 and Chapter 8). 
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 Cluster principles 

The input variables (form properties) from the x-y matrix of interface types, building types 

and street types were previously introduced in Chapter 5 (e.g. the input variable of the x-

axis in building type was form, namely detached, semi-detached, etc., and that of the y-

axis in building type was function, namely flat, single family, etc.). In this chapter, the 

research elaborated on exactly how hierarchical cluster and K-Means (the software used 

in this thesis was IBM SPSS 22) were used to classify interface, building and street types, 

and also to certify the correctness and significance of the final classification since the 

existing and theoretical combinations from the x-y matrix are complex and varied, in 

particular interface types (for the theoretical discourse on the K-Means method please 

refer to Section 5.3.1). The method of combining hierarchical analysis and K-Means was 

also employed by Huang et al (2007) to maximise the power of their results of classifying 

urban forms.  

The principle and process of clustering interface types, building types and street types 

was the same; the only difference was the input variables which is distinct from the three 

urban form elements. The steps of obtaining the final classification of form types in each 

case are outlined below. 

 Step 1: Hierarchical cluster, deciding on the number of clusters by using a dendrogram. 

A dendrogram visually displays a particular cluster configuration (e.g. see Figure 6.2-3). 

The number of clusters will be formed at a particular Cluster Cut-off21 value, i.e. distance 

value 5, 10, 15…etc. shown on the x-axis in the dendrogram plot, by drawing a vertical 

line at that value and counting the number of lines that the vertical line intersects with 

(Hintze, 2007). The criteria of deciding on the number of clusters in this research followed 

the methods suggested by Chen (2005) which could help this research study determine 

the appropriate cluster cut-off point:  

• Method A: the far distance value could be the cut-off point in order to have 

fewer groups. 

 

21 The cut-off point is where clusters are formed and stored if a cluster ID variable is specified. Subgroups 
that join at a distance below this value are put in the same cluster. By contrast, subgroups that join at a 
distance greater than this value are placed in different clusters (Hintze, 2007) 
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• Method B: decide on an approximate number of clusters first, and then find 

the appropriate cut-off point which can meet the determined number. 

• Method C: referring to the agglomerative schedule, the suitable cut-off point 

is made when a distance between two numbers of clusters starts to become 

bigger; that means the clustering becomes stable.  

Following these rules, the approximate cluster number of each form element decided was 

firstly based on how many types of each form element were observed in fieldwork. What 

is more, as suggested by Huang et al (2007) and Chen (2005), refer to Section 5.3.1, the 

data from the three form elements were examined by using a few different cut-off values 

(so the research had several numbers of clusters of each form element), and the results 

yielded from different cut-off values were then compared with their ANOVA tables to 

ensure that the more robust number of clusters was arrived at.  

The prime purpose of using a dendrogram in this thesis is to provide a criterion on which 

to decide on the number of clusters, instead of presenting the categories and members 

of the clusters. All the dendrogram graphics used in this thesis were yielded directly from 

SPSS by choosing Average Linkage22 distance, which is recognised to be the most accurate 

(e.g. Chen, 2005; Lin, 2006) or the most widely used (e.g. Hintze, 2007) of all the 

hierarchical cluster techniques. To employ the K-Means cluster method, all the urban 

form data was transferred to binary data (for the explanation, please refer to Section 

5.3.1); as a result, Binary Squared Euclidean Distance was used as a measurement unit in 

the SPSS analyses setting.  

Step 2: K-Means, determining the constitution (combination of input variables from the 

x-y matrix) and members of each cluster as the number of clusters was decided in Step 1. 

To illustrate this, the final cluster centres tables (e.g. see Table 6.2-2) show the 

constitution of each cluster (for information on how to read the table, please refer to 

Section 5.3.1), and K-Means also automatically classifies every case into the cluster it 

belongs to (for example, see Appendix 6-1). In other words, from the K-Means results, 

the research can not only obtain the final types of buildings, streets and interfaces, but 

also classify the kind of form types (buildings, streets and interfaces) of every observation 

object in the study area. Furthermore, the members of each form cluster were both used 

 
22 The average linkage distance between two clusters is the average distance between each cluster of their 
members. Also called the un-weighted pair-group method (Hintze, 2007). 
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to select appropriate interviewees who lived in that form cluster and combined with 

travel activity data for the later activity-related analyses.   

Step 3: Basic descriptive statistics, helping decide on the final types of each form element 

(if necessary). 

The final results of form types were eventually decided both from the results of K-Means 

and the basic descriptive data (the percentage of each type both out of all the object 

numbers and areas). Having said that, the results from K-Means were given more weight 

than the results than the percentage, as some unique but less prevalent form types might 

be related to some particular travel activity patterns. That is, if the classification is based 

on the numbers or areas of each form type, then it might overlook the particularity of 

such specific form types, and their related travel activity characteristics.  

 

The next few sections describe the detailed processes and results of clustering interface 

types (Section 6.2), building types (Section 6.3), and street types (Section 6.4) following 

these three steps. 

 

 

 Interface cluster process 

According to the definitions given in Sections 1.1.1, interface type is one element of urban 

form. And, interface type was also the last step in reconstituting that area’s 

morphological pattern in the two-dimensional (x-y axis) coordinate system (see Section 

5.2.2.1).  Based on the fieldwork results, the interface space is concluded as being the 

most complex and varied of all urban form elements, including building, open space, and 

street types, within the study area in Taipei as each type of interface recognised is made 

up of a combination of front space type and interface unit, which itself is made up of a 

combination of interface elements (see Figure 6.2-1). More specifically, this thesis 

identified 31 interface elements, four types of front space, and 22 interface units. If the 

concurrence of two or more interface elements in one interface unit was found 

frequently enough, it was designated as a specific interface unit (see Figure 6.2-2). As a 

result, both the possible (231, more than two billions) and indeed actual number of 

different kinds of interface unit was considerable, with this research recognising more 

than a hundred. The number of interface types (i.e. the combination of one specific kind 
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of interface unit with one of the four recognised front space types) was of course even 

greater as Dovey & Wood (2015) state that interface types intersect with each other in 

complex ways. K-Means was therefore used to help this thesis designate both the kind of 

interface unit and the final interface type.     

Therefore, the main purpose in this section is firstly to verify the specific interface units 

and then obtain the final interface types, which are able to comprise and represent most 

of the current interfaces appearing in the study area. What follows is the detailed 

processes of clustering interface units (Section 6.2.1) and final interface types (Section 

6.2.2). 

6.2.1 Generating clusters of interface units: the combinations of interface elements 

Step 1: Hierarchical cluster 

Figure 6.2-3 is the dendrogram plot produced by SPSS showing the agglomerative 

schedule of clustering: how these observation objects gradually cluster into different 

groups by cutting the average linkage within groups at different distance values. For 

example, when the cut-off point (the average linkage distance) is at 0, then every object 

is individual, but when the cut-off distance becomes greater, the objects start to join 

other objects to form a subgroup below that distance value. For example, in Figure 6.2-3, 

A B 

Figure 6.2-2 Several interface elements existing in the same interface space and becoming a
specific interface unit (Left: interface unit A: balcony, sliding doors and shutter; right: interface 

unit B: balcony, canopy, walls and shutter) 

Figure 6.2-1 The conceptual classification of final interface types and interface units 
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when the cut-off point is at 10, then Case Number23 129, 1266, 1210,…,180 are put into 

Cluster 1, whilst Case Number 613 is classified into Cluster 2, and so on. As a result, there 

are 22 clusters when the distance is set at 10. 

Nevertheless, this research is hardly able to recognise the members of each cluster and 

define and categorise their characteristics as the numbers of observation objects and of 

input variables were too large with 1,418 and around 30 respectively. Using a 

dendrogram plot to directly identify the constitution of clusters only is applied when the 

number of objects or variables is on a small scale, for example in Louf & Barthelemy 

(2014), they use a dendrogram plot to cluster 133 cities into four groups; but in Huang et 

al (2007), a hierarchical cluster is only used to determine the number of clusters, and K-

Means is actually the method that they use to discover the constitution and members of 

each cluster, which are the same cluster methods as this thesis has applied. Hence, for 

the following sections, the dendrogram plots are put into Appendices as they are only 

used as a criterion for the number of clusters.  

From the information given in the dendrogram plot (Figure 6.2-3), the cut-off point was 

decided at distance value 10, and then 22 was the number of clusters determined by 

drawing a vertical line (see the red line). Besides this, the number of clusters: 9 was the 

result when the cut-off point was at distance value 15, while more than 50 clusters were 

yielded when the cut-off point was at distance value 5. However, it is ineffective to classify 

interface units into more than 50 types according to Method A mentioned above. There 

were some reasons why 22 clusters, as opposed to 9, was eventually adopted in this 

research. Firstly, there were more than 30 interface elements observed in the study area, 

therefore a number around 20 was initially decided upon (Method B suggested by Chen, 

2005) since 9 clusters might not represent the interface form in the study areas well. 

Secondly, according to Method C, when the cut-off point is set for 22 clusters, the 

agglomerative schedule of clustering starts to become stable. Furthermore, group 

numbers 9 and 22 both were put into K-Means to examine their suitability. From their 

ANOVA tables (see Table 6.2-1), the overall effectiveness of 22 clusters far outweighed 

the use of 9 as the overall F-value was relatively bigger in 22 groups than in 9 groups, and 

23 The new code for every original observation object re-numbered by SPSS. 
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all the p-value generated from 22 clusters was less than α=0.05, yet the p-value from six 

variables in 9 clusters showed insignificant. 

After having the decided number of clusters of interface unit to be 22, K-Means was used 

to attain the constitution of these in the next section.  

Step 2: K-Means cluster analysis 

From the K-Means analysis results, there were five variables: private walkway, fence, 

outdoor café, hedge, and pot-huis showing no significant effect in the clusters at a 95 

percent confidence level as the observed significance level (p-value in Appendix 6-2) of 

them was all higher than α=0.05. As a result, these five variables were removed from the 

input data of the next run, and Table 6.2-1 was the result generated from the remaining 

26 interface types.  

Table 6.2-1 clearly shows that none of the p-value of all variables was higher than α=0.05. 

Therefore, these 26 variables were significant at a 95 percent confidence level, and they 

were used to cluster interface types at the next stage.  

Following this, Table 6.2-2 and Table 6.2-3, both produced from 26 interface elements 

(variables) and 1,418 valid objects by SPSS, reveal the constitution, number and 

percentage of each cluster of interface unit. These specific interface units were then 

further combined with front space type to obtain the final interface types, the most 

important research finding in the next section. 
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Figure 6.2-3 Dendrogram plot (input: interface elements) showing the agglomerative schedule of clustering 
and the cut-off line 

(continued on right) 

(continued from left) 
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Table 6.2-1 The comparison between ANOVA tables of 22 clusters and of 9 clusters 

 

 

 

 

 

 

 

Input: Interface 

elements (26) 

22 clusters 9 clusters 

Error 
F p-value 

Error 
F p-value 

Mean Square df Mean Square df 

Parking space .003 1395 2.816 .000 .003 1408 1.512 .148 

Garage .013 1395 4.943 .000 .015 1408 1.323 .227 

Setback .040 1395 66.704 .000 .003 1408 3874.129 .000 

Arcade .008 1395 425.881 .000 .008 1408 1036.860 .000 

Awning .030 1395 447.462 .000 .064 1408 216.256 .000 

Canopy .006 1395 1181.661 .000 .077 1408 74.817 .000 

Overhang .003 1395 2134.995 .000 .078 1408 50.208 .000 

Balcony .068 1395 94.515 .000 .073 1408 52.453 .000 

Portico .011 1395 9.272 .000 .011 1408 2.913 .003 

Wall .055 1395 48.687 .000 .057 1408 114.687 .000 

Underbuilding .005 1395 2.358 .001 .005 1408 4.088 .000 

Ramp .048 1395 89.681 .000 .049 1408 102.742 .000 

Alcove .050 1395 48.613 .000 .039 1408 87.585 .000 

Shutter .015 1395 322.459 .000 .001 1408 5092.645 .000 

Sliding door .038 1395 24.927 .000 .022 1408 4.506 .000 

Signboard .007 1395 345.743 .000 .016 1408 298.960 .000 

Shop window .036 1395 141.533 .000 .030 1408 122.365 .000 

Automatic door .015 1395 152.094 .000 .025 1408 156.069 .000 

Stairs .013 1395 16.132 .000 .015 1408 7.132 .000 

Deck .014 1395 32.983 .000 .020 1408 1.878 .060 

Gate .005 1395 17.192 .000 .006 1408 1.500 .152 

Gallery .001 1395 2.005 .005 .001 1408 4.165 .000 

Porch .005 1395 1.941 .007 .005 1408 1.257 .262 

Platform .014 1395 2.339 .001 .014 1408 2.023 .041 

Bridge .001 1395 5.988 .000 .001 1408 .265 .977 

Ground link .002 1395 4.174 .000 .002 1408 2.080 .035 
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Table 6.2-2 Final 22 clusters 

 

 

 

 

 

 

 

Interface elements 
Clusters (interface unit) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

Parking space 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Garage 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Setback 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Arcade 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Awning 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 1 1 0 0 

Canopy 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 

Overhang 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

Balcony 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 

Portico 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

Wall 0 0 0 0 0 1 1 0 0 0 1 0 0 0 1 1 0 1 0 0 0 0 

Underbuilding 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ramp 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 0 0 0 

Alcove 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Shutter 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 

Sliding door 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 

Signboard 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

Shop window 0 0 1 0 1 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 

Automatic door 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Stairs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

Deck 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

Gate 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

Gallery 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Porch 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Platform 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Bridge 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ground link 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Table 6.2-3 The number and constitution of each cluster (interface unit) 

Cluster name Interface unit type Constitution  Number  Percentage 

 

1 Unit 1 Overhang 113 8.0% 

2 Unit 2 Arcade + automatic door 94 6.6% 

3 Unit 3 Balcony + shop window 25 1.8% 

4 Unit 4 Shutter 18 1.3% 

5 Unit 5 Alcove + shop window 97 6.8% 

6 Unit 6 Wall 118 8.3% 

7 Unit 7 Canopy + wall 135 9.5% 

8 Unit 8 Setback 28 2.0% 

9 Unit 9 Shop window + deck 7 0.5% 

10 Unit 10 Awning 113 8.0% 

11 Unit 11 Overhang + wall 42 3.0% 

12 Unit 12 Signboard + shop window  69 4.9% 

13 Unit 13 Ramp + shutter 12 0.8% 

14 Unit 14 Canopy + ramp + gate 6 0.4% 

15 Unit 15 Awning + wall 117 8.3% 

16 Unit 16 Balcony + wall 75 5.3% 

17 Unit 17 Canopy + sliding door + shutter +stairs  14 1.0% 

18 Unit 18 Awning + balcony + wall 168 11.9% 

19 Unit 19 Awning + ramp  56 4.0% 

20 Unit 20 Awning + shutter + sliding door 81 5.7% 

21 Unit 21 Portico  17 1.2% 

22  Unit 22 No interface 13 0.8% 

Valid 1,418 100% 
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6.2.2 Generating clusters of final interface types: combinations of interface units and 

front space types 

The final interface type is composed of an interface unit and front space type. From the 

literature review, front space type can be classified into front setback space, courtyard 

and court (for the definition, please refer to Chapter 3) according to its placement. 

Besides this, based on fieldwork records, front setback can be further divided into two 

types according to their scale: small front space (can only contain one moped or bicycles) 

and large front space (can contain more than two mopeds, or one car). As a result, these 

four front space types (small front space, large front space, courtyard and court) were 

used to constitute the final interface type in this thesis.  

Comparable to generating interface units, final interface clusters were yielded by 

repeating the same steps (hierarchical cluster analysis for determining the appropriate 

number of clusters, and K-Means for obtaining their constitution), but the input data was 

replaced with 22 interface units (shown in Table 6.2-3) and four front space types. 

Step 1: Hierarchical cluster 

There were 22 interface units verified in the last section. Therefore, the number of final 

interface clusters of around 20 was also determined with a view to both ensuring these 

clusters of interface types could represent most interfaces observed but also balancing 

the universality and particularity of them in the study area. As a result, the number 24 

was decided by cutting the distance value at 7.5 (see the wider red line in Appendix 6-3). 

In addition to that, 16 clusters were the result when the cut-off point was at distance 

value 10, while more than 30 clusters yielded when the distance was at value 5. However, 

as mentioned before, 16 clusters might not present the interface form well in the study 

area. By contrast, identifying more than 30 types of interface space makes the whole 

classification too complex without helping this research recognise predominant or 

representative interface types. Following this, K-Means was used to obtain the 

constitution of 24 clusters of final interface types in the next section. 

Step 2: K-Means cluster analysis 

Table 6.2-4 was the result generated by using four front space types and 22 interface 

units as input variables. It is evident that the observed significant level of all variables was 
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lower than α=0.05, which means that all variables were significant in the clusters at a 95 

percent confidence level. 

Table 6.2-4 ANOVA of 26 variables (four front space types and 22 clusters of interface units) 

Input variables 

Cluster Error 

F p-value Mean 

Square 
df 

Mean 

Square 
df 

Front space type (x axis) 

Small front  3.831 23 0.024 1393 156.891 0 

Large front  9.998 23 0.088 1393 113.778 0 

Courtyard 0.045 23 0.003 1393 15.88 0 

Court 0.017 23 0.008 1393 2.283 0.001 

Interface units (y axis) 

Unit 1 4.521 23 0 1393 . . 

Unit 2 3.778 23 0 1393 . . 

Unit 3 1.025 23 0.001 1393 1455.456 0 

Unit 4 0.773 23 0 1393 . . 

Unit 5 3.929 23 0 1393 . . 

Unit 6 2.997 23 0.028 1393 106.42 0 

Unit 7 5.014 23 0.005 1393 1023.218 0 

Unit 8 0.112 23 0.018 1393 6.287 0 

Unit 9 0.303 23 0 1393 . . 

Unit 10 4.521 23 0 1393 . . 

Unit 11 0.442 23 0.022 1393 20.101 0 

Unit 12 2.854 23 0 1393 . . 

Unit 13 0.149 23 0.006 1393 24.452 0 

Unit 14 0.015 23 0.005 1393 3.178 0 

Unit 15 4.667 23 0 1393 . . 

Unit 16 3.088 23 0 1393 . . 

Unit 17 0.038 23 0.009 1393 4.128 0 

Unit 18 6.278 23 0.003 1393 2364.62 0 

Unit 19 2.339 23 0 1393 . . 

Unit 20 2.941 23 0.006 1393 470.049 0 

Unit 21 0.730 23 0 1393 . . 

Unit 22 0.178 23 0.006 1393 31.72 0 

 

Following these steps, Table 6.2-5 and Table 6.2-6 were generated directly from 26 input 

variables (22 interface units plus 4 front space types) and 1,418 valid objects by SPSS. 

However, when this research looked into Cluster 5, its constitution was just “small front 

space”, which was unable to present the character of the interface space. Hence, there 

was a breakdown of Cluster 5 (small front space) into individual interface clusters in order 

to know which interface cluster is more representative of it. From Table 6.2-7, it is clear 
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to see that Cluster 5 was composed of fifteen different interface clusters. According to 

the figures in Table 6.2-7, Cluster 15: awning + wall was chosen to replace new Cluster 5 

due to its percentage (21.14%), which was highest out of all interface clusters. 

Consequently, the other components of small front space are simply classified into the 

Else cluster.  

Table 6.2-5 Final 24 clusters (input: four front space types and 22 interface units) 

                         

Input variables 

Clusters (interface type) 

1 2 3 4 5 6 7 8 9 
1

0 

1

1 

1

2 

1

3 

1

4 

1

5 

1

6 

1

7 

1

8 

1

9 

2

0 

2

1 

2

2 

2

3 

2

4 

Front 

space  

(x-axis) 

Small 

front 

0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 

Large 

front 

0 0 1 1 0 1 1 0 1 0 0 1 1 0 1 0 1 0 0 0 1 1 1 1 

Courtyard 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Court 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Interface 

unit  

(y-axis) 

Unit 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

Unit 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Unit 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Unit 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 

Unit 5 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 

Unit 6 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Unit 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 

Unit 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

Unit 9 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Unit 10 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 

Unit 11 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

Unit 12 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

Unit 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Unit 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Unit 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

Unit 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

Unit 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

Unit 18 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Unit 19 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Unit 20 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

Unit 21 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Unit 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Table 6.2-6 The number and constitution of each cluster (interface type) 

Cluster Constitution  Number Percentage 

1 Arcade + automatic door  94 6.6% 

2 Overhang  81 5.7% 

3 Balcony + awning + wall (large front space)  164 11.6% 

4 Portico (large front space)   17 1.2% 

5 Small front space   127 9.0% 

6 Large front space with Wall  97 6.8% 

7 Overhang + wall (large front space)  21 1.5% 

8 Awning + ramp   49 3.5% 

9 Deck + shop window (large front space)  7 0.5% 

10 Alcove + shop window  60 4.2% 

11 Awning + shutter + sliding door  71 5.0% 

12 Awning (large front space)  36 2.5% 

13 Overhang (large front space)  32 2.3% 

14 Signboard + shop window   66 4.7% 

15 Awning + wall (large front space)  91 6.4% 

16 Overhang + wall (small front space)  39 2.8% 

17 Canopy + wall (large front space)  128 9.0% 

18 Alcove + shop window (small front space)  37 2.6% 

19 Awning   60 4.2% 

20 Shutter  14 1.0% 

21 Canopy + sliding door + shutter +stairs (large front space)  14 1.0% 

22 Balcony + wall (large front space)  68 4.8% 

23 Large front setback  25 1.7% 

24 Balcony + shop window (large front space)  20 1.4% 

Valid  1,418 100% 
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Table 6.2-7 Composition of cluster 5: small front space 

Interface unit types Number  Percentage  

Unit 18: balcony + awning + wall 4 3.2% 

Unit 7: canopy + wall 7 5.5% 

Unit 16: balcony + wall 7 5.5% 

Unit 10: awning 17 13.4% 

Unit 15: awning + wall 26 20.5% 

Unit 19: awning + ramp 7 5.5% 

Unit 20: awning + shutter + sliding door 10 7.9% 

Unit 13: ramp + shutter 12 9.5% 

Unit 8: setback 15 11.8% 

Unit 14: canopy + ramp + door 7 5.5% 

Unit 4: shutter 4 3.2% 

Unit 12: signboard + shop window 3 2.4% 

Unit 3: balcony + shop window 5 3.9% 

Unit 6: wall 3 2.4% 

Total 127 100% 

 

Finally, Table 6.2-8 is the new coding system of interface types, which was reordered and 

recoded from the clusters in Table 6.2-6 in order to be consistent with the code used in 

Table 4.2-1. The meaning of the new code is: B-shelter provider, C-ambiguous divider, D-

transition point, E-visual attraction, and F-territory protector. Eventually, the final 

interface types shown in Table 6.2-8, the details and illustrations of each cluster, are 

presented in Chapter 8. 
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Table 6.2-8 The number and constitution of final clusters with new codes 

New Code Original Code Number Percentage 

Shelter 

provider 

B1 1 Arcade + automatic door 94 6.6% 

B2L 3 Balcony + awning + wall (large front space)  164 11.6% 

B3L 17 Canopy + wall (large front space)  128 9.0% 

B4L 21 Canopy + sliding door + shutter +stairs (large front space) 14 1.0% 

B5L 22 Balcony + wall (large front space) 68 4.8% 

B6-1 2 Overhang 81 5.7% 

B6-1L 13 Overhang (large front space) 32 2.3% 

B6-2L 7 Overhang + wall (large front space) 21 1.5% 

B6-2S 16 Overhang + wall (small front space) 39 2.8% 

B7-1 19 Awning  61 4.3% 

B7-1L 12 Awning (large front space)  35 2.5% 

B7-2L 15 Awning + wall (large front space) 91 6.4% 

B7-2S 5 Awning + wall (small front space) 26 1.8% 

B8 8 Awning + ramp  49 3.5% 

B9 11 Awning + shutter + sliding door 71 5.0% 

Ambiguous 

divider 
C2L 23 Large front setback 25 1.8% 

Transition 

point 

D1 10 Alcove + shop window  60 4.2% 

D1S 18 Alcove + shop window (small front space) 37 2.6% 

D2L 4 Portico (large front space)  17 1.2% 

Visual 

attraction 

E1 20 Shutter 14 1.0% 

E2 14 Signboard + shop window  66 4.7% 

E3L 24 Balcony + shop window (large front space) 20 1.4% 

E4L 9 Deck + shop window (large front space) 7 0.5% 

Territory 

protector 
F1L 6 Large front space with wall 97 6.8% 

 Else 25 Else 101 7.1% 

Valid 1,418 100.0% 
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  Building types 

The rules of clustering building types were nearly the same as those of clustering interface 

types (see Section 6.1), but basic descriptive statistical data was also employed here to 

determine the final clusters of building types.  

Step 1: Hierarchical cluster 

There were 9 clusters formed when the cut-off point was drawn with a vertical line at 

value 5 (see Appendix 6-4), while 6 clusters was the result if the cut-off point was at 

distance value 10. To determine which number of clusters was more suitable for the 

classification, the statistical outcome of 6 and that of 9 were both examined by K-Means 

analysis tools. From their ANOVA data, the F-value of every input variable was relatively 

bigger in 9 clusters than in 6, while the p-value of every variable in 9 clusters was either 

the same as or less than that in 6 (for the details refer to Appendix 6-5). These figures 

revealed that the result of 9 clusters was slightly more robust than that of 6 from the 

statistical perspective. What is more, according to fieldwork results, there were 22 

existing building types recorded in the study areas. Hence 9 clusters were recognised as 

being more likely to represent the building forms in the study areas better than 6 clusters.    

Step 2: K-Means cluster analysis 

Building type is the outcome of combining its form and function according to the 

definition given in the two-dimensional coordination system (x-y axis matrix) designed by 

this thesis (refer to Figure 5.2-5). Table 6.3-1 shows the 9 clusters produced from the 

input variables: building form (y-axis) and building function (x-axis) by K-Means. Table 

6.3-2 interprets the constitution of each cluster in Table 6.3-1, and also reveals the 

number and percentage of each cluster of building type. As a result, the nine preliminary 

cluster results of building types were: semi-detached and row flats (Cluster 4 and 9); 

detached, semi-detached, row, and collective condominiums (Cluster 8, 5, 1 and 3); 

detached single family (Cluster 2); detached temporary house (Cluster 7) and detached 

traditional house (Cluster 6). However, the final classification of building types was 

decided after considering its basic descriptive data in the next step. 
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Table 6.3-1 The preliminary classification: 9 clusters of building types 

Input variables 
Cluster 

1 2 3 4 5 6 7 8 9 

Building  

form  

(y-axis) 

Detached 0 1 0 0 0 1 1 1 0 

Semi-detached 0 0 0 1 1 0 0 0 0 

Row 1 0 0 0 0 0 0 0 1 

Collective 0 0 1 0 0 0 0 0 0 

Building 

function  

(x-axis) 

Flat 0 0 0 1 0 0 0 0 1 

Condominium 1 0 1 0 1 0 0 1 0 

Single family 0 1 0 0 0 0 0 0 0 

Military dependents’ village 0 0 0 0 0 0 0 0 0 

Commercial building 0 0 0 0 0 0 0 0 0 

Public building 0 0 0 0 0 0 0 0 0 

Temporary house 0 0 0 0 0 0 1 0 0 

Traditional house 0 0 0 0 0 1 0 0 0 

 

Table 6.3-2 The constitution, number and percentage of clusters in the preliminary classification of building 
types 

Cluster Constitution  Number Percentage 

1 Row condominiums 117 8% 

2 Detached single family 64 5% 

3 Collective condominiums 32 2% 

4 Semi-detached flats 720 51% 

5 Semi-detached condominiums 80 6% 

6 Detached traditional house 7 0% 

7 Detached temporary house 11 1% 

8 Detached condominium 77 5% 

9 Row flats 310 22% 

Valid 1,418 100% 

Step 3: Basic descriptive statistics 

Table 6.3-3 presents the percentages of numbers and areas of each building type 

(combined output of function and form) out of all observation objects and studied areas 

in the fieldwork. For example, detached flats accounted for 8.2% of the areas studied, 

and the percentage of them was 13.3% out of all observation objects. Figures in bold 
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represent the selected building types which either had a percentage over 2% or were 

within the top nine main clusters.  

Table 6.3-3 The percentage of numbers/areas out of all observation objects/areas of each building type 

Form  
Percentage of 

building type 

Function 

Flat Condominium 
Single 

family 
MDV 

Temporary 

 house 

Traditional 

house  

Detached  
Number (%) 13.3 5.4 2.8   - 0.8 0.5 

Area (%) 8.2 7.7 3 - 1 0.3 

Semi- 

detached 

Number (%) 38 5.3 0.3 - 0.1 - 

Area (%) 22.2 4.9 0.2 - 0.1 - 

Row  
Number (%) 21.9 5.5 2.3 0.1 0.4 0.2 

Area (%) 16.1 6.7 2.5 0.1 0.3 0.2 

Collective  
Number (%) 0.2 1.7 0.1 0.1 0.1 - 

Area (%) 0.8 11.8 0.5 2.2 0.9 - 

Note: 
(i) Commercial and public building functions were removed from this table as there were no data 
recorded on them 
(ii) MDV stands for Military Dependents’ Village 
(iii) - means there was no object observed and recorded in the study areas 

Following the cluster principles, the final building types were decided both from the 

results of K-Means and the basic descriptive data. However, the result from K-Means was 

given more weight than the results from percentage of numbers or areas to avoid 

overlooking the particularity of some unique but less popular building types, which might 

be related to a specific travel activity. 

According to the different results of recognising representative building types from object 

numbers, object areas and K-Means, Table 6.3-4 is the comparison of dominant building 

types among these three criteria, and shows the final building types decided on by this 

research.  

On the whole, the results of K-Means and basic descriptive data are very similar. Here are 

some critical differences of the classification: 

• Detached flat: not included in K-Means, but there was more than 10% of it in the 

total object number or area. Therefore, this type was added into the final clusters. 
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• Detached single family or row single family: the percentage of each one was 

around 2.5% both in object number and area. However, detached single family 

was recognised in K-Means, therefore it remained in the final clusters instead of 

being replaced by row single family. 

• Detached temporary house: although its percentages of object number and area 

were both less than 2%, the iron sheet house is peculiar to Taiwanese residential 

culture, and in addition to this, the type has not been recognised in the existing 

official catalogue. Hence, this type classified by K-Means remained in the final 

classification.   

Eventually, these ten final building types represented 82% of the building-scape in the 

studied areas and 95% of all observation objects, especially flats in different forms 

comprising around half of the studied area’s building form. The spatial details and the 

illustration of each building type are fully introduced in Chapter 7.  

Table 6.3-4  Comparison of classification between different criteria and final building types  

Building types  
Criteria 

Final types 
K-Means Number Area 

Detached flat 
 

x x X 

Row flats x x x X 

Semi-detached flats x x x X 

Detached condominium x x x X 

Semi-detached condominiums x x x X 

Row condominiums x x x X 

Collective condominiums x x x X 

Detached single family house x x x X 

Row single family houses 
 

x x  

Collective Military Dependents’ Village   x  

Detached traditional house x 
  

X 

Detached temporary house x 
  

X 

Note: the final types are marked in bold 
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 Street types 

The rules of clustering street types were the same as those of clustering building types, 

combing hierarchical and K-Means cluster methods to attain the approximate number of 

clusters and the constitution of each, and also using basic descriptive statistic data to 

determine the final street types. 

Step 1: Hierarchical cluster 

According to the information shown in Appendix 6-6, when the cut-off point was decided 

at the distance value 2.5, then 9 was the number of clusters obtained by drawing a vertical 

line at 2.5. Likewise, 6 (clusters) was the result when the cut-off point was at distance 

value 5. However, overall speaking, both F-value and p-value of input variables were 

slightly more significant in 9 clusters compared to 6 clusters (for the details refer to 

Appendix 6-7). This means that the outcome of 9 clusters was arguably more robust than 

the result of 6 from the statistical view. Therefore, 9 clusters of street types were 

determined at the beginning of the cluster analysis.  

Step 2: K-Means cluster analysis 

Street type is the output produced through plotting a street’s function against a street’s 

form (as input variables) following the definition of street type in the two-dimensional 

coordinate system (refer to Figure 5.2-5). Table 6.4-1 shows 9 clusters yielded from input 

variables of street type by K-Means. Table 6.4-2 interprets the constitution of each cluster 

in Table 6.4-1, and also reveals the number and percentage of each cluster of street type. 

As a result, the nine preliminary cluster results of street types were: major road with 

median and kerbed pavement (Cluster 1), major road with striped crosswalk and cycle 

lane (Cluster 2), secondary road without any interface type (Cluster 3), secondary road 

with parking space (Cluster 4), secondary road with parking space and kerbed pavement 

(Cluster 5), service road without any interface type (Cluster 6), service road with parking 

space (Cluster 7), service road with parking space and kerbed pavement (Cluster 8), 

pedestrian and fire lane with bollard (Cluster 9). However, basic descriptive data was also 

considered to decide the final classification of street types in the next step. 
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Table 6.4-1 The preliminary classification: 9 clusters of street types 

Input variables 
Cluster 

1 2 3 4 5 6 7 8 9 

Road 

function 

(y-axis) 

Major 1 1 0 0 0 0 0 0 0 

Secondary 0 0 1 1 1 0 0 0 0 

Service 0 0 0 0 0 1 1 1 0 

Pedestrian 0 0 0 0 0 0 0 0 1 

Cul-de-sac 0 0 0 0 0 0 0 0 0 

Fire lane 0 0 0 0 0 0 0 0 1 

Road 

form 

(x-axis) 

Parking space (PS) 0 0 0 1 1 0 1 1 0 

Painted pavement (PP) 0 0 0 0 0 0 0 0 0 

Kerbed pavement (KP) 0 0 0 0 1 0 0 1 0 

Striped crosswalk (SC) 0 0 0 0 0 0 0 0 0 

Striped crosswalk and cycle lane 0 1 0 0 0 0 0 0 0 

Median and kerbed pavement 1 0 0 0 0 0 0 0 0 

Bollard 0 0 0 0 0 0 0 0 1 

 

 
Table 6.4-2 The constitution, number and percentage of clusters in the preliminary classification of street 
types 

Cluster  Constitution  Number  Percentage  

1 Major road + median + kerbed pavement 9 3.7% 

2 Major road + striped crosswalk + cycle lane 6 2.5% 

3 Secondary road 52 21.4% 

4 Secondary road + parking space 4 1.6% 

5 Secondary road + parking space + kerbed pavement 7 2.9% 

6 Service road  98 40.3% 

7 Service road + parking space 53 21.8% 

8 Service road + parking space + kerbed pavement 12 4.9% 

9 Pedestrian + fire lane + bollard 2 0.8% 

 Valid 243 100% 
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Step 3: Basic descriptive statistics 

Table 6.4-3 presents the percentages of both the numbers and areas of each street type 

(the crossing of function and form) out of all observation objects in the fieldwork and 

areas calculated by ArcGIS. To illustrate this, the percentage of secondary road with a 

parking space was 8.2% out of all observation objects and the percentage of that in the 

observation areas was 6.3%. Figures in bold represent the selected street types whose 

percentage was over 2%. In terms of object numbers, there were twelve street types, 

where the percentage was over 2%, while the number of clusters of street types was ten 

when the percentage of their observation areas was over 2%. Therefore, between nine 

and twelve clusters of street types were re-examined by K-Means to assess the suitability 

of every classification. 

Table 6.4-3 The percentage of numbers/areas out of all observation objects/areas in each street type 

Function  

             

Percentage 

of street 

type 

Form 

Null PS 
PS + 

PP 

PS + 

KP 
PP KP SC 

SC +  

cycle 

lane 

Median 

+ KP 
Bollard 

Main   
Number (%) - - - - - - 0.8 2.1 3.7 - 

Area (%) - - - - - - 1.2 4.4 26.5 - 

Secondary  
Number (%) 5.3 8.2 0.4 1.6 1.6 1.2 8.2 - - - 

Area (%) 4.5 6.3 0.1 3.9 1.4 1.0 2.1 - - - 

Service  
Number (%) 32.9 14.0 1.2 6.2 2.1 2.9 4.1 - - - 

Area (%) 22.8 11.8 1.3 6.1 1.7 2.2 1.2 - - - 

Pedestrian  
Number (%) - - - - - - - - - 0.4 

Area (%) - - - - - - - - - 0.3 

Cul-de-sac 
Number (%) 2.5 - - - - - - - - - 

Area (%) 1.1 - - - - - - - - - 

Fire lane 
Number (%) - - - - - - - - - 0.4 

Area (%) - - - - - - - - - 0.2 

(i) Null: no identified interface element along the road edge  

(ii) PS, parking space; PP, painted pavement; KP, kerbed pavement; SC, striped crosswalk 

(iii) - : no object observed and recorded in the study areas 

The results of ANOVA tables from different numbers of clusters (9 to 12) were basically 

equally robust as their F-value and p-value of input variables were comparably significant. 

That means, arguably, there was no critical difference between different clusters of street 
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types from statistical point. However, the constitution of street types in twelve clusters 

was much more different than the other clusters, therefore only nine to eleven clusters 

of street types were remained comparing in Table 6.4-4.  

Table 6.4-4 The comparison of classification between different criteria and final street types 

Street types 

(Function    x   Form) 

Criteria 

Final K-Means 
Number Area 

9 10 11 

Main median x x x x x X 

 
striped cycle lane x x x x x X 

Secondary  null x x x x x X 

 
parking space and kerbed pavement x x 

  
x X 

 
parking space x x x x x X 

 
striped crosswalk 

 
 x x x X 

Service null x x 
 

x x X 

 
parking space x x x x x X 

 
parking space and kerbed pavement x x x x x X 

 
painted pavement 

 
 x x 

 
X 

 
kerbed pavement 

 
 x x x X 

 striped crosswalk    x   

Cul-de-sac null 
 

 
 

x 
 

X 

Pedestrian  bollard 
x 

x x 
   

Fire lane bollard x x 
   

* pedestrian with bollard and fire lane with bollard were combined and classified into the same 

cluster 

According to the cluster principles, the final street type is the outcome considering both 

the results of K-Means and the basic descriptive data, but the result of K-Means was given 

more weight than the basic statistical results to reserve the particularity of some unique 

but less common street types. On the whole, the results between K-Means and basic 

descriptive data were very similar. Here are some critical differences of the classification: 
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• Service road with striped crosswalk: although its percentages of object number 

was more than 4%, this type was not recognised by K-Means and its percentages 

of object areas was less than 2%; therefore, this street type was not included in 

the final classification.   

• Pedestrian path, fire lane and bollard: these two types were both recognised in 

K-Means, but there was only one sample of each type. Besides this, either the 

pedestrian path or the fire lane did not connect directly to dwellings, therefore, 

they were not added into the final clusters. To replace them, cul-de-sac was 

included in the final classification as there was 2.5% of it out of all object numbers.  

Below are the final twelve representative street types in the studied areas. 

(without any recognised interface element) 

ST1: secondary road without any interface types 

ST2: service road without any interface types 

ST3: cul-de-sac without any interface types 

(with official on-street parking space) 

ST4: secondary road with parking space 

ST5: service road with parking space 

(with official on-street parking space and kerbed pavement) 

ST6: secondary road with parking space and kerbed pavement 

ST7: service road with parking space and kerbed pavement 

ST8: service road with painted pavement 

ST9: service road with kerbed pavement 

ST10: secondary road with striped crosswalk 

ST11: major road with striped crosswalk and cycle lane 

ST12: major road with median and kerbed pavement 

Moreover, these twelve street types represented at least 90% of the streetscape in the 

observation area in terms of both object numbers and areas; especially ST2, ST4 and ST5 

were the most widely seen street types accounting for around half of studied area’s street 

patterns. 
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In brief, this chapter clustered recorded form data into the representative interface types, 

building types and street types. In the next chapter, typological or morphological 

characteristics of these identified building types and street types are presented in detail, 

whilst that of interface types is enumerated in Chapter 8. 
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Chapter 7: Morphological catalogue of final building types and final street 

types in the study area 

As the introduction chapter mentioned at the beginning, the primary focus and the main 

contribution expected in this research was to establish a method of determining urban 

form types, i.e. building types, street types and interface types, and to provide a 

systematic classification of form types different from Conzenian traditions' research (e.g. 

see Whitehand et al, 2011 and Kropf, 2014; 2018). The classification system designed by 

this research, is not only used to answer the research question about the representative 

urban form peculiar to the Taiwan context, but is also able to be applied to different 

urban contexts. This is especially true because the related studies about building types, 

interface types and their related travel activities are relatively scarce compared to other 

urban form factors within the current literature; for example,  mixed land use is widely 

discussed by a considerable amount of research (e.g. in Banister et al, 1997; Burton, 2000; 

Campoli, 2012; Howley, 2009; McCormack et al, 2001; Neuman, 2005), and the 

accessibility of street systems or neighbourhoods is also a popular subject (e.g. in 

Krizek ,2003a; b; Lin & Chang, 2008; Lin & Yang, 2009; Stead, 2001) 

Cluster methods used to recognise and determine the representative urban form types 

(i.e. building types, street types and interface types) have been introduced in the last 

chapter. Following this, the typological or morphological characteristics of building types 

and street types are presented in this chapter, and that of interface types is enumerated 

in the next. 

7.1. Building types 

Building type has been studied as a popular element in urban morphology (e.g. Brown et 

al, 2000; Kropf, 2014; 2018; Steadman, 1991; Steadman et al, 2000a; b). Therefore, there 

has been a considerable amount of research giving clear classification and definition of 

building types. Likewise, in Taiwan, building type is a critical factor in urban planning, and 

the government has set up an established system (Real Estate Database, and Land Use 

Investigation of Taiwan) for the classification of building types in Taiwanese urban, 

suburban and rural areas. However, within the studies related to urban form and travel 

activity, building form has been overlooked compared to other factors, such as land use 

(evidenced by Table 2.1-1). Owing to the importance of building type itself in urban 
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morphological studies and the lack of a deep understanding in the research related to 

travel activity, in addition to obtaining the morphological data and results of building 

types, its related travel activity characteristics are also discussed in this thesis in a later 

chapter (Section 9.2).  

According to the classification system designed in Chapter 5, building type is defined as 

the fundamental element of urban form and also the first step of deconstructing and 

reconstructing an urban area, which is also recognised in Conzen’s schema as referenced 

in Kropf (2014; 2018) and Whitehand et al (2011). In the x-y matrix classification system 

(see Figure 7.1-1), building type is the combination (output) produced through plotting 

the characteristics of building function (on the x-axis) and building form (on the y-axis). 

These two input characteristics are used to describe buildings separately by the two 

investigation institutions mentioned above (Real Estate Database and Land Use 

Investigation) in Taiwan’s current classification system (also see in Chen (2007)’s 

academic research). The combined outcome of building types this thesis classified is 

similar to some studies, but the existing types of buildings may vary under different 

culture or urban tissue; for example, detached single family house is recognised by Duany 

& Plater-Zyberk (1981) and Parolek et al (2008) in the USA, yet row single family is 

identified by Chu (2011) in Taiwan. 

More specifically, from both the literature review and fieldwork, this research identified 

eight types of building function, and four types of building form in the study area. The 

types of building function were: flat, condominium, single family, military dependents’ 

village, commercial building, public building, temporary house and traditional house, 

whilst the types of building form were detached, semi-detached, row and collective. 

In addition to presenting the current building types with their function and form, the 

other general building characteristics, such as building height, material and age are also 

briefly introduced to give a general picture of the building-scape in the study area in the 

following sections. 
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7.1.1.  General building characteristics  

7.1.1.1. Building function 

Flats and condominiums mainly constitute the most common building function (nearly 

80%) in the study area. To illustrate this, Flat was the most prevalent function with 73.41% 

and 47.27% out of the total observation objects and the total object areas respectively. 

Condominium was ranked as the second most popular function with 17.91% out of all 

observation objects and 31.22% out of the total object areas. The third most common 

function was Single family with around 6% out of both the total observation objects and 

areas.  

Concerning the distribution, flats were widely distributed within the observation area, 

except for special districts. Conversely, condominiums clustered within the special 

districts, or they were adjacent to roads wider than eight metres or to parks, complying 

with the regulations related to the location of buildings over seven storeys. Most single 

family houses (up to three storeys high) were adjacent to the roads under seven metres 

wide as only buildings under 9 metres high (approximately equal to three storeys) are 

allowed to be built connecting to narrow streets according to Building Technique 

Regulation 2014 reg.14. The observation area was within Taipei, the capital city of Taiwan, 

so most of old buildings in poor condition or in need of repair were rebuilt or restored 

according to Taipei City Urban Renewal Act 2000. Related to that, there was only one 

sample of a military dependents’ village that still existed in the study area, whilst 

traditional houses and temporary iron sheet houses are only scattered around lanes or 

alleys. There is only a brief discussion about commercial and public buildings as they are 

unable to provide suitable interviewees (current residents) for the later travel activity 

survey.             

7.1.1.2. Building form 

Related to building form, Semi-detached was ranked first with 43.68% out of all the 

observation objects, and Row was in second place with 30.35%, then Detached was 

standing at 23.78% whilst only 2.26% of all observation objects were Collective. However, 

the percentage of every building form occupying the total object areas was similarly 

around 25% due to the multiplication difference between object number and site areas. 
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To illustrate this, the average site area of semi-detached houses (125 square metres) was 

smaller than that of row houses (170 square metres) and of detached houses (213 square 

metres) although the object number of semi-detached houses was higher than the others. 

By contrast, the object number of collective houses was relatively fewer than the other 

building forms, but these kinds of buildings cover more site space and usually occupy the 

whole or the majority of blocks. Therefore, the average site area of collective houses is 

the biggest out of all forms at 3,166 square metres, which was twenty-five times than 

that of semi-detached houses. 

In terms of building placement itself (simple rectangular plans as an example), originally 

there are four exposed sides in a detached house as in Steadman et al (1991)’s 

explanation, yet most of those found in the observation area were directly connected 

with other buildings  or within a narrow gap as a fire resisting interval (except detached 

single family and detached traditional house, which are both enclosed within a large 

setback (so-called large garden by Bobić (2004) and surrounded by external walls); that 

is, there is usually one exposed side used as a front entrance in most detached houses. 

Therefore, sometimes it looks like a part of row houses from the street view. Likewise, 

there are three exposed sides in semi-detached houses in terms of its original placement, 

yet the ones recognised in this research were usually surrounded by other buildings or 

just separated by a narrow gap, the same as with detached houses. Therefore, the rule of 

identifying building form in this research was based on the original building placement 

rather than the exposed sides or the connection with other buildings that it currently has.  

7.1.1.3. Building types 

Regarding the number of building types, if simply considering the combinations of inputs: 

variables, building function and building form of building types, theoretically, there are 

32 building types: 8 types of building function times 4 types of form. However, in reality 

(according to the fieldwork results), there were twenty-two current building types 

existing in the observation area (see Figure 7.1-1). Although the clusters of building types 

reduced from 32 to 22 from fieldwork results, the number of 22 was still too big to 

establish a catalogue of current representative building types. Hence clustering analyses 

were used to help to decide on the most suitable number of clusters and the final building 

types, by a process already introduced in Chapter 6. 
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 Figure 7.1-1 The fieldwork results of 22 current existing building types 
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7.1.1.4. Building height 

Table 7.1-1 The prevalence of different building heights 

Groups  
Object 

number 
Percent (%) Object areas (m2) 

Percent 

(%) 

Low-rise (1-3 floors) 247 17.4 38,602 13.7 

Mid-rise (4-7 floors) 1,099 77.5 178,441 63.2 

Middle High-rise (8-10 floors) 21 1.5 15,012 5.3 

Middle Higher-rise (11-15 

floors) 
39 2.8 31,624 11.2 

High-rise (16-26 floors) 12 0.9 18,609 6.6 

Total 1,418 100 282,288 100 

The classification of building height was based on the definition from Chu (2011) (refer to 

Figure 3.2-1), and current Taiwanese architecture regulations (Building Technique 

Regulation, 2014), where by low-rise the thesis defined one to three storeys, and by mid-

rise four to seven storeys, and so on. Mid-rise buildings constituted 63% of the total 

object area and 77.5% of the total observation objects. The occurrence of this somewhat 

corresponded to the building function result that, flats, the buildings from four but under 

seven storeys high, was the most commonly seen building in the observation area. 

Besides this, a large majority of buildings (more than three quarters) were not higher than 

seven storeys, which is consistent with the current regulation that buildings in residential 

areas must be under this height unless they comply with other regulations which is 

related to the fact that the observation objects were nearly all in residential zoning (only 

a small proportion of objects were in special districts). Moreover, more than half of 

buildings were up to five storeys high, where the level between fifth and sixth storey 

happened to be the threshold where residents could have meaningful contact with 

ground level events in streets, a theory asserted by Gehl (2011: p.98); consequently, in 

other words, more than half of residents living in the study area could be involved in 

street events. The highest building in this research area was a twenty-six storey 

condominium. 

7.1.1.5. The spatial distribution of different building height, and its connection 

to streets 

Figure 7.1-2 shows the distribution of low buildings upto three storeys (in blue), and the 

location of all lanes under seven metres (in light green). Moreover, the low buildings, 
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which were adjacent to the roads wider than seven metres, were further distinguished in 

darker blue. From the map, most of the low buildings (80%) were located in lanes under 

seven metres wide. This is related to the current architecture regulations stipulating that 

buildings must be upto nine metres high (approximately equal to three storeys) when 

they are adjacent to roads less than seven metres wide. Based on a practical principle of 

maximisation of land profit, buildings tend to be built as tall buildings as they are allowed 

to be so that only a minority of low buildings were adjacent to streets wider than 7 metres, 

which is generally allowed for higher buildings.   

Mid-rise houses, from four to seven storeys, are widely distributed in the selected 

observation area (Figure 7.1-2). In about two thirds of mid-rise houses, at least one side 

of their plots connected with roads between eight and fifteen metres wide, whose layout 

complied with the current Building Technique Regulation that mid-rise buildings must be 

adjacent to roads which are wider than a number equivalent to their building height 

multiplied by 1.5 plus six. The building height restriction is similar to setback regulations 

in New York City Zoning Resolution, which are mandated to ensure that streets do not 

suffocate between parallel rows of high-rise buildings and that sunlight could reach the 

ground.  However, there were still about a third of mid-rise buildings facing narrow roads 

under seven metres wide, which was in violation of the regulation (see the navy blue 

blocks), and could give pedestrians a sense of oppression visually. 

Middle high-rise houses and others from eight storeys high ( Figure 7.1-2), were 

built following the regulations that they were within special districts (the blocks marked 

with an orange frame), or they were adjacent to parks (the blocks marked with a green 

frame), or to the roads wider than twelve metres. 

7.1.1.6. Materials and age 

Up to 97.6% of all buildings in the study area were made of reinforced concrete (RC); 

especially buildings constructed after 2012, which were all made from this material. The 

rest of the buildings were made of a mixture of bricks and iron sheets. Of these, about 

60% of them were in poor condition, which were not suitable for living in.  
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Figure 7.1-2 The distribution of buildings with different storeys range: low-rise (left), mid-rise (middle), and middle high to high-rise (right) 
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7.1.2. Final 10 building types 

These 10 building types represent 95.2% of all building objects, and 82.1% of the 

observation areas; especially the first three building types, BT1, BT2 and BT3, the flats of 

different appearance, which comprised a large proportion of the building pattern in the 

study area with 73.3% out of all object numbers and 46.5% out of all object areas 

respectively. In addition to the overall distribution of the final building types showing in 

Figure 7.1-3, the percentage of occurrence of each building type, typological features (e.g. 

measurements, configuration etc.), locations and building uses are elaborated on in this 

section.  

Figure 7.1-3 The distribution of final building types 
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7.1.2.1. BT 1: Detached Flat 

It was one of the common building types in the study area. The average site area of a 

detached flat was 122 square metres. Regarding building use, around half of them were 

used for pure residence while the other half as commercial and residential mixed use 

(over 95% of these mixed use buildings, their ground floors were shops but floors above 

the first floor remained residential). This type usually clustered around the corners of a 

block, and was normally adjacent to semi-detached flats or row flats (see Figure 7.1-3).    

  

Figure 7.1-4 BT1’s appearance and use shown from the street 
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7.1.2.2. BT 2: Semi-detached Flats 

This was the most prevalent building type in the observation area. Semi-detached flats 

are composed of two blocks of flats of the same scale and the same configuration 

connected symmetrically to a communal staircase room. The communal staircase room 

is the communal entrance for the residents living above the ground floor, but there is no 

reception area, porter or security guard in this type (see the comparison photographs in 

Figure 7.1-6). Ground floor residences or shops on the two sides have their own doorway 

and entrances. In terms of building use, slightly over 60% of BT2 were used for pure 

residences and 37% of them were used for commercial and residential mixed use (over 

96% of these mixed use buildings, had ground floors which were shops but floors above 

the first were residences). Only a few buildings were used for medical or religious 

purposes. BT2 was widely distributed in the whole research area.   

Figure 7.1-5 BT2’s appearance and use shown from the street 

Figure 7.1-6 The comparison of communal entrances of flats and condominiums 
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7.1.2.3. BT3: Row Flats 

This was ranked as one of the most prevalent building types in the observation area. Row 

flats are constituted of flats of the similar scale and building configuration connected to 

a (or several) communal staircase room(s) in a row. Comparable to BT2, the communal 

staircase room in BT3 is the communal entrance for residents living above the ground 

floor, but there is no reception area, porter or security guard in this type. The residences 

or shops on the ground floor have their own doorways and entrances. In terms of building 

use, around half of BT3 were used for pure residences and the other half were 

commercial and residential mixed use (over 94% of these mixed use buildings contained 

shops on the ground floor but floors from the first floor upwards were residences).  

  

Figure 7.1-7 BT3’s appearance and use shown from the street 
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7.1.2.4. BT4: Detached Condominium 

This was one of the common building types in the observation area. Regarding building 

use, only 37.7% of BT4 were used for pure residences and slightly over half were used for 

commercial and residential mixed use (over 92% of these mixed use buildings contained 

shops on the ground floor but floors above the first were residences), and the remaining 

10% of BT4 had ground floors that were used for medical services, such as general 

practice and dental practices. BT4 was usually located around the corners of a block (see 

Figure 7.1-3).  

  

Figure 7.1-8 BT4’s appearance and use shown from the street 
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7.1.2.5. BT5: Semi-detached Condominiums 

This was one of the relatively less common building types out of the final ten building 

types. Semi-detached condominiums are constituted of two condominiums of the same 

scale (seven storeys on average) and the same configuration connected symmetrically to 

a communal staircase room with lifts. The outer appearance of BT5 is similar to BT2 (semi-

detached flats); the main differences were the building height, and the use as well as the 

structure of the communal entrance. There are lifts in the communal staircase rooms as 

the main access for residents living above the ground floor, and there is a reception area 

on the ground floor, and porters or security guards are also provided by the 

condominiums. Ground floor residences or shops on the two sides have their own 

doorways and entrances too. In terms of building use, approximately 30% of BT5 was 

used for pure residence and 70% of that was used for commercial and residential mixed 

use (up to 98% of these mixed use buildings contained shops on the ground floor but 

floors above the first were residences).  

  

Figure 7.1-9 BT5’s appearance and use shown from the street 
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7.1.2.6. BT6: Row Condominiums 

This was one of the common building types in the observation area. Row condominiums 

are comprised of several condominiums of similar scale (seven storeys on average) and 

configuration connected to a (or several) communal staircase room(s) with lifts in a row. 

The outer appearance of BT6 is similar to BT3 (row flats), the main differences were the 

building height, and the use as well as the structure of the communal entrance. 

Comparable to other condominium types, there are lifts in the communal staircases, and 

there are receptions on the ground floor, and porters or security guards are also assigned 

to the condominiums. Residences or shops on the ground floors have their own doorways 

and entrances. Concerning building use, up to 82% of BT6 were used for commercial and 

residential mixed use (80% of these mixed use buildings had shops on the ground floor 

but floors above the first were residences while in the other 20% of them, commercial 

use remained continuous up to the first floor). As a result, most of the ground floors in 

BT6 were shops or receptions instead of residences.  

 

  

  

Figure 7.1-10 BT6’s appearance and use shown from the street 
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7.1.2.7. BT7: Collective Condominiums 

 

Although only 1.7% of all building objects were classified into BT7, the percentage of 

object areas occupied by BT7 was ranked third with 11.8%. This rank difference was 

caused by the fact that the average site area of BT7 was considerably larger than that of 

the other types, measuring 3,137 square metres, which was twenty-five times bigger than 

a typical detached flat size. Collective condominiums are comprised of several 

condominiums (twelve storeys on average), which are horizontally connected by 

circulation bridges or communal court gardens between individual buildings on the 

building site. Comparable to other condominium types, there are lifts in the communal 

staircase rooms, and there are receptions on the ground floors, and porters or security 

guards are also provided by the condominiums. Similar to BT6, up to 80% of BT7 were 

used for commercial and residential mixed use (70% of these mixed use buildings 

contained shops on the ground floor but floors above the first were residences while in 

the other 30%, commercial use continued to the first floor). That is, the ground floors in 

BT7 were used as either shops or receptions. However, the distinctive difference 

compared to BT6 is that BT6 was built in a row along streets, but the layout or building 

placement of BT7 is more flexible and diverse, and there is more open space, such as 

court gardens. The type found in the study area was more like a small-scale community 

compared to other building types due to both the size of the plot and the number of 

households.    

 

  

Figure 7.1-11 BT7’s appearance and use shown from the street 
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7.1.2.8. BT8: Detached Single Family House 

It was one of the less common building types in the study area. The normal height of a 

detached single family house in the research area was two or three storeys, and most of 

BT8 was surrounded by high walls. Related to building use, a majority of BT8 was used for 

pure residence, whilst 20% of that was used for commercial and residential mixed use (in 

about three quarters of these mixed use buildings, the homeowners and shop owners 

were the same), and 5% of BT8 were used for pure commerce, such as restaurants and 

cafés.  

 

  

Figure 7.1-12 BT8’s appearance and use shown from the street 
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7.1.2.9. BT9: Detached Temporary House 

This was one of the least common building types in the study area. The percentages of 

object number and object areas in BT9 were both approximately 1% out of all building 

observations. The normal height of a detached temporary house in the research area was 

one storey. Regarding building use, only 9% of them were used for residences, whilst up 

to 63.3% of BT9 were used for pure commerce, and most of the shops were small scale 

eateries (take-away or noodle shops). The rest of BT9 were left vacant, without any 

known use. 

7.1.2.10. BT10:  Detached Traditional House 

Most of the traditional houses were in bad condition, where the building materials have 

decayed over the course of time, so they might be uncomfortable or even dangerous for 

living in as the structure is not strong enough to protect against fire or earthquakes. 

Therefore, most of sites which originally had traditional houses constructed on them 

were rebuilt into flats or condominiums as the study area was in the central part of 

Taiwan’s capital city. Consequently, both the percentages of object number and object 

areas in BT10 were negligible at 0.5% and 0.3%.   

Figure 7.1-13 BT9’s appearance and use shown from street level 

Figure 7.1-14 BT10’s appearance and use shown from street level  
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7.2. Street types 

According to the classification system designed in Chapter 5, street type is one of the 

elements constituting urban form, which is also recognised in Conzen’s schema, 

employed by Whitehand et al (2011) and Kropf (2014; 2018) for example.  

In the x-y matrix classification system (see Figure 7.2-1), street type was the combination 

(output) produced through plotting the characteristics of road function or hierarchy 

(input variable on the y-axis) against the types of road form (input variable on the x-axis). 

The types of road function or hierarchy in this research were basically adopted from the 

existing classification in Taiwan; for instance, the street classification in Taiwan’s urban 

planning (e.g. Design Directions of Urban Roads and Accessory Works, 2009 (art. 3) and 

Overall Review of Taipei Master-Plan, 2006:22) and related Taiwanese academic research 

(e.g. Chen, 2007), which are based on functional characteristics.  

Road form, i.e. the design of carriageways and road edges, including on-street or kerbside 

parking space, pavement, planting, street furniture, and street scale (e.g. width, length 

and numbers of carriageways), especially the road width between buildings is a key factor 

affecting street function and streetscape (Bradbury et al, 2007) and even affecting street 

activities (Gehl, 2011). In addition, both the comprehensive description and systematic 

classification of road edge type, i.e. interface type belonging to street areas, was relatively 

scarce compared to that of road function in the existing related street research as 

Marshall (2004: p.8) points out that in official road classifications, roads tend to be 

classified according to their intended function, rather than their present form. Therefore, 

this thesis focuses more on describing and presenting the characteristics of road form 

than that on road function.   

More specifically, from both literature reviews and fieldwork, this research identified six 

types of road function, and ten types of road form in the selected study area. The types 

of road function are major, secondary, service, pedestrian path, cul-de-sac, and fire lane. 

The types of road form are 1) null only containing street lamp, 2) parking space, 3) painted 

pavement, 4) kerbed pavement, 5) parking space and painted pavement, 6) parking space 

and kerbed pavement, 7) striped crosswalk, 8) striped crosswalk and cycle lane, 9) bollard, 

as well as 10) median and kerbed pavement. 
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Following this, concerning the number of street types, if simply considering the 

combinations of input variables (road function and road form), theoretically, there are 

sixty street types: six (types of road function) times ten (types of road form). However, 

according to the fieldwork results, there are a total of twenty street types that exist in 

the observation area (see Figure 7.2-1). Although the street types were reduced from 

sixty to twenty kinds via fieldwork results, the number of twenty clusters was still too 

large to establish an efficient catalogue of currently representative street types. 

Therefore, cluster analyses were used to help to decide on the exact number of clusters 

and the final street types, which was introduced in Chapter 6. 

In addition to presenting the particular identified street types in this chapter, the overall 

street characteristics, such as street function and width, parking space, pavement 

design and location, street planting and street furniture, were also briefly introduced to 

give a general picture of the streetscape in the study area.
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Figure 7.2-1 The existing street types observed in the study area classified by the two-dimensional coordinate system (form-function matrix), including the final 12 street types 
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7.2.1. General street characteristics  

7.2.1.1. Street function and width 

• Major road, 60 or 70 metres wide, was the second dominant street type in terms 

of road areas occupied by this road function.  

• Secondary road, the width of it was either 8 or 15 metres. The 15 metre-wide 

secondary road had two carriageways (one car and one moped) on each side, 

whilst the 8-metre wide road was a two-way single lane without a central 

diversion. In terms of object number, secondary road was ranked second, but the 

percentage of its aggregate areas was less than that of major roads as its width 

was much narrower than major road’s width (60 or 70 metres).   

• Service road, usually 8 metres wide, but the width of it was from 6 to 15 metres. 

It was the most common street function found in the study area with 63.4% out 

of the total number of street objects and 47.1% out of the total street area.  

• Pedestrian path, there was only one 6-metre wide object found in the study area; 

therefore, both its percentages of object number and object area were merely 

around 0.3%.  

• Cul-de-sac, 5 metres wide on average, was one of the least common functions 

found in the observation area as its percentage of object number was 2.5% and 

its percentage of object area was 1.1%.  

• Fire lane, its percentage of object number was 0.4% and its 

percentage of object area was negligible at 0.2% since there 

was only one 3.5-metre lane recognised by this research in 

the observation area.  Moreover, due to the weak 

enforcement of the regulations related to fire lane, the 

others which were supposed to be fire lanes were covered 

by irons sheet or shelters, so that it was sometimes hard to 

be recognised from the outside even though they were 

originally planned as fire lanes (for example see Figure 7.2-2).   

 

Regarding the street distribution with different function or hierarchy, streets were 

planned following the associated rules, such as Design Directions of Urban Roads and 

Accessory Works, 2009 (art. 3) and Master-Plan in Taipei. The major roads located in 

Figure 7.2-2 
Actual use of fire lane 
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the east side and in the middle of the study area are the arteries connecting the study 

area to the city centre as well as the other districts. Secondary roads were constructed 

to connect to major roads and with service roads for trips within the district. Service 

roads were planned within the neighbourhood scaled blocks to connect to secondary 

roads and other service roads serving local trips.  

7.2.1.2. Parking space 

The parking space referred to here is the on-street parking spaces marked by the 

government (private parkable setback space and illegal on-street parking are discussed 

in Chapter 9 and Chapter 10).  There were around 40% of streets (the total length of street 

with official marked parking space divided by total street length) providing on-street 

parking spaces. Furthermore, of these parking spaces, 46% of them only provided moped 

parking, 14% of them were only for cars, whilst 40% of them were available for both 

moped and car parking (see Figure 7.2-5). These marked on-street parking spaces are all 

located in the streets over 6 metres wide (but this does not mean that all the streets over 

6 metres wide have official on-street parking space). In Chapter 9, parking space is 

discussed further in terms of its relationship to travel activities.  

7.2.1.3. Pavement design and location 

The pavement referred to here is the official pedestrian path planned by the government 

instead of a walkable space remaining from the setback space of a private area (private 

walkable space is discussed in Chapter 9 and 10). There were 30% of streets (pavement 

total length divided by total street length) providing official pavements. What is more, all 

the surface of pavements remained in good condition without any damage. The current 

pavement condition might affect respondents’ walking behaviour given that surface 

condition is regarded as a positive factor on walking behaviour (Lin & Chang, 2010) and 

Gehl (2011) also references that pedestrian traffic (especially for disabled people) is 

sensitive to pavements’ surface conditions. 

In terms of the material of pavements, there were two types discovered in the 

observation area: one was brick (kerbed) pavement and the other was painted pavement 

in green colour visually distinct from the roadways (e.g. in Figure 7.2-3). Having said that, 

90% of pavements observed were still made of bricks. The painted pavement is similar to 
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the concept of a naked street and shared space stated by Monderman et al (2006) where 

there is not a clear physical barrier separating pedestrian and vehicle movement; besides 

this, Speck (2012: p.175) and Owen (2009: p.148) note that shared space or a naked road 

might shape a safer environment for pedestrians due to the reduced car speeds, and 

Kitahara (2003) also points out that narrow streets without separated pavements could 

facilitate casual meeting and communication. However, during the fieldwork 

investigation, cars or mopeds were found parking directly on the painted pavement, 

which might be encouraged by the same surface level between painted pavements and 

roadways. The finding also corresponds to a news report (Weng, 2017), saying that: 

 “The violation of illegal parking or driving on the painted pavements happens 

from time to time, and it causes conflicts between pedestrians and drivers and also 

increases the risk [of accidents occurring]. In addition, the number of violations 

increased to more than 5000 cases so far this year [until October] which is more 

than the whole of last year.”24 

Both the research findings and the news report are unable to support the benefit of 

shared space mentioned above. Therefore, the real use of painted pavements and related 

travel activities are further discussed under Taiwanese contexts in Chapter 9. 

Regarding the scale, pavements were divided into two sizes by setting 2.5 metres of 

width25 as a benchmark: small-scale was a pavement narrower than 2.5 metres, and 

large-scale was the pavement at least 2.5 metres wide. The painted pavements were all 

small-scale with a width of 1.2 metres. However, around 60% of kerbed pavements were 

 

24 The original article is written in Chinese, so it was translated into English by this research.  

25 According to the guideline in Handbook of Urban Roads and Pavements Design (2003: s.4.1.2), the width 
of 2.5 metres is regarded as the minimum measurement to make the pavement walkable and comfortable 
for pedestrians in residential and commercial mix areas.    

Figure 7.2-3 Illegal parking and street vending (extracted from Weng, 2017) on the painted pavement 
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large-scale and the width range was between 2.7 and 5 metres, which was able to provide 

enough space for pedestrians; whilst the small-scaled kerbed pavements were between 

1.2 and 2.2 metres wide.  

All the pavements were adjacent to streets over 8 metres wide, and especially located 

along major roads, public facilities (e.g. government organisations, schools and parks), 

and the superblock (see Section 10.2.4.3 for a definition) in the bottom left of the 

observation area (Figure 7.2-5). 

7.2.1.4. Street planting 

The street planting referred to here is the official greens (trees, bushes, flower beds, etc.), 

which are part of streets designed by the government. However, there were only 18% of 

streets (the total length of street with official street trees divided by total street length) 

in which street trees were planted by the government. The street trees were mostly 

planted along major roads (60 and 70 metres wide) and the streets with large-scale 

pavements (Figure 7.2-5), whose locations followed the guideline in the Handbook of 

Urban Roads and Pavements Design (2003, s.4.7) that streets wider than 25 metres with 

3-metre wide pavements are suitable for planting street trees on and the authorities are 

encouraged to do so. To some extent, related to the design guideline, 85% of street trees 

recorded were planted on large-scaled pavements (Figure 7.2-4). These streets are 

pedestrian-friendly by not only providing green shelters but also walkable space.  

7.2.1.5. Street furniture 

Relating to the street lighting system, according to Design Directions of Urban Roads and 

Accessory Works (2015, s.19.1), there are streetlamps in every street in urban residential 

Figure 7.2-4 The street trees planted in large-scaled pavements 
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areas. Traffic lights were only located at the intersections of major and secondary roads. 

The other street furniture placed by the government, such as telephone booths, 

postboxes, street benches, bicycle racks and sheltered bus stops etc., was only found 

along the major roads (e.g. see Figure 7.2-23); that is, streets with other function or 

hierarchy only have street lamps or traffic lights instead of other street furniture along 

their street edge. Hence, street furniture is not further discussed alongside residents’ 

travel activities in the chapters that follow.  

 

 



239 

 

  

Figure 7.2-5 The distribution of official on-street parking spaces (left), pavements (middle), and street planting (right) 
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7.2.2. Final 12 street types 

This section starts with the distribution of the final 12 street types (Figure 7.2-6) as the 

process of how the final street types were determined has been elaborated on in Chapter 

6. The colour scheme of this map shows the degree of sustainability the particular street 

type was at. It was the outcome of combining street types with their associated aggregate 

mode share data; that is, the streets classified into the same type, which shared the same 

value of average mode share, obtained from a travel diary and also aggregated by 

individual residents living along that particular street type. When the colour shade of 

street types becomes greener, these were related to better performance, where mode 

shares of sustainable transport modes, i.e. transit, walk or bike, were higher than other 

street types. By contrast, reddish colours mean that the mode shares of such street types 

were relatively unsustainable with higher private vehicle use. Having said that, it is still 

possible to see some private vehicle users located along particular streets in green as the 

colour scheme merely represents the aggregate mode share of each street type (e.g. see 

Figure 9.3-1). The differences of travel activity patterns between the final street types are 

explained in Chapter 9 later.  

Generally speaking, from the graphical pattern given by the ArcGIS map, the 

unsustainability rating was higher when the street was wider and longer (it connotes that 

the street hierarchy was higher). Consequently, there was a tendency for the distribution 

of unsustainable street types (in reddish colour) to cluster in the north-east because the 

most major roads and secondary roads were located in the east and north of the selected 

study area. By contrast, the sustainability as defined above, was arguably higher in the 

south-west, which was also related to the street hierarchy in that it was mainly composed 

of service roads, such as lanes, alleys and private walkways, mostly accessed by local 

residents.   

Furthermore, the spatial features, locations and percentage of occupancy of these 12 

street types are elaborated on in this section. Regarding the actual use of each street 

type’s road edge, such as illegal parking and street planting from residents, the result was 

calculated from the collected data, and it was simply used to describe the current street 

scenery in the observation area during the fieldwork. Therefore, the statistical data were 

not necessarily representative for the same street types outside the studied area. That is, 

although some streets outside the studied area may be classified into the same type, their 
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actual use of illegal parking and residents’ planting could be different from that in the 

observation area. This is because the presence of illegal parking and household planting 

varies mainly depending on the enforcement of related road regulations. 

 

  

Figure 7.2-6 The distribution of the final 12 street types 
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ST1: Secondary road without any interface type 

It was a 15 metre-wide two-way street, which has two carriageways (one car and one 

moped) on each side. There is no pavement on both the roadsides, so pedestrians share 

the road space near the building side with cyclists, driving mopeds, vehicles pulling over 

and illegal on-street parked vehicles (see the roadsides in Figure 7.2-7 and Figure 7.2-8). 

Although on-street parking space is not provided in this type, the phenomenon of 

temporary roadside parking (a driver or a passenger in the vehicles, or stationary vehicles 

with the engine running) was still common in the area, and there were up to 80% of ST1’s 

roadsides that had temporary parking in violation of parking restrictions. For example, in 

Figure 7.2-7, the moped rider was on the car carriageway since the moped carriageway 

was occupied by illegal temporary parked cars. There were no street trees planted and 

up to 60% of ST1 were without any greening, whilst only 40% of ST1’s roadsides had 

planters placed by neighbouring homeowners or shop owners. This type was ranked sixth 

in both percentages of its object number with 5.4% out of all street objects and its road 

area was 4.5% out of the total road areas in the study.  

Figure 7.2-8  The photograph shows the real use along the road edge in ST1: pedestrians and a cyclist sharing 
the same right of way  

Figure 7.2-7 Street design and street view of ST1 
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ST2: Service road without any interface type 

This type features a two-way single lane with a width of 6 metres on average (between 5 

and 8 metres wide). Pedestrians, cyclists and motorised vehicles share the same right of 

way. Although on-street parking space is not provided, the phenomena both of 

temporary roadside parking from customers in front of shops and of long-term parking 

from residents in front of their houses were very common in the area with up to 80% of 

ST2’s roadsides having illegal parking (Figure 7.2-9). Only 6% of ST2 was planted with 

street trees, but for the ST2 adjacent to residences, 70% had pots or planters placed by 

homeowners, especially directly in front of the entrances to prevent parking and blocking 

entry (Figure 7.2-10). However, there were still 28% of ST2 without any greening at all. 

This type was the most common type out of all twelve street types with 32.9% out of the 

object numbers and 22.8% (ranked second) out of object areas.  

  

Figure 7.2-9 Street design and street view of ST2 

Figure 7.2-10 The plant situation along the roadside in front of residences. Planters used to stop car parking 
(the two photographs on the right side; the red poster attached on the entrance door saying: Main 
Entrance, Keep Clear). 
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ST3: Cul-de-sac without any interface type 

This type features a two-way single lane with a width of 5 meters on average (with the 

range from 4 to 8 metres). There is no official parking space planned, but there is no sign 

for parking restriction either in ST3. Consequently, all ST3 has on-street parking. There 

were no official street trees planted, but about half of ST3 had planted trees or planters 

placed along the road edge by residents. This type was one of the least common street 

types out of the final street types with 2.5% in terms of object number and 1.1% in terms 

of object areas. 

  

Figure 7.2-11 Street design and street view of ST3 
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ST4: Secondary road with parking space 

This type features a 15 metre-wide two-way street which has two carriageways (one car 

and one moped) and marked on-street parking space on each side (Figure 7.2-13). There 

is no pavement on both the roadsides, so pedestrians and cyclists share the road space 

near the building side with driving mopeds, vehicles pulling over and on-street parked 

vehicles. There were only 6% of ST4 planted with street trees, whilst about 55% of ST4 

had planters placed on the roadsides by neighbouring homeowners, yet still 45% of ST4 

were without any greenery at all. This was one of the common street types, and it was 

ranked third with 8.2% out of total object number and its percentage of object areas was 

ranked fourth with 6.3% out of the total street areas.  

Figure 7.2-12 Street design and street view of ST4 

Figure 7.2-13 Official marked on-street parking spaces 
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ST5: Service road with parking space 

This type features a two-way single lane with a width of 8 metres on average (with the 

range from 6 to 11 metres). Pedestrians, cyclists and motorised vehicles share the same 

right of way. There is official on-street parking space provided in ST5, but 40% of the 

parking spaces were marked for mopeds only, and the rest were for both cars and 

mopeds. Related to that, in the street sections which only provide moped parking space, 

still up to 60% of them were found to be occupied by illegal car parking, especially in front 

of residences (see Figure 7.2-14). Only 11% of ST5 were planted with street trees, but the 

ST5 adjacent to residences. Up to 77% of them had pots or planters placed by 

homeowners, whilst there were about a fifth of ST5 without any greening. This type was 

one of the most common types in the observation area with 14% (ranked second) out of 

all street objects and with 11.8% (ranked third) out of the total street areas.  

  

Figure 7.2-14 Street design and street view of ST5 
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ST6: Secondary road with parking space and kerbed pavement 

This type features a 15-metre wide two-way street which has one carriageway with well-

conditioned brick pavements on each side. The width of the pavements was either 1.2 or 

1.5 metres. There is on-street parking space provided in ST6, but there was illegal 

temporary parking occasionally found on the kerbsides during the fieldwork observation. 

Relating to the planting condition, it was one of the less green street types; for example, 

there was no street tree planting in ST6, and there were up to 60% of ST6 without any 

greening, whilst 40% of ST6 had planters along the roadsides. This type was one of the 

least commonly seen types. Its percentage of object number was only 1.7% and that of 

object areas was ranked eighth with 3.9%. 

  

Figure 7.2-15 Street design and street view of ST6 
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ST7: Service road with parking space and kerbed pavement 

This type features a two-way street with a width of 13 metres on average (between 8 and 

15 metres) which has one carriageway with kerbed pavements on each side. There are 

well-conditioned brick pavements along the roadsides connecting to buildings. The width 

range of the pavements was between 1.2 and 3 metres, and the average was 1.2 metres. 

Although on-street parking space is provided in ST7, there were still 40% of ST7’s 

kerbsides found with illegal parking in the road sections without marked parking space. 

There were 21% of ST7 planted with street trees by the government, and 31% of ST7 were 

placed with planters by residents, yet there were still around half of ST7 without any 

greening. This type was commonly seen and particularly connected with commercial and 

residential mix-used buildings, and its percentages of object number and object areas 

were both ranked number five with around 6%. 

  

Figure 7.2-16 Street design and street view of ST7 
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ST8: Service road with painted pavement 

This type features a two-way single lane with a width of 8 metres on average (between 6 

and 15 metres) with 1.2 metre-wide painted pavements in one side, where there was no 

level difference between streets and pavements. Although parking is completely 

forbidden on the painted pavements, temporary illegal parking was occasionally found 

on them during the fieldwork observation (Figure 7.2-18). This violation was probably 

related to the ease of parking there since there was no kerb, i.e. no level difference 

between pavements and roads. There were no street trees planted in ST8, but up to 77% 

of ST8 had planters placed by residents, whilst there were only 23% of ST8 without any 

greening. This was one of the less common street types in the observation area with 

around 2% out of the total object number and object areas. 

 

  

 

  

Figure 7.2-17 Street design and street view of ST8 

Figure 7.2-18 Temporary illegal on-street parking found in ST8 
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ST9: Service road with kerbed pavement 

This type features a two-way single lane with a width of 13 metres on average (between 

6 and 15 metres) which has well-conditioned brick pavements along one side. The width 

range of pavements was between 2 and 3.7 metres, and the average was 3 metres. 

However, on up to two thirds of ST9’s kerbsides (but not on the pavements) or the other 

roadsides, illegal parking was found; it was highly related to the fact that there is no on-

street parking space provided in ST9 nor strict parking restrictions. Relating to the 

planting condition, it had one of the highest greenness out of all street types; for example, 

there were up to 82% of ST9 planted with street trees by the government, and 

concurrently 24% of that had plants placed by residents, whilst there were only 6.5% of 

ST9 without any greening. However, this was one of the less commonly seen street types, 

and its percentage of object number and that of object areas were ranked eighth and 

ninth respectively with 2.9% and 2.3%. 

  

Figure 7.2-19 Street design and street view of ST9 
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ST10: Secondary road with striped crosswalk 

This type features a 15-metre wide road intersection with striped crosswalk and traffic 

light and sign. And these types were only found at intersections, so ST10 can be regarded 

as an intersection type. Related to that, there is always a strict restriction and 

enforcement on illegal parking and planting from residents owing to the intersection 

function. The percentage of object number in ST10 was ranked third with 8.3%, but the 

percentage of object areas was only in tenth place with 2.1% as an intersection is a node 

intersecting road instead of a whole road section.    

ST11: Major road with striped crosswalk and cycle lane 

This type features a 70-metre wide road intersection with striped crosswalk, cycle lane 

and traffic light and sign. Comparable to ST10, ST11 was one of the intersection types, so 

that there was no kind of planting at all because of its function. Having said that, ST11 is 

the intersection of major roads, which have street trees alongside, so ST11 visually shares 

the same greenness as major roads. Illegal parking is completely banned and strictly 

enforced by policemen to ensure safety in major roads which have the heaviest traffic 

flow and fastest traffic speed. The percentage of object number was ranked tenth with 

2.1%, whilst the percentage of object areas was in seventh place with 4.4%.    

Figure 7.2-20 Street design and street view of ST10 

Figure 7.2-21 Street design and street view of ST11 
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ST12: Major road with median and kerbed pavement 

This type featutes a 70-metre wide two-way road which has five carriageways (including 

two fast lanes for cars only, two slow lanes for cars and mopeds mix, and one moped 

carriageway) on each side. There is a central reservation (double yellow line) in the middle 

of the two halves of the road, and the median (e.g. in Figure 7.2-22 and Figure 7.2-23) is 

designed to both separate the fast and slow lanes and also provide a safe waiting place 

for pedestrians to cross the very wide road (NZ Transport Agency, 2007). There are well-

conditioned brick pavements on both roadsides connected to buildings, and the width of 

them were either 4.5 or 4.8 metres. There is no on-street kerbside parking, but 74% of 

the pavements provided moped parking (see in Figure 7.2-23). The pavements also 

offered varied street furniture, such as bicycle racks, rubbish bins, postboxes, telephone 

booths and bus stops (Figure 7.2-23) Concerning the planting condition, ST12 had the 

highest greenness out of all street types; for example, the whole ST12 was planted with 

street trees and some of its road sections were also placed with planters by residents. In 

terms of object number of ST12, it was ranked seventh with 3.7%. However, when it 

comes to the object areas, it was ranked first with 26.5%. That was because all ST12 was 

70 metres wide and the total length of it was two kilometres, the total areas of ST12 was 

therefore ranked as the biggest one in the study area.      

Figure 7.2-22 Street design and street view of ST12 

Figure 7.2-23 The types of street furniture found in ST12 
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7.2.3. Summary and discussion 

7.2.3.1.  Summary of building types and street types 

In terms of the classification of building types, the variables chosen by this thesis are the 

two most commonly used indicators: function (e.g. in Real Estate Database, Land Use 

Investigation, etc.) and form (e.g. in Chi, 2011; Chen, 2007; Steadman et al, 1991). Flats 

and condominiums were the most popular building function in the study area as the 

prime zoning in the study area was residential zoning, hence there were not many 

commercial buildings, public buildings and other functions. Regarding the building form, 

both semi-detached and row buildings were the most frequently seen types in the study 

area. However, the percentage of every form type occupying the total object areas was 

even due to the multiplication difference between object number and site areas. 

Following these characteristics, semi-detached flats (BT2), row flats (BT3) and detached 

flats (BT1) were the most dominant building types out of the final building types. 

When it comes to architectural characteristics, semi-detached and row buildings (flats 

and condominiums) both have communal accesses to dwellings above the ground floor. 

But the main difference between flats and condominiums is that condominiums have lifts 

and reception areas (usually accompanied by security guards or porters). The real use 

pattern of these semi-detached or row buildings is that most of their ground floors are 

used for shops whilst residential use starts from the first floor. 

Moreover, building height, materials and age, these other widely used investigation 

indictors of building style (e.g. Brown et al, 2000; Steadman, 1991; 2000a; Kropf, 2014) 

were also used in this thesis to describe built form in the study area. Controlled by 

Building Technique Regulation 2014, two thirds of buildings were mid-rise (four to seven 

storeys). Moreover, more than half of buildings were upto five storeys high, which is 

within the threshold that residents could have meaningful contact with street events as 

asserted by Gehl (2011). Besides this, a large majority of buildings observed were in good 

condition as the observation area is located in Taipei city centre, where most of the ruined 

old buildings were renewed by urban planning. Consequently, there was only one military 

dependents’ village which remained, and there were not many temporary iron houses or 

traditional brick houses found by this research.  
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As far as the classification of streets was concerned, street types were the combination 

of road function (or hierarchy) and road form. Function is one of the most commonly used 

indictors for street classification systems (e.g. Design Directions of Urban Roads and 

Accessory Works, 2009; Overall Review of Taipei Master-Plan, 2006; Chen, 2007), yet 

road form, especially the design of  road edges, is relatively scarce compared to road 

function as Marshall (2004) points out. Therefore, this classification of street types might 

provide a new approach to the existing street classification system.  

Table 7.2-1 Comparisons between different street types  

Street 

type 

Official 

on-street 

parking 

Illegal  

on-street 

parking rate 

(%) 

Pavement 

and 

crosswalk  

Pedestrian and 

motorised 

vehicle shared  

Pedestrian and 

motorised 

vehicle 

separated   

Planting 

rate (%) 

ST1 - 80 - X - 40 

ST2 - 80 - X - 72 

ST3 - 0a - ∆ - 50 

ST4 X 0 - x - 55 

ST5 X 24 - x - 78 

ST6 X 0b X - x 40 

ST7 X 40 X - x 52 

ST8 - 0b X X c Xc 77 

ST9 - 66 X - x 94 

ST10 - 0 X - x 0 

ST11 - 0 X - x 0 

ST12 - 0 X - X∆ 100 

Note: 

[a] There was no ban for parking, but no official parking space offered either. 100% of ST3 parked with 

residents’ vehicles. 

[b] Occasional temporary parking 

[c] Painted pavement: it was at the same level as streets and there was no physical barrier between 

pavements and streets. From planning’s point of view, it separates pedestrians and vehicle traffic, but 

simply considering the spatial feature, it was similar to shared road which pedestrians need to be 

cautious about the driving vehicles, or vice versa.  

∆ Pedestrians shared the road with vehicles pulling over occasionally 
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According to fieldwork results (e.g. see Table 7.2-1), service road was the most common 

road function found, and on-street parking space was the most common design for road 

edge in the study area. Related to the findings, service road without any interface type 

(ST2), secondary road with parking space (ST4) and service road with parking space (ST5) 

were the most prevalent street types out of all streets. 

7.2.3.2. Discussion of the parking and walking issue 

Here are the overall comprehensive comparisons among the final street types from the 

aspects of parking, walking and planting: 

Parking condition 

There are only four street types providing official marked on-street parking space: ST4, 

ST5, ST6 and ST7. However, there were up to 60% of road sections of both ST5 and ST7 

on which illegal parking was observed, outside the marked parking spaces. There was no 

‘long term’ illegal parking (parking without a driver nor a passenger in the vehicle) found 

during the fieldwork in ST3, ST4, ST6, ST8, ST10, ST11 and ST12. Having said that, in ST6 

and ST8,  some temporary illegal on-street parking (a driver or a passenger in the vehicles, 

or the stationary vehicles with engine running) was found, especially some vehicles which 

were parked on the painted pavements in ST8 because there are no physical barriers 

(surface level difference) between painted pavements and streets. 

Generally speaking, there was a higher percentage of illegal on-street parking observed 

in the streets without any interface type and in the service roads. For example, ST1 and 

ST2 have the highest percentage of illegal parking out of all street types. In addition, 

service roads (except ST8) have a higher percentage of illegal parking than both major 

roads and secondary roads. By contrast, the types containing major roads or road 

intersections (e.g. ST10, ST11 and ST12) have the strictest enforcement of illegal parking 

due to the traffic safety of higher road hierarchy (see Figure 7.2-24).   

Walking condition 

Pedestrians walking in ST1, ST2, ST4, ST5, and ST8 share the right of way with driving 

vehicles. There is no clear sign, physical barrier or infrastructure to separate pedestrian 

movement and vehicle flow in those street types. It is similar to the concept of “shared 
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space” conceived by Monderman et al (2006). By contrast, street types ST6 to ST12 all 

have pavements (though ST8 has painted pavement). Especially when a street’s function 

was a major road, it provides a more comfortable walking environment on pavements 

than other street functions do, e.g. secondary roads, service roads, etc. This is because in 

the study area (urban area), major roads and generous pedestrian provision go together 

(e.g. in ST12) according to the road regulations. But in other rural areas, this association 

is not always present.   

Planting condition 

Broadly speaking, there was a better planting condition in major roads (except ST11 as it 

is a road intersection on which is not allowed to plant for travel safety) than the other 

road functions. For example, there were street trees planted along the whole ST12. 

Almost all the street types more or less have plants (mainly contributed from 

homeowners) in the interface between street area and property line, except ST10 and 

ST11 because they are in road intersections, where any kind of planting is strictly 

forbidden for travel safety. This chapter revealed the spatial, architectural typological and 

morphological characteristics of building types and streets types (that of interface types 

are presented in the next chapter) to give a complete description and understanding of 

current representative landscape or streetscape in Taipei urban areas, by focusing more 

on form characteristics than function, to supplement the insufficiencies of related 

existing urban plans or studies. Besides this, the related travel activities of these 

recognised building and street types are further added on to give these originally neutral 

form types some character in Chapter 9 later, so that this thesis can determine not only 

whether there is a relationship between form types and travel activities, and also which 

building types or street types are related to better performances (favourable types) and 

which are not (unfavourable types) than other types in terms of more sustainable mode 

choice or more social activities within neighbourhoods. What is more, these findings 

(favourable or unfavourable types) could be applied as a reference both to the current 

Neighbourhood Traffic Environment Improvement Project (2015) run by Taipei city 

government, where the primary aims of the project are both improving the pedestrian 
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environment and decreasing the occurrence of illegal parking; or to the other associated 

community development projects.  

 

 

  

Figure 7.2-24 The distribution of illegal parking occurrence areas and strictly 
banned areas 
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Chapter 8: Morphological catalogue of final interface types in the study area 

The content of this chapter, i.e. presenting the final interface types found within the study 

area, constitutes the core focus of this research. Studies about interface type itself are 

scarce within the current literature on urban morphology and travel behaviour (see 

Chapter 2), and this research therefore aimed both to establish a more scientific method 

of determining interface types (which was introduced in Chapter 6) and also to provide a 

more systematic and explicit classification of current interface types that exist in the 

Taiwan context than has been hitherto achieved. Section 8.1, the final presentation of 

the different interface types recognised by this research, which details a complete and 

elaborate morphological catalogue of current urban interface appearance in one sample 

area of Taipei, may therefore be regarded as the most significant contribution of this 

thesis as comprehending interface types is crucial to understanding urban issues (Dovey 

& Wood, 2015).   

As part of the current trend for urban development that is both sustainable and liveable, 

the secondary aim of the research is to show how the elements of an interface space 

might affect mode choice for travel activities, and to recognise the type which most 

encourages walking. Therefore, as part of listing the various interface types identified in 

the study area, this catalogue also includes the spatial and typological characteristics of 

each that are most associated with residents’ travel activities, i.e. mode choice and 

walking behaviour, and pedestrians’ perception of their walking environment. For 

example, the presence and measurements of the front space and the type of privacy 

protection employed indicate the ability of an interface type to provide a friendly and 

ambiguous edge between the domestic and public area, which can provide both 

enjoyment and interest for pedestrians (Gehl, 2011; Bobić, 2004), and also encourage 

social interaction among neighbours or between residents and pedestrians (Alexander et 

al, 1977; Brown et al, 1998; Dovey & Wood, 2015; Gehl, 1986; 2011; Hess, 2008). The 

design of the front space, and particularly the presence of any plants, is related both to 

the visual pleasure pedestrians may gain from that environment (Gehl, 2011; Turner, et 

al, 2006), and also to parking accessibility for residents and therefore their mode choice 

(Shoup, 1997; Speck, 2012). Land use refers to whether an interface space provides 

“useful and interesting” trips (Speck, 2012).  Shelter is related to pedestrians’ walking 

comfort, while the presence of any obstacles in the interface area affects the ‘walkability’ 

of the space. The other characteristics then provide a general outline of the observation 
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area, such as the distribution of each interface type and the percentage of the overall 

interface area for which they account.       

The purpose of this catalogue is therefore both to provide a more systematic 

understanding of the built environment from a micro-spatially morphological view within 

the specific study area than the currently existing catalogue, and, through observational 

fieldwork, to subsequently discover how the nature of that environment affects travel 

activity. 
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8.1. Final interface types 

There were 24 interface types finally classified by the results of K-Means clustering from 

Section 6.2. What is more, these 24 interface types constituted about 90% of the interface 

spaces in the study area; it means that, these final types were able to describe and 

represent the particular urban form in the study area.  

The final interface types were introduced in order of their coding, which was based on 

the order of Table 4.2-1: B-shelter provider, C-ambiguous divider, D-transition point, E-

visual attraction, and F-territory protector. Figure 8.1-1 is a complete catalogue with 

illustration of the final interface types following the classification of these five groups. 

The colour scheme of interface types connotes their spatial characteristics; for example, 

in principle, an interface type’s shelter effect is greater when the colour is greener and 

darker; their connection with pedestrians or street activities is stronger when the colour 

is closer to purple (e.g. interface types in E-group); and the orange-red-like colour means 

this type has wall protection. Consequently, although the interface types classified into B 

group all have shelters, the interface types in reddish colours imply that the effect of wall 

protection might be greater than the effect of shelters in those interface types; and the 

interface types in blue might have a stronger relationship with street activities than the 

other B-types. Besides this, the colour scheme was also applied to the distribution map 

of final interface types in. 

Table 8.1-1 is given here for an overview of the percentage of each interface type out of 

the overall interface objects taken up by in terms of object numbers and object areas, in 

order to discover which interface types are prevalent, common, or rare in the observation 

area. Generally speaking, the percentages of object numbers and of object areas, and the 

accompanying rank of individual interface types are similar, except the interfaces used as 

communal entrances. For example, B6-1, B6-2S, B7-2L, B7-2S and B8 have percentages and 

ranks of object areas which were much lower than that of their object numbers since their 

ground floor areas (as communal staircases rooms) were relatively smaller than other 

types. By contrast, C2L and D2L usually have large setbacks or front gardens, therefore, 

their percentages and ranks of object areas were much higher than that of their object 

numbers.  
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Table 8.1-1 The percentage and rank of the final 24 interface types 

Interface types 
Object number 

     %        (rank) 

Object area  

    %       (rank) 

B1 Arcade + shop window/automatic door 6.70 (4) 8.97 (2) 

B2L Balcony + awning + wall (large front space) 11.57 (1) 7.08 (4) 

B3L Canopy + wall (large front space) 9.03 (2) 5.99 (5) 

B4L Canopy + sliding door + shutter +stairs (large front space) 0.99 (22) 1.36 (17) 

B5L Balcony + wall (large front space) 4.80 (8) 3.46 (10) 

B6-1 Overhang 5.71 (6) 1.83 (16) 

B6-1L Overhang (large front space) 2.26 (16) 2.39 (15) 

B6-2L Overhang + wall (large front space) 1.48 (19) 0.71 (21) 

B6-2S Overhang + wall (small front space) 2.82 (13) 0.56 (23) 

B7-1 Awning 4.30 (10 5.53 (8) 

B7-1L Awning (large front space) 2.47 (15) 1.05 (19) 

B7-2L Awning + wall (large front space) 6.42 (5) 3.36 (11) 

B7-2S Awning + wall (small front space) 1.90 (17) 0.61 (22) 

B8 Awning + ramp/step 3.46 (12) 1.28 (18) 

B9 Awning + shutter + sliding door 5.01 (7) 2.64 (13) 

C2L Large front setback 1.69 (18) 16.31 (1) 

D1 Alcove + shop window/automatic door 4.23 (11) 5.82 (6) 

D1S Alcove + shop window/automatic door (small front space) 2.61 (14) 2.43 (14) 

D2L Portico (large front space) 1.20 (21) 5.8 (7) 

E1 Shutter 0.99 (22) 1.05 (19) 

E2 Signboard + shop window/automatic door 4.65 (9) 3.24 (12) 

E3L Balcony + shop window/automatic door (large front space) 1.34 (20) 4.86 (9) 

E4L Deck + shop window/automatic door (large front space) 0.49 (24) 0.33 (24) 

F1L Wall (large front space) 6.91 (3) 8.57 (3) 

In addition to the prevalence of the final interface types, Table 8.1-2 and Table 8.1-3 give 

an overview of the relationship between interface types and building types, and between 

interface types and road functions respectively, in order to show which dominant building 

types the final interface types are adjacent to and which road functions they are located 

on.  
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Table 8.1-2 The relationships between interface types and building types 

 

Interface 
types 

Building types 

Dominant types 
(%) 

Function 
(%) 

Form 
(%) 

D. 
Flat 

Semi. 
Flat 

Row 
Flat 

D. 
Con. 

Row 
Con. 

D. 
Tem. 

Flat Con. S.F. other D. Semi. Row Coll. 

B1   ○ 
17  ● 

30  ○ 
28 

● 
44    ○ 

17 
● 
47  

B2L  ● 
60 

○ 
27 

   ● 
87 

    ● 
64 

○ 
33 

 

B3L  
● 
46     

● 
75 

○ 
10 

○ 
10   

● 
77   

B4L   ● 
50    ● 

53    NA ○ 
28 

● 
72 NA 

B5L   ● 
50 

   ● 
70 

   ○ 
30 

 ● 
55 

 

B6-1 
○ 

24 
● 
38 

○ 
28    

● 
90 

○ 
10 NA NA 

○ 
27 

● 
42 

○ 
31 NA 

B6-1L no dominant types ● 
53 

● 
44 NA Pub. ○ 

28 
● 
44 

○ 
21  

B6-2L  ● 
33 

    ● 
76 

○ 
12 

○ 
12 

NA ● 
50 

○ 
33 

○ 
17 

NA 

B6-2S  ● 
55     

● 
10
0 

NA NA NA ○ 
22 

● 
55 

○ 
23 NA 

B7-1 no dominant types 
● 
80    

● 
32 

● 
35 

● 
33 NA 

B7-1L  ● 
40 

● 
40    ● 

89 
○ 
9  NA ○ 

20 
● 
40 

● 
40 NA 

B7-2L  ● 
35 

● 
35 

   ● 
95 

   ○ 
20 

● 
40 

● 
40 

NA 

B7-2S  ● 
82     

● 
10
0 

NA NA NA ○ 
18 

● 
82 NA NA 

B8  
● 
55     

● 
73 

○ 
14 

○ 
13 NA 

● 
27 

● 
61   

B9  ● 
30 

● 
30    ● 

72 
○ 

13 
 

7 
Tem. 

8 
○ 

18 
● 
37 

● 
45 NA 

C2L no dominant types ● 
40 

● 
43 

○ 
22 

Pub.  ● 
40 

 ● 
40 

D1 no dominant types 
● 
58 

○ 
37 

 
5 NA 

● 
30 

● 
30 

● 
30 

○ 
10 

D1S no dominant types ○ 
37 

● 
54 

 
9 NA ● 

33 
● 
34 

● 
33 NA 

D2L    ● 
41 

  ○ 
20 

● 
60 

NA Pub. 
○ 20 

● 
64 

NA ○ 
18 

○ 
18 

E1  
● 
30    

● 
30 

● 
57   

Tem.  
○ 35 

● 
33 

● 
34 

● 
33 NA 

E2  ● 
35 

● 
40    ● 

80 
○ 

20 NA NA ○ 
15 

○ 
35 

● 
50 NA 

E3L no dominant types ● 
67 

○ 
33 

NA NA ○ 
16 

● 
56 

○ 
28 

NA 

E4L  
● 
56     

● 
75 

○ 
13 

○ 
12 NA 

○ 
22 

● 
56 

○ 
22 NA 

F1L ○ 
15 

● 
27 

● 
29    ● 

72 
○ 

12 
○ 

12 Pub. ● 
33 

● 
34 

● 
33  

Note:  

D. -Detached; Semi. -Semidetached; Coll. -Collective; Con. -Condominium; Tem. -Temporary house; S.F. -Single 

Family house; Pub. -Public building 

● means the most dominant and ○ means the second most dominant building types of that interface type;  

blank cell: no dominant types/function/form found; NA: building function/form were not present 
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Table 8.1-3 The relationships between interfaces and street types 

Broadly speaking, Flat and Condominium were the most prevalent building functions, and 

Flat was more common than Condominium in terms of the buildings that the interface 

types were connected to, except D2L and E1. For example, Public building was the second 

most common building function in D2L with 20%. E1 was found to have the highest 

composition of Temporary house with 35% out of all the other interface types. Related to 

that building characteristic, in terms of building condition, 14% of E1 were recorded as 

old houses or those in a poor condition which were not suitable for living. The 

composition of poor condition houses was also highest in E1 compared to other interface 

types. In addition, in terms of building form, Semi-detached and Row were most common 

whilst Collective was the rarest form to be connected to the most of the interface types, 

except C2L. Consequently, related to the results of building function and form, semi-

Interface types 
Street types (road function) (%) 

Major  Secondary  Service  (under 7m) 
B1 ● 50 ○ 30 ◦ 20  

B2L - - ●100  (63) 

B3L - ◦ 18 ● 82 (60) 

B4L - - ● 100  

B5L - ◦ 3 ● 97  

B6-1 - ○ 25 ● 75  

B6-1L - ◦ 3 ● 97  

B6-2L - ○ 38 ● 62  

B6-2S - - ● 100  

B7-1 - - ● 100  

B7-1L - ◦ 3 ● 97  

B7-2L - ◦ 3 ● 97  

B7-2S - ◦ 13 ● 87  

B8 - ◦ 8 ● 92  

B9 - ○ 25 ● 75  

C2L - ◦ 15 ● 85  

D1 ◦ 12 ○ 33 ● 55  

D1S - ○ 20 ● 80  

D2L ◦ 12 ◦ 6 ● 82  

E1 - ○ 30 ● 70  

E2 - ● 45 ● 55  

E3L ◦ 12 ○ 22 ● 66  

E4L - ○ 40 ● 60  

F1L - ◦ 4 ● 96  

Note: ● most dominant; ○ second common; ◦ less common; – no case 
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detached flats (BT2) and row flats (BT3) were the most dominant building types which 

were widely found in most of interface types.  

When it comes to the street types which the interface types were adjacent to, in general, 

almost all the interface types were mainly adjacent to service roads, whilst a relatively 

small proportion were located on secondary roads, except B1 which was mainly located 

on major roads at 50%. Besides this, there were relatively higher percentages of B6-2L, 

E2, and E4L adjacent to secondary roads at around 40%.  

For every individual interface type, this chapter introduces its definition, and describes 

its spatial and typological characteristics (e.g. appearance and measurements, contents, 

i.e. parking, planting, and obstacles), land use, and its related urban issue in the study 

area. That is, the information and description given in every interface type section only 

refers to that individual interface type. 
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8.1.1. Group B: Shelter provider interface types 

The coding of the following interface types beginning with B was classified as a shelter 

provider (for the definition please refer to Section 4.2.1), which is able to provide a good 

shelter for and protection from bad elements. Besides this, some of these B-types also 

function as a visual attraction appealing to pedestrians if their building façades combine 

with a visual attraction or interesting (the classification from Speck, 2012) interface 

Figure 8.1-1 The catalogue and illustration of the final 24 interface types  
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elements, e.g. shop windows, sliding doors, etc. Or, some B-types also have strong 

territory privacy owing to combining with territory protector interface elements, for 

example, high walls.  

For those interface types which have territory protector elements but were classified into 

B group instead of F, that was because this classifying method was based on the residents’ 

view. From the residents’ point of view, B group is the first layer they meet when they go 

out. By contrast, the interface types currently belonging to B group also having F group 

elements would have been classified into F group if this research focused on pedestrians’ 

view as walls probably would be the first layer they face when they are walking. 

Nevertheless, the questionnaire object was the current residents in the observation area 

and their travel activity was the main subject of the analysis for the next following 

chapters, therefore the classifying system was based on residents.  

 

B1: Arcade and shop window/automatic door 

B1 is the interface type where the building façade or entrance of the arcade is a shop 

window or automatic door. Arcades with shop window and arcades with automatic door 

are classified into the same type; that is because shop window and automatic door are 

both made of glazed material, there is no noticeable difference between them in terms 

of visual effect for pedestrians viewing it (see Figure 8.1-3). The only difference between 

them is that an automatic door is powered open and closed along using electricity, while 

the entrance with shop window is open or closed by pushing, pulling or sliding by 

pedestrians themselves.  

Figure 8.1-2 The elevations and a current photograph of B1 
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Appearance 

    Arcade 

The width of arcades was between 3 and 3.8 metres, which complied with legal 

requirements26 in Taipei. 69% of arcades provided 3.5 metres for pedestrians. In 

terms of the ground level of arcades, 70% of that was with the same level as the 

pavement, and there was no gap between the arcade and street or pavement, 

whilst 30% were one to two steps higher than the street or pavement, so there 

was an elevation difference as a border between the ground level of arcades and 

street or pavement level.  

Related to the nature of arcades, row and semi-detached are the dominant forms 

found in B1. Both forms need more continuous spaces within blocks than 

detached forms, therefore most of B1 were found occupying almost whole blocks 

along the street sides from the pattern shown in the map (Figure 8.2-1). 

Consequently, pedestrians can benefit from this distribution pattern, where 

arcades provide more continuous shelter than other types. 

    Shop window or automatic door 

When it comes to the inner frontage of arcades, 82% was combined with shop 

windows or automatic glass doors to display their products and attract customers. 

This was related to its land use pattern, up to 98% of arcades on the ground floor 

were used for shops, and the remainder were for purely residential use. Another 

18% of the inner interfaces were sliding doors, which can be removed to open up 

completely to allow entrance to the public (see Figure 8.1-4) and were locked in 

place (usually with an iron shutter) at night for security. 

Contents  

There were 67% of arcades providing totally clear walkable space without any obstacles. 

However, there were still 17% of shop owners (on the ground floors) placing tables or 

 

26  The minimum width of an arcade was 2.65 metres applied to the buildings constructed in Taipei before 
the year 1937 according to Building Regulations of Urban Plan (repealed in 1964). The latest requirement 
is at least 3.64 metres wide according to Regulations on Land Use Zoning Control in Taipei City 2011, reg 
91.  
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chairs in the arcades, and 12% taken up by stalls or shop exhibits, while another 12% were 

occupied by mopeds, and 11% of that given over to planters (as Figure 8.1-4 shows). 

Generally speaking, B1 provides the most walkable space for pedestrians out of all the 

interface types.                         

 

 

  

Figure 8.1-3 Left: automatic door; right: shop window with pull and 
push entrance door 

Figure 8.1-4 Left: B1 for commercial use; right: B1 for pure residence 
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B2L: Balcony, awning and wall with large front space 

This interface type is composed of three interface elements: balcony, awning (an iron 

sheet is more common than a canvas one) and wall, and enclosed within a large front 

space of a building. Balcony is the first layer projected from the main building, an awning 

is the second layer attached to the balcony (or directly under it); and a wall with gate is 

the third (external) layer of the interface space to both from this closed front space and 

distinguishes the public and domestic realms completely .    

Appearance 

    Balcony 

The width of a balcony was 1 metre and the width of an awning was 2.5 metres, 

where the sum of them (3.5 metres) was exactly equal to the average width of 

front space.  

 

    Awning 

The awning perfectly covers the front space and is long enough to connect with 

the top of the high wall. The majority of awnings were made of iron sheets. As a 

result, the privacy and the sense of belonging of the front space is high but the 

lighting or ventilation is weak. 

 

    Wall 

Over 95% of walls were high walls, where their height was over the average eye 

level of around 1.6 metres but not exceeding 2 metres to comply with the 

Figure 8.1-5 The elevations and a current photograph of B2L 
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Principles of Wall Setting in Building Site in Taipei City, 2012. Regarding the 

characteristics of high walls, 40% were Wall Type1 which cars are unable to park 

in (Figure 8.1-6, for the detailed information refer back to p.136, F-33. Wall in 

Section 4.2.2), whilst 50% were Wall Type2 (Figure 8.1-7) which cars are able to 

park in through rolling shutters (see Figure 8.1-8, but it does not mean that every 

one of this kind of front space was occupied by cars in actual use). 

 

    Front space 

In terms of the measurement of B2L's front space, its width was between 2 and 

5.5 metres (3.6 on average); its length was various, and the range was from 4.5 

to 17 metres (7 on average). The average area of B2L's front space was 26 

square metres (3.6 by 7), which is spacious enough to park a car.  

  

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
Contents 

Most of the front space can be regarded as the extension of the indoor room. For instance, 

residents pile up their domestic stuff or appliances in the front space, or hang out clothes 

Figure 8.1-8 Wall Type2 and current use for parking 

Figure 8.1-6 Elevations and a photograph of Wall Type1 

Figure 8.1-7 Elevations and a photograph of Wall Type2 



272 

 

to air (see Figure 8.1-9). What is more, some of the front spaces are even reconstructed 

or converted into semi or totally private indoor rooms illegally as Figure 8.1-10 shows, so 

that they are no longer able to be parked in. 

Based on the measurement of front space area and the entrance type, even though there 

were about 50% of front spaces that were parkable, only 30% of front spaces were used 

for parking. That is not because 20% of those front space owners did not have private 

vehicles, on the contrary, there were still around 70% of residents parking their vehicles 

in lanes near their houses. It implies that some residents have parkable front spaces, but 

they park their private vehicles on the streets. This phenomenon is related to the illegal 

reconstruction issue mentioned above and the other common transport issue: weak 

restrictions of street parking, which has been addressed by the government and clamping 

down on illegal street parking has been one of the main transport policies (Department 

of Transportation, Taipei city government, 2015-2017). Regarding planting, 42% of 

residents living in B2L planted or put planters in the interface space (see Figure 8.1-9). 

 

 
 
 
 
 
 
 

 

Interface use 

This interface type has a strong degree of private territory. It is difficult for pedestrians to 

either notice or perceive the activity happening in the front spaces or have social 

Figure 8.1-9 Domestic use (storing personal stuff, hanging clothing) and planting in actual use 

Figure 8.1-10 Illegal reconstruction converted into a semi or totally indoor room, even with air-conditioning 
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interactions with residents living inside. Associated with this, up to 88% of these buildings 

have their ground floors used for pure residence, the rest were used for less intense 

commercial activity, such as cafés, small-scale private after-school learning centres, 

offices or studios. The gate is open wide or the shutter is rolled up, or even the solid door 

is changed to railings which have higher transparency during opening hours when the 

ground floors were used as shops (cafés in particular, see Figure 8.1-11). Generally 

speaking, B2L is not very attractive for pedestrians because of the wall types, but it 

provides good security and privacy for residents.  

 

 

 

 

 

B3L: Canopy and wall with large front space 

This interface type is composed of two interface elements: a canopy and wall, and 

enclosed within a large front space of a building. The canopy is the first layer attached to 

the main building; walls with a gate is the outer layer of the interface space to significantly 

distinguish public and domestic realms from this closed front space.     

Figure 8.1-12 The elevations and a current photograph of B3L 

Figure 8.1-11 B2L used for restaurants or cafés: a partial wall is opened up for customers. 
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Appearance 

    Canopy 

Regarding the scale of a canopy, it is used to cover the whole front space for better 

protection from rain or sunshine; as a result, the measurements of canopies are 

almost the same as (or slightly over) the measurements of front spaces. Besides 

this, 72% of B3L’s canopy was made of light-permeable plastic, which can provide 

good protection against bad weather, and also allow light through it without 

making the yard too gloomy (see Figure 8.1-13), whilst only 28% of B3L’s canopy 

was made of iron sheets.  

 

    Wall 

Up to 81% of walls in B3L were high walls. The most representative type is Wall 

Type1 (about 60% of all wall types), whilst Wall Type2 is the second most popular 

with about 20% of all wall types, which can allow car parking within it. 

 

    Front space 

The size of front space of B3L is varied, and there is no common scale of front 

space in B3L; for example, the width of its front space could range from 1.5 to 7.5 

metres, whilst its length was from 2 to 12 metres, and the front space area was 

between a minimum of 5 square metres to a maximum of 55 square metres. Every 

front space has capacity for at least two mopeds to park inside, even though there 

is a large range between them. In terms of average measurements, the average 

width, length and area of front space was 3.5 metres, 6.5 metres and 24.1 square 

metres respectively, whose size is merely enough to park one car in. In fact, 66% 

of the front space area in B3L was spacious enough to park a car in (but it is not 

always used for this purpose in reality, as in B2L introduced above). 

Figure 8.1-13 The effect of a light-permeable canopy and the current uses for residence and restaurants.  
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Contents 

Parking condition is related to its wall types. When it comes to different wall types, there 

were only 3% of Wall Type1 used for moped parking (none of them for car parking) 

because cars cannot enter via this kind of entrance door. Conversely, there were up to 

97% of front spaces with Wall Type2 used for car parking. Overall (including both wall 

types), only a third of front spaces were used for parking, although two-thirds of them 

were spacious enough to park a car in. That is, for those parkable front spaces, only half 

of them were used for parking. There is not an issue if the residents living in the front 

spaces without car parking do not have private vehicles (cars or mopeds). However, the 

truth is, according to questionnaire results, 85% of respondents have private vehicles and 

66% usually park their vehicles on the streets. That is to say, of those private vehicle 

owners who also have a parkable front space, a certain number of them park their private 

vehicles on the streets instead. This phenomenon is the same as B2L mentioned before 

and also shows that illegal on-street parking is an issue in the study area. What is more, 

a substantial majority of B3L and B2L are located along service roads under 7 metres wide, 

therefore the pedestrian space is affected as the street is also occupied by parked private 

vehicles. Hence, the next few chapters will specifically discuss the relationship between 

these kinds of interface space and their related travel activity (especially walking 

behaviour).  

For planting, 52% of front space had plants or planters. There was only 3% of front space 

which had tables and chair placed in it when the ground floors of these buildings were 

used for the commercial purposes (restaurants in particular, see Figure 8.1-13).  

Interface use  

84% of dwellings with B3L were built for pure residence and only 16% of them were mixed 

with commercial use (ground floors are used as shops, whilst first floors and above are 

used for residence only). This high percentage of pure residence is likely to be associated 

with wall types, where high walls provide a good protection of privacy, which is probably 

the main concern for the majority of residents. 
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B4L: Canopy, sliding door, shutter and stairs with large front space 

This interface type is composed of four interface elements: canopy, sliding doors, iron 

shutter and stairs (some stair rooms are open without doors, but others are shut with 

doors), and enclosed within a large front space of a building. Canopy is the first layer 

attached to a main building, where sliding doors, iron shutters and stairs are the types of 

its façade and entrance. What is more, the combination of sliding doors and iron shutters 

is particular for ground floor users whilst stairs are the communal entrance for residents 

living on upper floors. There is no strong distinction between public and domestic realms 

in the front space, where it can be defined as a semi-private space as it is within the 

property line but also accessible to pedestrians. 

Appearance  

    Canopy 

The measurements of canopies are exactly the same as that of front spaces as the 

main purpose of using them is to cover front spaces and to protect front space 

from bad weather. Consequently, the typical size of a canopy was 2.7 metres in 

width by 6 metres in length, and about one floor high. Related to the dominant 

forms the canopies are adjacent to, which were either row or semi-detached 

houses, B4L’s canopies are able to provide continuous shelter for pedestrians. In 

terms of the material, it is different from B3L; most of the canopies (about 60%) 

of B4L are made of iron sheets yet the rest of them are made of light-permeable 

plastic. As a result, the space under the canopy is generally quite gloomy and, in 

this sense, not appealing for pedestrians, although it does provide shelter.  

Figure 8.1-14 The elevations and a current photograph of B4L 
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    Sliding doors and iron shutters 

There are two common sliding door types found in the observation area (see 

Figure 8.1-15): one is an aluminium frame with glazed main body (usually used 

for commerce); the other one is an aluminium frame with netted body (usually 

adopted by residents because it is not as transparent as a glazed one). Both of 

them are light penetrable, and especially the latter one is also air penetrable 

which is particularly suitable for Taiwan’s hot and humid climate in the absence 

of air conditioning.  Around a quarter of sliding doors of B4L are even removed to 

fully open up for customers during opening hours. Sliding doors of B4L are also 

combined with iron shutters, which are hanging from overhead rails of sliding 

doors in order to provide protection at the same time. Iron shutters are usually 

rolled up for entrance during the daytime and shut during the night or when it is 

closed. 

   Stairs 

The staircase room is a communal entrance for residents living above the ground 

floor. Around half of them are totally open without entrance doors (Figure 

8.1-16), but the other half can be locked (with entrance doors). 

    Front space 

The width of front space was between 2.3 and 5 metres (2.7 metres on average); 

the length of that was from 3.5 to 11 metres (the average was 6 metres). The 

range of front space area of B4L was from 9 to 55 square metres (17 square metres 

on average), so most of them had a capacity of several mopeds but not a car.  

Figure 8.1-15 (Left) glazed sliding doors; (right) 
netted sliding doors. Figure 8.1-16 Open staircase room 
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Contents 

Almost the entire front space was full of obstacles, including private vehicle parking, stalls, 

store exhibits etc. For example, 60% of B4L’s front spaces were occupied by stalls, shop 

owners’ equipment, tables and chairs, or clothing hung out by residents. Moreover, 82% 

of front space was taken up by mopeds. There were also up to 68% of B4L which had 

planters placed on it. This kind of interface space was supposed to be pedestrian friendly, 

but the fact is, only 10% of the interface spaces were spacious enough for pedestrians 

without any obstacle, e.g. stalls and parking mopeds. The net width of walking space of 

most of B4L was only between 0.5-1.5 metres when discounting the space occupied by 

the obstacles mentioned above. 

Interface use 

The typical use pattern (about 75% of B4L) is commercial use on the ground floor and 

residential use from the first floor (see Figure 8.1-17). For practical purposes, the shop 

frontage consists of glass sliding doors, which can be removed to open up completely to 

allow entrance to the public during opening hours, and locked (usually with an iron 

shutter) for security when the shop is closed. The popular commercial types are catering 

or daily life related businesses, such as small-scale eateries (noodle shops), cafés, 

Taiwanese bistros, laundries and grocery stores. The residents who live above the first 

floor have communal entrances (directly linked to staircases) on the ground floor.  

  

Figure 8.1-17 B4L in actual use 
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B5L: Balcony and wall with large front space 

This interface type is composed of two interface elements: balcony and wall, and enclosed 

within a large front space of a building. The balcony is the first layer projected from a main 

building; and a wall with a gate is the outer layer of the interface space to both shape this 

closed front space and significantly separate the public and domestic realms. B5L becomes 

B2L when an awning is added to B5L. That is, in terms of permanent construction, B5L and 

B2L are the same type (because an awning is a temporary attachment which can be removed 

from the building structure). However, for the immediate effect, they are different because 

the awning of B2L can provide a wider shelter than B5L. 

Appearance  

    Balcony 

There were four width sizes of B5L’s balcony: 0.5, 0.7, 1 and 1.5 metres; the 

percentages of these sizes were 9%, 15%, 57% and 19% respectively. As a result, 

a large majority of balconies are over one metre wide and are able to provide 

reasonable shelter. Having said that, the shelter from a balcony is not as complete 

as that from an awning or canopy. It might explain why the object number of B2L 

(B5L plus awning) was more than that of B5L (in fact B2L was the most popular 

interface type), because residents can attach an awning to the main building 

structure to seek the best shelter and privacy protection. 

 

   Wall 

Up to 92% of walls in B5L were high ones. Besides this, Wall Type1 (the high wall 

with solid door gate) was the most dominant type with nearly 80% of all high walls, 

Figure 8.1-18 The elevations and a current photograph of B5L 
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and Wall Type2 (the high wall with both solid door gate and shutter) was ranked 

number two; in other words, there are nearly three Wall Type1 for every four 

walls in all the buildings with B5L. Concerning dwarf walls, the kind of 

combinations of dwarf walls and other interface elements is varied but the 

number of every kind is less than three objects. These kinds for example are dwarf 

walls with railings, low hedges, low wing hedges, etc. (for the illustrations of these 

types, please refer to Figure 4.2-34). 

    Front space 

The width of front space was between 2 and 7 metres (the average being 4 

metres); the length was from 4 to 15 metres (the average being 8 metres).The 

front space area range of B5L was varied from 10 to 84 square metres (the average 

being 32 square metres), and almost all the front space of B5L has a capacity to 

park a car or several mopeds in terms of front space scale. However, the real 

availability of parking depends on the entrance wall types (for example, residents 

cannot park cars inside via Wall Type1). 

Contents 

Slightly over a third of B5L was occupied by cars owing to the fact that about two thirds 

of B5L was composed of Wall Type1, which is not designed for cars entering.  

Regarding planting, there was up to 92% of front space landscaped by tree planting, 

placement of planters or pots, and creepers climbing (Figure 8.1-19). What is more, 

around a third of B5L’s external wall panel was covered by climbers, which are regarded 

as a gift to streets, and a positive factor in encouraging people to walk in terms of the 

aesthetic aspect (Alexander et al, 1977: p.1137; Bobić, 2004). There was no canopy or 

awning covering B5L’s front space, so B5L is more visually open to pedestrians, who are 

more likely to appreciate the greenness. Besides this, compared to B2L, because of the 

Figure 8.1-19 Examples of the current planting condition in B5L 
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planting, B5L provides a relatively softer barrier, where in Bobić (2004)’s words, people 

enjoy this ambiguous but interesting relation between the private and public domain.  

Interface use 

Similar to the interface characteristics of B2L, this interface type also has a strong degree 

of private territory. It is difficult for pedestrians to either perceive the activity in front 

spaces or have social interactions with residents living inside. Related to that, the use 

pattern of B5L is almost the same as B2L. For example, up to 88% of these buildings’ 

ground floors were used for pure residence, and the rest were used for less intense 

commercial activity, such as cafés, small-scale private after-school learning centres, 

offices or studios. The gates are open wide or the shutters are rolled up, or even the solid 

gated doors are changed to railings which have higher transparency during opening hours 

when the ground floors are used for commercial use (cafés in particular). 
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B6-1: Overhang 

This interface type is composed of only one interface element: overhang, which is the 

only layer projected from a main building, and directly adjacent to streets without any 

setback or buffer space. In terms of function, overhang is able to provide shelter, but the 

shelter effect is more limited and less continuous than an awning. The range of shelter 

sizes is usually confined to the measurement of the entrance because the overhang is 

normally designed to merely cover the entrance, according to fieldwork observation. 

Therefore, pedestrians or residents can only shelter themselves from bad weather by 

standing directly under the overhang instead of continuing to walk.  

Appearance  

    Overhang 

The measurement of the overhang varied from 0.3 to 1.5 metres in width. The 

average width was 0.6 metres, whilst about half of overhangs were 0.5 metres 

wide, and 22% were 0.3 metres wide. That is, the percentage of overhangs over 

one metre which can shelter better was 16%, less than a fifth of the total. 

Consequently, generally speaking, the shelter that B6-1 provides is relatively 

weaker than other sheltered interface types. In length, the measurement of the 

overhang was between 2.5 and 3.5 metres, which essentially follows the width of 

the entrance door.  

 

    Transition 

Figure 8.1-20 The elevations and current photographs of B6-1 
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When it comes to the typological details of B6-1, the types of transition or 

doorway where the building’s vertical frontage meets the street’s horizontal 

surface, 61% were directly adjacent to streets without any buffer, whilst 39% were 

combined with the interface elements from ambiguous divider groups or 

transition point groups, such as raised platforms, ramps or steps, in order to both 

buffer the domestic realm from the street and also to avoid vehicles parking 

outside the dwellings in front of the entrance. Having said that, these transition 

structures are illegal and defined as road obstacles by Act Governing the 

Punishment of Violation of Road Traffic Regulations 2016 article 82, because they 

are in the roads, the public land. As a result, the measurements of these extension 

objects are not big; for example, their width is up to 1.5 metres, their length is 

usually the same as the width of the entrance door, and their height is normally 

one to two steps high. According to fieldwork results, 27% of B6-1 had a ramp, 

whose width was between 0.3 and 1.5 metres and it was at a slope of 10 degrees, 

and 12% of B6-1 had a raised platform (about one step high) in the doorway as 

Figure 8.1-21 shows.  

Contents 

There is no setback space in this interface type, i.e. the building frontage is directly 

connected to the street. However, speaking of the actual use, in addition to a specific 

building structure, e.g. raised platform or steps as mentioned before, a planter or flower 

pot is the other common road obstacle placed illegally in the transition area to stop 

people parking in front of the entrance in Taiwan (also reported by Law Affairs 

Department, New Taipei City Government, 2016). There was 16% of B6-1’s transition that 

Figure 8.1-21 The transition types in B6-1 
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had planters placed by residents in it, and only 12% of doorways were occupied by 

mopeds, both of which are illegal. 

Interface use 

B6-1 is used by residents who live above the ground floor as a communal entrance to 

their dwellings. Semi-detached and row flats or condominiums are the main building 

types (see Figure 8.1-22), as a result, B6-1 is usually horizontally combined with other 

interface types, especially the following types:  

These five interface types constituted 60% of B6-1’s adjacent interface spaces, especially 

E2; among all the adjacent interface spaces, there was one E2 for every five buildings. 

In terms of land use of each adjacent interface type, the ground floors of E2, B9 and D1 

were all used for commercial services, whilst B7-2L and B2L were both usually used for 

pure residence. Overall, 35% of B6-1 was combined with residential use, and 60% was 

combined with residential and commercial mixed use. Others were associated with 

religious or medical use.  

B6-1 is a prototype of the following types starting with B6-; in other words, the B6- 

interface types are the combinations of B6-1 and other front space scale and other 

interface elements. For instance, B6-1L is B6-1 which has a large front space, and B6-2L is 

B6-1 which has walls and a large front space.  

  

Figure 8.1-22 The common adjacent interface types (in order from left to right) 

E2: signboard; B7-2L: awning and wall with a large front space;  

B2L: balcony, awning and wall with a large front space;  

B9: awning and sliding doors with shutters; D1: alcove and shop windows/automatic doors 
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B6-1L: Overhang with large front space 

This interface type is composed of only one interface element: an overhang, which is the 

first layer projected from a main building, and also contained in a large front space. The 

partial physical (typological) characteristics are similar to B6-1, the significant difference 

being that B6-1L has a large front space. 

Appearance  

    Overhang 

The measurements of the overhang were various, especially in terms of width, for 

example the range was from 0.5 to 3.5 metres. The average width of the overhang 

was 1 metre, which is unable to provide good shelter, whilst around half were 

over 1 metre wide. In terms of length, the measurement of the overhang basically 

follows the width of the entrance door, so most of its length was between 2.5 and 

3.5 metres, only a few objects’ overhangs were around 6 or 7 metres long. 

Therefore, in general, the shelter from an overhang is slightly bigger in B6-1L than 

in B6-1.    

 

    Front space 

The measurements of front space were various as well. The width of front space 

was between 2 and 7 metres (the average was 3.5 metres); the length was from 

2 to 15 metres (the average was 3.5 metres). The front space area range of B6-1L 

was from 4 to 90 square metres (the average was 14.5 square metres), so the 

capacity could be from a few mopeds to a few cars. Having said that, if just 

considering the measurements (not including content) of front space, there were 

only about 20% of B6-1L in which it was possible to park a car, and most others 

Figure 8.1-23 The elevations and current photographs of B6-1L 
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could only have mopeds parked in them. Moreover, because of the space limit, 

the real function of front space of B6-1L is more like an outdoor hall, which is used 

as a transition point for entering the domestic realm from outside.  

 

    Transition 

Between the doorway and street line, i.e. the appearance of front space, 50% of 

B6-1L were combined with raised platforms, ramps or steps (elements of 

ambiguous dividers or transition point groups). The measurements of these 

interface elements are nearly the same as front space (or sometimes they slightly 

extend beyond the street line) and about two to four steps high; that is, the level 

of front space (or the ground of a building) is lifted by raised platforms, ramps or 

steps (see Figure 8.1-24). The front space surface is usually made of concrete or 

tiles.   

   

 

 

 

 

 

 

 

 

Contents 

Due to the space limit, there was a relatively higher percentage (63%) of B6-1L without 

any private vehicle parking in the front space compared to the other types, and there was 

no landscaping (tree, planter or pot) in 54% of B6-1L’s front space. The front space of B6-

1L is more like an extension of the entrance, not a proper front yard. For those where the 

front space was parkable for vehicles, over 80% was occupied by mopeds only rather than 

cars. 

Interface use 

Almost all B6-1L were used as a communal entrance for residents living above the ground 

floors of flats or condominiums to access their dwellings. Only a few objects were 

Figure 8.1-24 The appearance of B6-1L’s front space 
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detached buildings, the ground floors of which were used by companies or public 

institutions.   

Because semi-detached and row flats/condominiums were the main building types (see 

the figures below), B6-1L was usually horizontally combined with other interface types, 

especially with B2L, B3L and B5L, which constituted 60% of B6-1L’s adjacent interface 

spaces (around 20% for each type). 

In terms of land use of each adjacent interface type, the ground floors of B2L and B5L 

were both mainly (over 90%) used for pure residence, while 60% in B3L was connected 

to B6-1L which was used for commercial services, particularly catering businesses. Overall, 

54% of B6-1 was combined with residential use, and 46% was combined with residential 

and commercial mixed use.  

  

Figure 8.1-25 The common adjacent interface types (in order from left to right)  
B5L: balcony and wall with a large front space; B3L: canopy and wall with a large front space;  
B2L: balcony, awning and wall with a large front space; 
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B6-2L: Overhang and wall with large front space 

This interface type is composed of two interface elements: an overhang, which is the first 

layer projected from a main building, and wall, which is the outer layer enclosing a large 

front space and significantly separating the public and domestic realms. In terms of 

physical (typological) characteristics, this type is similar to B6-1L, except the main 

difference between B6-1L and B6-2L is that B6-2L has walls.  

Appearance  
 

    Overhang  

The width range of the overhang was between 0.5 and 3.5 metres (average width 

was 2.4 metres). Almost every overhang was over one metre wide and the width 

was about the same or around 0.5 metres longer than the front space in order to 

provide better shelter, except one object was 0.5 metres wide. In terms of length, 

all the B6-types had an overhang that generally follows the width of the entrance 

door, measuring between 2.5 and 3.5 metres. Overall, the shelter area was slightly 

bigger in B6-2L than in B6-1L (because the width was wider in B6-2L).  

 

    Wall type  

Over 90% of B6-2L’s walls were high walls, and the other less than 10% were dwarf 

walls combined with low hedges and railings. Among these high walls, the most 

represented type was Wall Type1 with up to 85%, whilst 15% of them were Wall 

Type2. What is more, some overhangs were structurally built up with Wall Type1 

in the front entrance to form a peculiar construction (similar to the illustration of 

B6-2S, Figure 8.1-28). 

Figure 8.1-26 The elevations and current photographs of B6-2L 
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    Front space 

Essentially, the measurements of front space in B6-2L were similar to that in B6-

1L, especially the area of front space; the width of front space was between 2 and 

5 metres (the average was 3 metres); the length was from 2.5 to 12 metres but 

about half were 2 metres (the average was 4.3 metres). The front space area range 

of B6-2L was varied from 4 to 56 square metres (the average was 14.2 square 

metres), so similar to B6-1L, the capacity of B6-2L’s front space was also varied 

from a few mopeds to a few cars. Having said that, if only taking measurements 

into account (without wall types), there were 24% of B6-2L which were car-

parkable, and the others (76%) can only accommodate parked mopeds. As 

mentioned before in B6-1L, because of the space limit, most of these front spaces 

functioned more like outdoor halls as transition areas. The main difference 

between B6-2L and B6-1L is the presence of walls, thus B6-2L is more private than 

B6-1L in terms of spatial characteristics.     

 
Contents 

There was a high percentage (up to 90%) of B6-2L without any private vehicle parking in 

the front space (owing to the space limit and the types of entrance), whilst one 

observation with Wall Type1 had a parked moped in it and one with Wall Type2 was 

occupied by a car. Besides this, the percentage of front space planting was relatively 

lower with 28% among all final interface types, and most of these plants were potted 

plants rather than trees.  

Interface use 

As in the B6-types presented above, almost all of B6-2L were used as a communal access 

to dwellings above the ground floors of flats or condominiums, except one building which 

was a three-storey detached single family house.  

Overall, slightly over half of B6-2L was combined with buildings purely used for residence, 

and the other nearly half was combined with commercial use on the ground floors. 

Related to that, around 50% of B6-2L were horizontally combined with walled interface 

types, which were B2L, B3L, B5L, B6-1L, B7-2L, and F1L, especially B3L was the main type 
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with 25% out of all the buildings connected with B6-2L 

(Figure 8.1-27). What is more, among these adjacent spaces 

with walls (B2L, B3L… and F1L), up to 88% of them were used 

for residence.  

  
Figure 8.1-27  B3L, the main 
interface type connected to B6-2L 
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B6-2S: Overhang and wall with small front space 

This interface type is composed of two interface elements: an overhang, which is the first 

layer projected from a main building, and wall, which is the outer layer enclosing a small 

front space and significantly delineating the public and domestic realms. In terms of 

physical (typological) characteristics, the significant difference between it and B6-2L is 

the size of their front spaces. 

Appearance  

    Overhang 

The width of the overhang was between 0.5 and 2 metres, and around half of 

overhangs of B6-2S were exactly 0.5 metres wide. The average width was 0.8, and 

the majority (50%) of overhangs were under one metre wide. Like other B6-types, 

the length of overhangs in B6-2S were comparable with the width of the entrance 

door of about 2 metres.  

 

    Wall 

All B6-2S had high walls, which were evenly divided into two types: 1) Wall Type1, 

and 2) a peculiar type which is structurally built up with an overhang and Wall 

Type1 simultaneously (see Figure 8.1-28 above). The second type was also found 

in B6-2L, except that the measurement in B6-2S is smaller. 

 

    Front space 

This front space is directly connected with a staircase room leading to dwellings 

above the ground floor (there is no residence on the ground floor). Thus, in terms 

Figure 8.1-28 The elevations and current photographs of B6-2S 



292 

of function, the front space in B6-2S is more like a passage for residents, rather 

than a place where they can stay. Related to that, the measurements of front 

space in B6-2S merely covered the front entrance doorway. For example, the 

length was consistent with the width of the entrance door of about 2 metres, and 

the width was between 0.5 and 2 metres (the average was 1.7 metres). As a result, 

the front space area was between 1 and 4 square metres (the average was 2.8 

square metres), which could accommodate only a couple of bicycles. 

Interface use 

As mentioned above, B6-2S is used as communal access for residents to their flats above 

the ground floor. Thus, in general, the main use of adjacent buildings with B6-2S was pure 

residence, whilst around 40% of the adjacent buildings were connected to commercial 

use on the ground floor. Related to the land use characteristic, the common types of 

adjacent buildings were the interface types which have walls, nearly all of which were 

pure residence. To illustrate this, they were B2L, B3L, B5L, B7-2L and F1L. The types 

providing the best shelter with awnings or canopies were even more popular, such as B2L, 

which comprised 22% of all the adjacent buildings (see Figure 8.1-29).  

Contents 

Due to the space limit, the front space in B6-2S is too narrow to park private vehicles in. 

The planting rate was one of the lowest out of all interface types, where only 17.5% of 

B6-2S were landscaped with climbing plants on the walls. 

Figure 8.1-29 B2L, The main interface type adjacent to B6-2S 
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The following B7-types are comparable to their corresponding B6-types in terms of 

appearance and function; for example, B7-1: awning is similar to B6-1: overhang, B7-1L: 

awning with a large front space is similar to B6-1L: overhang with a large front space, and 

so forth. The key difference is that B7- types are the synthesis of awnings whilst B6-types 

are the synthesis of overhangs. The main difference between an awning and overhang 

for classifying is the structural difference that an overhang is a constructed part of a 

building whilst an awning is an attachment to a building frontage. That is, an awning is 

able to be used more flexibly, for instance, homeowners can change or design its material 

or size, and even remove or place it more easily than an overhang although they both 

share many similar characteristics. Therefore, the research retained the clustering result 

from K-means that determined that B7-types and B6-types were in different groups. 

However, in terms of fieldwork observation, an awning and overhang existed in some 

buildings concurrently. Awnings are almost always found offering bigger and more 

continuous shelter by being attached across the whole building frontage, not just above 

the entrance only, whereas overhangs usually only provide shelter above the doorway. 

What is more, an awning is even found above the overhang (for example see the left 

photograph in Figure 8.1-30). Thus, the interface which has both an awning and an 

overhang is classified into the B7- series types.   

 

B7-1: Awning 

This interface type is composed of only one interface element: awning, which is the only 

layer projected from a main building, and directly adjacent to streets without any buffer 

space. Generally, awnings provide better shelter than overhangs. However, from the 

Figure 8.1-30 The elevations and current photographs of B7-1 
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fieldwork, the shelter range of an awning is usually confined to cover the entrance 

doorway in B7-1. 

Appearance  

    Overhang 

The measurement of awnings of B7-1 in width was from 0.5 to 3.5 metres (the 

average was 0.8 metres). Slightly over half of awnings were 0.5 metres wide. The 

percentage of awnings over one metre, which can shelter better, was less than a 

fifth (16%). Hence, generally speaking, the shelter B7-1 provides is relatively 

weaker than other sheltered interface types. In length, the measurement of B7-

1’s awnings was between 2.5 and 3.5 metres, which basically follows the width of 

an entrance door. In terms of material, nearly 90% of awnings were made of light-

permeable plastic, and the rest were canvas.  

 

    Transition 

A large proportion of B7-1 was directly connected with streets or pavements, 

without any buffer object, whilst only around 10% of B7-1 were connected with 

small-scale platforms, where their sizes were 0.5-1.5 metres wide by 2.5 metres 

long with one step in the doorways. 

 

Contents  

Although parking is not available in B7-1 since there is no setback space in the transition 

area, 8% of its doorways were occupied by illegal parked private vehicles observed during 

fieldwork. The percentage of planting in B7-1 was one of the lowest among all the final 

types with 11%, and owners placed planters in the transition areas, which are actually 

parts of streets, so the placement of planters is illegal in this case.  

Interface use 

The interface use of individual B7-1 is highly related to the building function it belongs to. 

For example, all the B7-1 in single family houses or in traditional houses was used for pure 

residence; whilst all the B7-1L in temporary houses was used for pure commerce. As for 
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B7-1 in flats, like the B6-series types mentioned before, B7-1 is a communal entrance to 

flats, as a passage for residents to access their dwellings. Related to that, the majority 

(60%) of B7-1 used as communal entrances were horizontally connected with residence 

and the rest were adjacent to the interface where ground floors were used for shops. 

However, the real land use of B7-1 was inconsistent with the statements from the 

literature review that an awning is conventional for retail use because of its protection 

for customers, and the pattern as well as colours of canvas may visually enhance the 

attractiveness to pedestrians (Bobić, 2004; Turner et al, 2006). The inconsistency that B7-

1 was mainly for residence might be caused by the difference of the material of the 

awning. The material of awnings used in B7-1 were mostly dull plastic in a plain colour, 

instead of higher quality and colourful canvas (only 10% of B7-1 were canvas awnings).  

Corresponding to the interface use characteristic, walled interfaces were the main types 

horizontally connected to B7-1, and around one third of these walled types were 

composed of B2L as B2L has a greater sense of security and privacy, and the other third 

was composed of B3L, B4L and B5L. Besides this, B9 and E2 were the interface types found 

adjacent to B7-1 for commercial use.   

 

 

 

B7-1 is a prototype of the following types starting with B7-; in other words, the B7- series 

interface types are the extended combinations of B7-1 and other interface elements or 

with different front space scale (the same logic applied in B6-types introduced before). 

For instance, B7-1L is B7-1 which has a large front space, and B7-2L is B7-1 which has walls 

and a large front space, and so on.  

  

Figure 8.1-31 The main interface types connected to B7-1: 
Left: B2L with 31.5% out of all the adjacent buildings 
Right: B9 with 26% out of all the adjacent buildings 
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B7-1L: Awning with large front space 

This interface type is composed of only one interface element: awning, which is the first 

layer projected from a main building, and also contained in a large front space. The 

typological characteristics are similar to B7-1, the significant difference is that B7-1L has 

a large front space. It is also similar to B6-1L, the difference being an awning instead of 

an overhang.   

Appearance  

    Awning 

The measurements of awnings were varied basically depending on the size of 

front space as the main purpose of them is to provide shelter in front spaces. To 

illustrate this, in terms of width, the range of awnings in B7-1L was from 0.5 to 4.5 

metres. The average width of awnings was 1.5 metres, and 57% of B7-1L’s awnings 

were over 1 metre wide, which is able to provide better shelter. In terms of length, 

it at least covers the entrance doorway, measuring 2 metres or more, and some 

awnings were even exactly as long as the length of front space, up to 14 metres. 

However, 2 metres long was still the most popular scale, accounting for 67% out 

of all length measurements. In terms of material, a large proportion of awnings in 

B7-1L were made of cheap material like plastics or iron sheets, and only 14% were 

canvas. This might be related to its interface land use characteristics described 

below.  

 

 

 

Figure 8.1-32 The elevations and current photographs of B7-1L 
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    Front space 

The measurements of front space were varied as well. The width of front space 

was between 1.5 and 6.2 metres (the average was 2.9 metres, and 2.5 metres was 

the mode number); the length was from 2 to 23 metres (the average was 4 metres, 

but 67% of the front spaces were 2 metres long). The front space area range of 

B7-1L was from 4.4 to 138 square metres (the average was 14.25 square metres), 

so the capacity of that could be from a few mopeds to a few cars. Having said that, 

if just considering the front space size, there were only about 17% of B7-1L which 

were car-parkable, and most of the others only had space for parking mopeds in. 

Moreover, because of the space limit, the real function of most front space (86%) 

of B7-1L was more like an outdoor hall, which is used as a transition point for 

entering the domestic realm from outside instead of staying to partake in some 

activities.  

 

Concerning the design of front space, the area between the doorway and the 

street line, most of this was just pure concrete setback without any landscaping. 

Only around 10% of the front spaces were combined with raised platforms and 

20% of the front space’s surface was designed with tiles (see Figure 8.1-33). Both 

of these changed texture or level of the front space from the street surface, which 

can indicate a softer and more pleasing defined territory between the public and 

private area compared to concrete setback, which is the benefit of changing 

texture or level claimed by Bobić (2004).  

 

 

 

 

 

 

 

Figure 8.1-33 The design of B7-1L’s entrance 
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Contents 

The parking situation in B7-1L is similar to that in B6-1L. For example, about the same 

percentage of private vehicle were parked in the front space, which was 28.5%, a 

relatively lower percentage out of all interface types due to the space limit. For those 

where the front space was vehicle-parkable, over 80% were occupied only by mopeds but 

no cars. However, the percentage of landscaped (trees, planters or pots) B7-1L’s front 

space was also relatively lower than other final interface types, at around 26%. The front 

space of B7-1L is more like an extension of the entrance, not a proper front garden which 

residents can stay and spend time in for any kind of activity.  

Interface use 

Related to the result of B7-1L’s building type, almost all B7-1L was used as a communal 

entrance for residents to access their dwellings above the ground floor of flats or 

condominiums. The majority of B7-1L (63%) were connected with residence on either 

side, and the rest were connected with buildings whose ground floors were devoted to 

commercial or medical use, and residence for floors above ground level. Consequently, 

B7-1L were usually horizontally combined with walled interface types, such as B2L, B3L, 

B5L, B7-2L, and F1L; especially B2L made up a third of B7-1L’s adjacent interface spaces 

(see Figure 8.1-34).  

Figure 8.1-34  B2L, the main interface type connected with B7-1L 



299 

 

B7-2L: Awning and wall with large front space 

This interface type is composed of two interface elements: awning, which is the first layer 

projected from a main building, and wall, which is the outer layer enclosing a large front 

space and significantly separating the public and domestic realms. The key difference 

between B7-1L and B7-2L is that B7-2L has walls and the front space is bigger in B7-2L 

than in B7-1L overall.   

In terms of appearance and function, B7-2L is similar to B2L: balcony, awning and wall 

within a large front space, and sometimes they even look the same from street view. The 

structural difference is the main reason why they were classified into two different types. 

A balcony, an element of B2L, is structurally part of a main building construction and is 

difficult to remove. By contrast, an awning is a temporary attachment, which can be 

added or taken off relatively easily by homeowners. Therefore, if awnings are removed 

from both B7-2L and B2L, and then there will not be shelter provided from B7-2L but B2L 

is still able to give shelter from its balcony.  

Appearance  

According to the residents’ actual use of B7-2L, it can be divided into two sub-types: B7-

2L-1 is used as a communal entrance to dwellings from the first floor, and B7-2L-2 is a 

front garden belonging to residents living on the ground floor. These two types were 

introduced separately below since their measurements and other related characteristics 

are significantly different.  

Figure 8.1-35 The elevations and a current photograph of B7-2L 
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B7-2L-1: As a communal entrance 

The measurements of awnings of B7-2L-1 were almost the same as that of front spaces 

in this type, so the awnings were long enough to reach the top of the walls, shaping the 

front space more like an indoor room to provide best protection. The width of awnings 

was between 2 and 5 metres (average width was 2.7 metres). The length of awnings was 

from 2 metres (the normal entrance door width) to 5 metres, whilst the average length 

was 2.2 metres. In terms of material, almost every awning was made of light-

impermeable iron sheets, which makes the covered area look gloomy, except in one case 

which had a canvas awning.  

In terms of wall types, Wall Type1 was the only type existing in B7-2L-1. 

The measurements of front spaces of B7-2L-1 were nearly the same as that of awnings 

introduced above except the average width of front spaces was slightly longer, by 0.1 

metres, than that of awnings. The front space area range of B7-2L-1 was from 4 to 12.5 

square metres (the average was 6 square metres), so the capacity of this front space type 

was a few mopeds. Because of the wall type, awning type and the way they combined, 

the privacy of the front space in this type is good but the lack of lighting or ventilation 

makes it look quite gloomy. It might be related to its function: merely being an entrance 

for residents, rather than being designed to be attractive to pedestrians or customers. 

B7-2L-2: As a front garden 

The measurements of awnings in this type were also principally consistent with the 

measurements of their front gardens, but there were still about 15% of B7-2L-2’s awnings 

between 0.5 and 1.5 metres wide, which were narrower than their front garden size. The 

width of awnings was from 0.5 to 5 metres (average width was 2.7 metres). The length 

was from 4 to 18 metres (the average length was 7.7 metres). In terms of material, up to 

90% of B7-2L-2’s awnings were made of light-impermeable iron sheets too and the rest 

(less than 10%) were canvas.  

In terms of wall types, 94% of B7-2L-1 were high walls, and they were composed of Wall 

Type1 (44%), Wall Type2 (44%) and Wall Type 3 (6%, see Figure 8.1-37). The other walls 

were landscaped dwarf walls combined with fences or railings (refer to Figure 4.2-34).  
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The width of B7-2L-2’s front gardens was from 1 to 8 metres, with the average being 3.24 

metres, which was wider than that of awnings. The length of the front gardens was 

exactly the same as that of its awnings (refer above). The front space area range of this 

type was from 9 to 88 square metres (the average was 25 square metres, which was four 

times bigger than the front spaces in B7-2L-1 as entrances). If only considering the spatial 

capacity without the wall types, up to 85% of these front spaces were large enough to 

accommodate one parked car, whilst the others were at least able to provide space for a 

few parked mopeds.  

Similar to B7-2L-1 type, most of the front gardens are formed more like an extension of 

the indoor room rather than an open outdoor front garden owing to the way awnings and 

walls combined. Therefore, in general, the sense of privacy and security of this type is 

good but the lack of lighting or ventilation also makes it gloomy and less pleasing to 

pedestrians, except for a few buildings which have landscaped dwarf walls and canvas 

awnings, and the buildings were indeed used for commerce.  

In brief, the front space is much bigger in B7-2L-2 than in B7-2L-1 as B7-2L-1 is just a 

transition point. However, the measurements of awnings in both types are basically 

consistent with the measurements of their front spaces.  

Contents 

As B7-2L-1 is a communal entrance, there is neither private vehicle parking nor planting 

in the front space. When it comes to B7-2L-2, because of its typological characteristics, 

most of the front space is used as an extension of the indoor room; for example, residents 

pile up their domestic stuff or appliances in the front garden, or hang up airing clothes. 

Moreover, some residents converted their front gardens into semi-or totally indoor 

rooms illegally, which also happens to B2L and B3L, as this research pointed out before. 

However, there was still 40% of B7-2L-2’s front gardens which had planters placed on 

them or in which there were creepers climbing. 

Related to the wall types of entrance gates, only Wall Type2 can allow cars to park within 

it; consequently, there were parked cars in 36% of front spaces, and they all happened in 

the front spaces surrounded by Wall Type2.  
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Interface use 

As B7-2L-1 is just a communal access to flats above the ground floor, there is no particular 

use of the interface. However, slightly over half of B7-2L-1 (53%) was combined with 

buildings purely used for residence, and the others were combined with buildings whose 

ground floors were devoted to commercial use. Related to that, walled interface types 

were the main types found in those adjacent buildings to B7-2L-1, such as B2L, B3L, B5L, 

B7-2L, and F1L, especially B3L was the main type, at 40% out of all the buildings connected 

to B7-2L-1.  

On the other hand, 90% of B7-2L-2, the private front gardens of ground floor owners, 

were purely residential, which is somewhat related to its gate type. For example, B7-2L-

2 which has landscaped dwarf walls combined with fences or railings, is in each case used 

for commerce. 

Figure 8.1-36 B3L, The main type adjacent to B7-2L 

Figure 8.1-37 The current photograph and illustration of Wall Type3 
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B7-2S: Awning and wall with small front space 

This interface type is composed of two interface elements: awning, which is the first layer 

projected from a main building, and wall, which is the outer layer enclosing a small front 

space and significantly separating the public and domestic realms. In terms of physical 

(typological) characteristics, the key difference between it and B7-2L is the size of the 

front space. 

Appearance  

    Awning 

The measurements of awnings are exactly the same as that of front spaces in 

order to completely cover the front entrances. The width of awnings was between 

0.5 and 2.3 metres, and nearly all were over 1 metre wide, except one which was 

only 0.5 metres (the average width was 1.45 metres). Like other B6- and B7- types, 

the length of awnings in B6-2S was comparable to the width of the entrance door 

of about 2 metres. Related to the material, similar to other B7- types, over 90% of 

awnings were made of light-impermeable iron sheets.   

 

    Wall 

In terms of wall types, all of them were Wall Type1, and the tops of walls were 

always connected to awnings.   

 

    Front space 

The width and length of the front spaces were the same as that of awnings 

introduced above and the spaces were totally enclosed by awnings and walls. The 

Figure 8.1-38 The elevations and current photographs of B7-2S 
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area of a front space in B7-2S was between 1 and 4.6 square metres (and the 

average was 3 square metres), which was merely able to accommodate one or 

two bicycles. Comparable with B6-2S, this front space is directly connected to a 

staircase room leading to dwellings above the ground floor (there is no residence 

on the ground floor). Besides this, the combination of iron sheet awnings and high 

walls makes the space gloomy. Associated with those characteristics, the main 

function of it is to be used as a communal passage for residents, rather than a 

place where residents can stay.  

Contents 

Due to the space limit, the front space in B7-2S is too narrow to park private vehicles in. 

The planting rate was one of the lowest out of all interface types; only 9 % were 

landscaped with climbing plants on the walls. 

Interface use 

As mentioned above, B7-2S just serves as access to the flats above the ground floor, 

hence there is no particular use associated with it. Overall, the main use of adjacent 

buildings with B6-2S was pure residence, whilst 36% of them were connected to 

commercial use on the ground floor. Related to the land use characteristic, the most 

common types of adjacent buildings were walled interface types, such as B2L, B3L, B5L, 

B7-2L, and F1L and over 80% of these walled types were pure residences and the rest 

were a mix of residence and commerce. B2L is the most dominant type found among all 

the adjacent buildings at 40%.  

Figure 8.1-39 B2L, the main interface type adjacent to B7-2S 
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B8: Awning and ramp/step 

This interface type is composed of two interface elements: awning and ramp or step, 

where both are the first layer attached to a building frontage, and are directly adjacent 

to streets without setbacks. The difference between B8 and B7-1 is the ramps or steps 

which are the elevation between doorway and street level, so B8 has a slightly stronger 

sense of changing territory from private to public domain or vice versa compared to  

B7-1.   

Appearance 

    Awning 

The width of awnings was from 0.5 to 1 metre (the average was 0.85 metres), 

about half were 1 metre wide and the other 30% were 0.5 metres wide. However, 

the range of length varied depending on the land use on the ground floor. For 

example, the length of awning was from 2 to 6 metres (the average was 2.5) when 

B8 was used as a communal entrance, whilst the length was from 4.5 up to 22 

metres (the average was 7 metres) when B8 was the ground floor dwelling. 

Generally, the length was from 2 metres (the minimum merely able to cover the 

entrance doorway) to the whole building frontage. 

  

In terms of the material, 65% of awnings were made of metal frames and light-

permeable plastic, whilst 35% were made of canvas. The presence of canvas 

awnings was higher in B8 than almost all the other interface types with awnings 

(except B9). It might be related to B8’s land use in that nearly three quarters of B8 

or its adjacent interfaces were devoted to commercial use as canvas pattern and 

Figure 8.1-40 The elevations and a current photograph of B8 



306 

 

colours can visually enhance the attractiveness to pedestrians (Bobić, 2004; 

Turner et al, 2006). 

 

    Ramp or step 

In the transition area (doorway) between a building frontage and a street surface, 

most ramps or steps, more or less, extend beyond some part of the street (public) 

area. Having said that, where the extension of ramps or steps penetrate into the 

street area, almost all of them were no wider than one metre. In terms of slope 

or height of ramps or steps, the ramps were at a slope of 10 or 15 degrees, whilst 

the height of steps was from one step to three steps high, and the percentage of 

each height was nearly the same at around 33%. Both ramps and steps are able 

to indicate to pedestrians the change from private to public area.  

Contents 

There is no setback space in this interface type, i.e. the building frontage is directly 

connected to streets. As a result, there is no car nor moped parking in the transition area. 

But 20% of the interface spaces had planters placed by residents or shop owners, and 5% 

of shops put exhibits, or standing advertisement boards on ramps or steps.  

Interface use 

B8, which was used as communal access, was horizontally connected to commercial use. 

For those B8 used as normal ground floors, 72.5% of them were shops, and the rest were 

pure residences.   
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B9: Awning, sliding door and shutter 

This interface type is composed of three interface elements: awning, sliding doors, and 

iron shutter without buffer between building frontage and streets. Awning is the first 

layer attached to a main building and sliding doors with iron shutter is the type of its 

façade and entrance. There is no strong distinction between public and domestic realms 

in the front space. 

Appearance  

    Awning 

The width range was from 0.3 metres to 4 metres, but 1 metre and 0.5 metres 

wide were the two main measurements comprising 70% of B9’s awnings. Most of 

B9 provide reasonably good shelter as over 60% of B9’s awnings were over 1 

metre wide. In terms of the awning’s length, it attaches across the whole building 

frontage (see Figure 8.1-42), and the majority of the width was between 7 and 8 

metres. Regarding the material, around 42% of awnings were made of canvas, and 

the rest were made of iron sheets or light-permeable plastic. The presence of 

canvas awning was highest in B9 than other types with awnings. It might be 

related to its land use in that up to 88.7% of B9 was devoted to commercial use 

as canvas is often found in shops in order for them to be attractive to pedestrians 

(Bobić, 2004; Turner et al, 2006). 

 

    Sliding doors and iron shutter 

In terms of design and material, similar to B4L, there were two common sliding 

doors types in B9: glazed main body and netted main body (for details of their 

Figure 8.1-41 The elevations and current photographs of B9 
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characteristics, refer to B4L). But glazed sliding doors were used more often than 

netted sliding doors in B9, and it might be also related to its high commercial use 

in B9. Related to the real use of sliding doors, up to 45% of them were removed 

to fully open up for customers during opening hours (these open-up types of 

interface spaces were all used for commerce). Besides this, iron shutters are 

usually rolled up during the daytime and shut down during the night or at closing 

time, but for some residential use interfaces, shutters are even halfway shut 

during the day (as left photograph shows in Figure 8.1-42).  

 

    

Transition area 

Most of B9 is directly connected to streets without any buffer object, yet around 

40% of B9 inserted steps or ramps in their doorways, which are grey areas 

between public and private lands, to form a distinction between them. However, 

these buffer objects more or less occupy partial public space, and that is illegal as 

it is against Road Traffic Regulations in Taiwan.   

Contents 

Although there is no private setback in B9, about half of B9 had placed products to be 

sold on display, advertising boards, or even tables and chairs by shop owners in their 

doorways, which were used as an extension of a shop’s indoor room (this is also against 

the regulations). There is no official parking space in the transition area, and all the on 

street parking is illegal. However, during the observing period, 22% of B9 had mopeds 

parking temporarily. With regard to planting, the planting rate was lower than other types 

as there is no setback area: less than 20% of B9 had planters placed on it. 

 

Figure 8.1-42 Awnings and sliding doors design from different use in B9 
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Interface use 

Up to 88.7% of B9 was used for commercial service (but spaces above the ground floor 

were still used for residences), and the commercial type was varied, with catering and 

retail being most common. The rest of B9 was used for pure residences. 
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8.1.2. Group C: Ambiguous divider interface types 

The interface types beginning with C were composed of setbacks, the interface element 

belonging to the ambiguous divider group, which is able to provide a soft transition 

between private and public realms. However, there is only one C-type represented in the 

observation area. 

C2L: Large front setback 

This interface type is enclosed within a large front setback of a building. There is no strong 

distinction along the property line between public and private areas. 

Appearance 

    Setback 

The measurements were varied in C2L. For example, some setbacks of C2L were 

just merely to allow car parking (the average area was 14 square metres), and 

some were designed as or combined with off-street parking spaces (up to 260 

square metres, which can accommodate several parked cars). Besides this, the 

width of setbacks (or front spaces) was from 2 to 12 metres (the average was 4.3 

metres), and the length was from 7 to 65 metres (the average was 15 metres). 

However, when only considering the measurements of setbacks, the whole C2L is 

available for car parking. In terms of the edge type of setbacks in C2L, some are 

inserted in landscaped dwarf walls, railings or fences located in partial edge as 

barriers between gates and streets. Some setbacks are lifted a couple of steps 

above street level. Those changing edges of setbacks can imply the entrance to 

Figure 8.1-43 The elevations and a current photograph of C2L 
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the main buildings and also stop private vehicles entering. Besides this, some 

setback spaces over 8 metres wide also provided parking space for residents. 

Contents 

There were 38% of C2L providing car parking spaces, and the rest were purely used as 

front gardens (see Figure 8.1-44). When it comes to the parking location, the way that 

residents park their cars directly in front of their doorways is classified one relatively 

negative way (compared to the other two ways) by Gehl (2011): because this parking 

location not only hides the front garden view from the streets by cars but also the change 

from car to foot gives residents the shortest time staying outdoors, hence the chance of 

social contact with people is reduced. However, this interface type does not have high 

walls or garages, so residents are still able to be seen and have social interaction with 

neighbours when they drive in and out. Besides this, most front gardens still have enough 

space for residents to engage in outdoor activities, in addition to providing a parking 

space.  

Almost all the C2L more or less have been landscaped (including changing surface, 

planting or with planters). Only one C2L had products being sold placed out by a shop 

owner. Thus, generally speaking, C2L provides good visual pleasantness and a better 

walking environment (compared to the other interface types) for both residents and 

pedestrians.  

Interface use 

70% of C2L was used for residence, and the rest was almost all used for ground floor 

shops, except in one place which was within a government organisation. 

Figure 8.1-44 The use of setbacks in C2L 
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8.1.3.  Group D: Ambiguous transition point types 

The following three types starting with D are made of the interface elements subsumed 

under the transition point group: alcove and portico. Moreover, the alcove types found 

in the fieldwork are almost always combined with shop windows or automatic doors. As 

Gehl (2011) writes, they can provide possibilities for both residents and pedestrians to 

linger and to observe or be observed, and they are also popular for people to stand in, 

offering an attractive semi-private/semi-public domain. Therefore, the following two D-

types with alcove are not only a transition point but are also act as visual attractions for 

residents and pedestrians. 

D1: Alcove and shop window/automatic door 

This interface type is composed of two interface elements: alcove and shop window or 

automatic door. Alcove is the first layer recessed into a main building as a recessed 

entrance. This research further divided it into two types according to its combination 

pattern with shop windows or automatic doors because these two types have different 

entrance scales and standing space. D1a has shop windows or automatic doors recessed 

into a main building as an entrance type or inner frontage of an alcove; D1b consists of 

Figure 8.1-45 The elevations and current photographs of D1a (top) and D1b (bottom) 

D1a 

D1b 
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shop windows on the main building’s frontage beside a recessed alcove (see Figure 

8.1-45). Among all the D1 interface space, D1a was more common than D1b, where the 

ratio of D1a to D1b was 2 to 1.  

Appearance  

    Alcove 

The width (recess in the building) of the alcove was varied, ranging from 0.5 

metres to 5 metres (but 1.5 metres was the most common measurement). In 

terms of the surface in the alcove, 42% of D1 had one step elevation between the 

raised entrance platform and the street surface, whilst around half had 2 to 4 

steps between the alcove and the street surface to form a psychological division 

from the streets. Less than 8% of D1 was higher than 5 steps. Generally speaking, 

the width of D1a was slightly wider than that of D1b, but the elevation was slightly 

lower. Nevertheless, there were no significant differences between them. For 

example, the average width of D1a was 1.7 metres whilst that of D1b was 1.3 

metres, and the average elevation of D1a was 1.9 steps whilst that of D1b was 2.2 

steps. However, when it comes to the length of alcove, in D1a, it took up nearly 

the whole building frontage, around 7 metres on average, yet the entrance size in 

D1b was usually between 2 and 3 metres. This means that people have more room 

to stand in or socialise with other people in D1a than in D1b.  

  

Both D1a and D1b are combined with glazed material in order to display products 

for pedestrians and attract them. It is likely to relate to its land use characteristic 

that 80% of D1’s ground floors were used for shops, particularly D1b was all used 

for commercial service, especially restaurants. Having said that, for those D1 that 

are residences, the alcoves are entrances to halls on the ground floor, which 

usually have reception areas and porters or security guards (see Figure 8.1-46).  

 

Figure 8.1-46 D1 in commercial and residential use 
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Contents 

Only 11% of the entrance platforms had shop exhibits or outdoor tables and chairs placed on 

them by shop owners, and 38% of them were given over to planters. There was no parking 

problem at this transition point.  

Interface use 

Up to 80% of D1’s ground floors were used for shops; for example, the popular commerce 

types were: banks (always located on major roads), medical-related business (e.g. 

pharmacy and practice), catering and daily life services (e.g. dry-cleaning). The rest of D1 

were used for pure residences.  
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D1S: Alcove and shop window/automatic door with small front space 

This interface type is composed of two interface elements: alcove and shop window or 

automatic door. Alcove is the first layer recessed into a main building and it is combined 

with shop windows or automatic doors. The main difference between D1S and D1 is the 

presence of a small front space between a building frontage and street areas. 

Appearance  

    Alcove 

The width (recess in the building) of the alcove was from 0.5 to 2 metres in D1S, 

and 63% of alcoves were over one metre, which allows room for people to stand. 

Regarding the level of the alcove, half were at the same level as their front spaces, 

and around a quarter had one step raised and the rest had at least three steps 

raised from their own front space level.  

 

    Front space 

The width of the front space was from 0.5 to 2 metres, and the average was 1 

metre. The length of the front space was from 3 to 18 metres, depending on the 

building’s frontage width, and a majority of that was around 7 metres wide (the 

same as D1). Related to those measurements, the front space area was from 3 to 

12.6 square metres, and none of them were able to accommodate a parked car. 

Most front spaces were at the same level as the streets, but around a third were 

designed as raised platforms from the street to indicate the change from public 

to private domain. In terms of the edge type of these raised front spaces, half of 

Figure 8.1-47 The elevations and a current photograph of D1S 
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them were one step or one step high ramps, and the rest were platforms with two 

or three steps to form a clear delineation from streets.  

Contents 

Most of D1S was not occupied by cars due to its limited space. However, there were still 

nearly a quarter of D1S used for parked cars or mopeds; that means, the parked cars take 

up some street space. Related to landscaping, around two thirds of D1S had planters or 

flowerpots placed on it were, and only one shop put its goods to be sold in the space.  

Interface use 

75% of D1S were used for commercial purposes; the main business being catering-related, 

such as cafés and restaurants. The others were pure residences.  
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D2L: Portico with large front space 

This interface type is composed of one interface element: portico within a large front 

space of a building. Portico is the first layer attached to a main building. It usually gives 

clear information about entering into a private domain and is the main entrance of the 

building. 

Appearance  

    Portico 

The width of D2L’s portico was varied from 1.3 to 7.5 metres, but most were 

between 2 and 2.5 metres wide. In terms of its length, it was basically around the 

same size as entrance doors, from 2.5 to 5 metres (the average length was 3.6 

metres) to offer good shelter and protection. In terms of the porticos’ details, 

most of them were at the same level with streets, whilst only 23% of them had 

steps, from one to six steps found in the observation area. This is not consistent 

with the literature review of porticos that most porticos have stairs (Bobić, 2004).  

 

    Front space 

The area range of D2L’s front space was varied, and it was related to the building 

type the interface belongs to. The area of front space was from 14 square metres 

(merely enough space for one parked car) up to 500 square metres (collective 

condominiums all have larger front spaces), and the average was 139 square 

metres. The width of front space was between 3.6 and 7.5 metres (the average 

was 7 metres); the length was from 5 to 40 metres (the average was 14 metres). 

Figure 8.1-48 The elevations and a current photograph of D2L 
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Besides this, there were around 35% of D2L combined with dwarf walls, and low 

railings to make a clear but soft barrier along street line.   

Contents 

Only 17% of D2L’s front spaces had car parking, although the measurement of it was all 

parkable. All the front space had planters or flowerpots placed in it, and almost all was 

landscaped to some extent, for example flower beds, tree planting, or landscaped 

surfaces. 

Interface use 

Pure residence and residence mixed with commercial use (ground floors were shops and 

above that were residences) were the two main uses at 47% and 35% respectively. The 

rest of D2L was used for public buildings.  

Figure 8.1-49 The design of D2L found in the study area 
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8.1.4.  Group E: Visual attraction interface types 

The coding of the following four interface types beginning with E is classified as visual 

attraction, which pedestrians are allowed to view into as an “invitation” from residents 

as described by Gehl (2011) and also it is able to provide an “interesting trip” for 

pedestrians in Speck (2012)’s words. Besides this, some of these E-types also function as 

shelter providers themselves; for example, if their building frontages are also combined 

with signboards like interface type E2, or combined with balcony like interface type E3L. 

E1: Shutter 

This interface type is composed of one interface element: iron shutter and without a front 

space. Iron shutter is the entrance type adhering to the building frontage. There is no 

buffer and no clear delineation between public and domestic realms. 

Appearance  

    Shutter 

Being an entrance type of a building frontage, the width of a shutter corresponds 

to but is slightly narrower than the width of the building frontage (usually around 

5 metres). When the shutter is completely rolled up during opening hours, the 

entrance is totally opened up to the public, and there is no physical barrier 

between indoor and outdoor rooms. Thus, the activity or movement inside and 

outside the building can flow easily either way. For example, the display of goods 

and shopping activity might extend beyond street areas, or, pedestrians can easily 

view or enter the space and even participate in the activity. Besides this, a 

minority of shutters were also installed with awnings of about 0.3 to 0.7 metres 

Figure 8.1-50 The elevations and current photographs of E1 
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wide to provide some shelter. All these characteristics were somehow related to 

its land use: all E1 were used for commerce. 

Contents 

As described above, 41% of E1’s shop owners placed their business stuff, such as goods 

to sell, tables and chairs, equipment, or stalls in the adjacent street space as their 

extended indoor rooms, yet it is illegal as it contravenes road regulations. The incidence 

of illegal on-street parking was lower than other interface types, at around 16%. Perhaps 

it was related to the real use, in that some street areas were already occupied by shops 

to prevent vehicles from parking. The planting ratio was lowest out of all interface types 

as only 8% of E1 had planters. 

Interface use 

All E1 cases were used for commerce. Related to its typological characteristics and 

building types, the commerce or service provided by E1 involved lower requirements of 

environment quality (or interior design), such as indoor car park, mechanic-related 

businesses (plumbing, car maintenance and repair), storage companies, electrical 

components manufacturers and distributors, and street food and drink takeaways (see 

Figure 8.1-51). 

  

Figure 8.1-51 The use of E1 
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E2: Signboard and shop window/automatic door 

This interface type is composed of two interface elements: signboard and shop window 

or automatic door. There is no setback between domestic and street areas. Signboard is 

the first layer attached to the main building and shop window or automatic door is the 

entrance type on the building façade.   

Appearance  

    Signboard and shop windows 

The width of signboards was between 0.3 and 3.7 metres, but over half were 

exactly 0.5 metres wide, and less than 30% were wider than one metre. The length 

of signboards corresponds to the building’s frontage width (or shop’s frontage) of 

around 6 metres. In terms of function, in addition to providing shelter like awnings 

or overhangs, the most important purpose of signboards is to give more 

information (than an awning) to pedestrians; the specific product or service the 

shop offers. What is more, most signboards have lighting installed inside, so 

pedestrians can read the information, even at night. However, signboards are 

sometimes notorious for damaging cityscapes in Taiwan (e.g. a news article 

reported by Wang, 2017) Similar to other interface types with shop windows, 

pedestrians can view in (do window shopping) easily. All these characteristics 

were related to its land use, in that all E2 was used for commerce.     

 

    Transition area 

Regarding the design details in the doorway, although there is no setback space 

between the property and street line, nearly half of E2’s doorways had removable 

Figure 8.1-52 The elevations and a current photograph of E2 
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(usually wooden or metal) platforms, staircases, or ramps placed by shop owners. 

The size of these inserted objects was not massive, and usually no longer than one 

metre, because, strictly speaking, these are still classified as road obstacles by law. 

The elevation of platforms or staircases was normally one or two steps (or in 

height). More than half of shops placed planters, products to be sold, advertising 

boards, or even tables and chairs on the platforms.   

 

Contents 

As mentioned above, nearly half of E2 had inserted obstacles in the transition areas, but 

there was no illegal parking observed in fieldwork. This might be somewhat related to the 

official on-street parking space provided directly in front of 40% of E2.  

Interface use 

All E2 cases were used for shops. This kind of interface type: signboards and shop 

windows/automatic doors, is particularly suitable for shops. The use of shops was varied, 

but the main one was still catering-related businesses, retail (especially clothing shops 

and convenience stores) and daily life-related services, e.g. laundry. For those shops 

located on secondary roads (around half of E2), they especially cluster along the east-

west secondary road (Dōng Fēng Road) at the top of the selected study area in Figure 8.2-

1.  
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E3L: Balcony and shop window/automatic door with large front space 

This interface type is composed of two interface elements: balcony and shop 

window/automatic door with a large front space. The balcony is the first layer projected 

from a main building where shop windows or automatic doors are its entrance types.  

In terms of constitution, E3L is the interface type that is equivalent to B5L without walls; 

in other words, B5L is the combination of E3L and walls. Therefore, accessibility or privacy 

is the main difference between E3L and B5L. To illustrate this, the front space in B5L is 

secured by walls and the space is basically only used or accessed by residents. By contrast, 

the front garden in E3L is visually open to pedestrians to view in, and sometimes 

pedestrians are also physically able to stay in or walk through as there is no concrete 

barrier between the front space and the streets. That is also the reason why E3L was 

classified into group E: visual attraction rather than group B: shelter provider as it also 

has balcony.  

Appearance  

    Balcony 

There were three sizes of a balcony’s width, which were 0.5, 1 and 1.5 metres, 

and 78% of balconies were exactly 1 metre wide. The length of balconies was the 

same as that of the front space and the width of building frontage was around 7 

metres.  

 

 

Figure 8.1-53 The elevations and a current photograph of B1 
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    Front space 

The width of E3L’s front space was varied from 1 to 5.2 metres, and the average 

was 3.7 metres. This measurement is consistent with the scale that Gehl (2011) 

suggests, which is between three and four metres, so that it is able to protect 

residents’ privacy from passing pedestrians but also to allow residents have a 

relationship with street life. In terms of its length, it was between 4 and 15 metres, 

and the average was 7.4 metres, which was also the average building frontage 

width. The area of the front space varied from 6 to 69 square metres, with the 

average being 27.8 square metres. Up to 84% of the front space was sufficient to 

be able to park a car in, based on its measurements. 

Contents 

40% of E3L had parked cars on. About one third of E3L (which was used for commerce) 

had tables and chairs, and two thirds of E3L were landscaped with plants. 

Interface use 

83% of E3L were used for commerce, and the rest were purely residential.  
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E4L: Deck and shop window/automatic with large front space 

This interface type is composed of two interface elements: deck and shop window or 

automatic door, and enclosed within a large front space of a building. Deck is the first 

layer attached to a main building where shop windows or automatic doors were its 

entrance types, and it elevates the ground floor from street level to form a clear 

delineation between the edge of private and public areas.  

Appearance  

    Deck 

In terms of the measurements of decks, their width and length were exactly the 

same as that of their front spaces, and their level was from two to five steps high 

(but usually it was three steps). Alongside the decks’ edge, 38% were partially 

combined with dwarf walls, low fences or railings to make a clearer barrier than 

pure decks do (see Figure 8.1-55). However, because of the height and the visual 

permeability of these soft edge types, pedestrians are still able to participate in or 

observe the activity happening on the decks or inside the buildings.  

 

    Front space 

The width of E4L’s front space varied from 1.5 to 7 metres (the average was 2.8 

metres).  The length was from 5 to 18 metres (the average was 8 metres). The 

front space area of E4L varied from 5 to 72 square metres (the average was 21.8 

square metres), but over half of E4L were large enough to be able to park at least 

a car in, if only considering its measurements.  

 

Figure 8.1-54 The elevations and a current photograph of E4L 
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In terms of the typological details of E4L, up to 88% was also combined with 

shelter providers, such as signboards, balconies, and awnings. Nevertheless, there 

was not a particularly dominant type of E4L combining with shelter providers, 

therefore E4L itself was classified as an attractive interface type instead of being 

recognised with its shelter type.  

Contents 

There was no car parking found in E4L because the decks were designed so that cars 

cannot access the space. Half of the decks had tables and chairs, and products to be sold 

from shops on. Moreover, all the E4L had landscaped front space with planters or 

flowerpots. These characteristics were related to its land use pattern, where 88% were 

used for commerce (see Figure 8.1-55).  

Interface use 

Up to 88% of E4L were used for commerce, especially businesses with higher standards 

of interior design. For example, the shops were associated with fashion or design, such 

as beauty and hairdressing salons, flower shops and high-end restaurants.  

Figure 8.1-55 The design of decks in E4L 
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8.1.5. Group F: Territory protector interface types 

The coding of the following interface type beginning with F is classified as territory 

protector, which is able to secure the domestic area and keep it private from the outside 

environment. However, from the point of view of pedestrians, the downside of this type 

is that it keeps pedestrians away from interacting with residents living in F-type. This 

interface type consists of one interface element: wall, enclosed within a large front space 

of a building. There is a stronger sense of domestic territory at the edge.  

F1L: Large front space and wall 

In terms of constitution, F1L is the interface type which is equivalent to B5L without the 

balcony. Therefore, the main functional difference between F1L and B5L is that F1L 

cannot provide shade to residents yet B5L has a shelter provided by a balcony.  

Appearance  

    Wall 

Up to 94% of F1L’s walls were high walls. Moreover, among those, 70% were Wall 

Type1, 21% were Wall Type2, and the rest were the other derivatives of high walls 

with railings shown in Figure 4.2-28.  In terms of the dwarf wall types, most were 

a combination of dwarf walls and railings, see Figure 4.2-34. 

 

   Front space 

The measurements of F1L’s front space were varied. The width was from 2 to 17 

metres (the average was 5.2 metres), whilst the length was from 2 to 32 metres 

Figure 8.1-56 The elevations and a current photograph of B1 
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(the average was 8 metres). There was a wide range of F1L’s front space area. The 

area was from 5.4 square metres (only providing space for a couple of mopeds to 

park) to 510 square metres (capacity for several parked cars). Having said that, 

the average front space area in F1L was 50 square metres, and nearly two thirds 

of F1L had sufficient space to be able to park at least one car in, if only considering 

the front space’s measurements.  

 

Contents 

Comparable to B2L and B3L, only 27% of F1L were actually used as car parking spaces 

although two thirds of them were car-parkable in principle. About 70% of them had 

planting, and 15% of their walls even had climbing creepers.   

Interface use 

70% of F1L was used for pure residences. The rest of F1L were used for less intense 

commercial business, such as nursery schools and private after school learning centres.  

 

  

Figure 8.1-57 Current photographs of F1L 
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8.2. Summary and discussion   

The comparison of typological characteristics (physical similarity) and that of overall 

characteristics between individual interface types are the main subjects of this section.  

8.2.1. The similarity and dissimilarity between interface types 

There are two aspects when discussing the typological traits of interface types; the wider 

one is from the coding system, and the other is focused on the constitution and 

appearance details of comparable interface types.  

 

Figure 8.2-1 The distribution of 24 interface types. (LFS: large front space; SFS: small front space) 
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8.2.1.1. Coding system 

According to Table 4.2-1, there are five groups representing five functions: group B-

shelter provider, group C-ambiguous divider, group D-transition point, group E-visual 

attraction, and group F-territory protector. Thus, the coding of interface types starting 

with B all provide shelters (but they might have different effects depending on their 

measurements or material), and the C-type interfaces provide ambiguous territory 

protection, and so on. However, some of the interface types have multiple functions. For 

example, B1 consists of arcades (the element subsumed under shelter provider) and shop 

windows/automatic doors (the elements subsumed under visual attraction). Related to 

that, almost all B1 were commercial use because the combination of arcades and shop 

windows/automatic doors can be attractive for passing pedestrians by means of 

providing good shelter and displaying products simultaneously. By contrast, B3L has walls 

(the element subsumed under territory protector) to form strong territory boundaries to 

protect privacy, although canopies of B3L provide good shelter. Related to that, most of 

B3L were purely residential, whereby the shelter provided by canopies are confined to 

the residents (or their visitors) only. Thus, the multiple functions of specific interface 

types are related to the homeowners’ needs, yet they may also provide a public function 

for visitors or passing pedestrians. Following these, the spectrum presented in Figure 8.2-

1 suggests the functions each interface type has through using various colours and in 

several shades (generally speaking, when the colour is darker, the effect of the function 

is better). To illustrate this, in Figure 8.2-1, the types in green/blue provide shelters, and 

dark green (e.g. arcades) provides better shelter than bright green (e.g. awnings). The 

types in blue/purple provide a visual attraction for pedestrians. The types in pink are 

transition points or ambiguous dividers. The types in red/orange provide good territory 

protection. However, they might be unfriendly for pedestrians, whilst pedestrian 

accessibility of interface types in green/blue/purple is higher than others. This colour 

scheme was also adopted in the complete catalogue of the final 24 interface types (Figure 

8.1-1) at the beginning of this chapter. 
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8.2.1.2. Detailed comparison of selected/individual types 

The comparison between B2L vs. B7-2L, and B2L vs. B5L  

 

 

B2L is similar to B7-2L in terms of appearance and shelter function, and sometimes they 

look the same from street view. However, there is a main structural difference between 

balconies and awnings, which is that balconies are structurally stronger attached to the 

main building construction than awnings, which are more temporary and removable. 

Therefore, if awnings are removed from both B7-2L and B2L, and then there will be not 

shelter provided from B7-2L but B2L is still able to give shelter from its balcony. Having 

said that, when an awning is removed from B2L, it turns into B5L. That is, in terms of 

permanent construction, B5L and B2L is the same type, but for the present effect, they 

are different because the awning of B2L can enhance the range of shelter. 

The comparison between B5L vs. E3L, and B5L vs. F1L  

 

 

B5L becomes E3L when B5L’s wall is removed from its property line. Therefore, 

accessibility to their front spaces and their main buildings is a main difference between 

E3L and B5L. The front garden in E3L is both physically and psychologically more open to 

its neighbours or pedestrians than B5L. In addition to this, B5L becomes F1L when B5L’s 

balcony is removed from its main building. Therefore, the main functional difference 

between F1L and B5L is that F1L cannot provide shade to residents yet B5L has shelter 

from a balcony. 

The comparison between B6- overhang series and B7- awning series  

B6- series interface types are the derivatives of B6-1 (as a prototype). For instance, B6-1L 

is B6-1 which has a large front space, B6-2L is B6-1 which has walls and a large front space, 
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and B6-2S is B6-1 which has walls but within a small front space. This is the same 

classification logic applying to the B7- series types. The crucial difference between B6- 

and B7-types is that B7- types are the synthesis of awnings whilst B6-types are the 

synthesis of overhangs. The main difference between awnings and overhangs for 

classification is the structural difference that overhangs are part of the construction of 

buildings whilst awnings are attachments on building frontages, which means they are 

more flexible to be added on or removed compared to overhangs.  

 

8.2.2. Comprehensive comparison between interface types 

To summarise all the characteristics of interface types’ appearance and their real use, this 

section in particular focuses on the characteristics which are able to affect or are related 

to outdoor and travel activity (especially walking behaviour), and also compares these 

characteristics among the final interface types. These specific characteristics are: 

1. Parking location and condition (including illegal parking), which directly affects 

residents’ parking accessibility and convenience (regarded as one of the negative factors 

in encouraging walking by Speck, 2012 and Public Management Consultation of Shih-Hsin 

University, 2005). Parking location further affects residents’ opportunity of having social 

contact with neighbours or pedestrians, or vice versa, by both shortening the change time 

from foot to drive and blocking the view of front gardens from streets (Gehl, 2011).  

2. Planting condition, which is related to offering an interesting, pleasing and 

comfortable walking environment. 

3. Walkable space and transition type (including soft/hard edge, open up/closed in, and 

semi-private/public front space), which might affect people’s staying time in the interface 

space, and the opportunity of interacting with other people as openness or transparency 

brings frequent neighbourly communication (Kitahara, 2003). They are also related to the 

extent of pedestrian friendliness. Semi-private/public front spaces, where the interfaces 

are not completely private or public, function as links connecting private and public areas 

physically and psychologically, so people can stay or sit in them, or have some social 

interaction with other people within them. Therefore, transition type or so-called building 
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edge by Alexander et al (1977) is particularly regarded as a crucial element in terms of 

being a liveable and lively neighbourhood by Gehl & Svarre (2013),  

“if the edge fails, then the space never becomes lively” (p.53) 

That is because edges provide varied activity type from indoor to outdoor or vice versa. 

8.2.2.1. Parking location and condition 

B4L had the highest percentage of private vehicles parking in its front space out all final 

interface types. Up to 84% of B4L’s front spaces were occupied by private vehicles 

(especially mopeds), and the percentage was over twice in B4L compared to E2, E3L and 

C2L, the types in second place. 

In the interface types which have large front spaces, namely B2L, B3L, B5L, etc., the 

percentage of private vehicles parking in each was around 30%. It is worth noting that, 

for the four types B2L, B3L, B5L and F1L, more than half of their front spaces were spatially 

car parkable, but still some of their residents parked their private vehicles illegally on the 

streets as their front spaces were also illegally converted to semi indoor or totally indoor 

rooms. This finding revealed the current urban issue in Taiwan in which the gap between 

the ban on both illegal construction and illegal on-street parking by law and the 

enforcement of these regulations in practice. Moreover, this issue further affects the 

comfort of the walking environment and compresses pedestrians’ walking space. To 

illustrate this, over 60% of those four types were connected to service roads which were 

less than seven metres wide without pavement. Therefore, the illegal reconstruction 

visually narrows the street space and gives pedestrians a visual oppression by turning the 

barrier wall into a solid, concrete building frontage and making the initial setback space 

disappear. In addition, the illegal on-street parking confines pedestrians’ walking space 

as they share the same street space with driving vehicles at the same time.  

For those interface types with small front spaces or without setback spaces, their 

percentage of private vehicles parking in front of their doorways was zero in general; for 

example, B6-2S and B7-2S both have space limitations, and B7-1, B8, and D1 have no 

setback to park in. However, there were some exceptions. Around 12 to 20% of B6-1, B9 
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and E1 had been found to have illegal parking in front of their doorway during the 

fieldwork survey.  

Moreover, some interface types have specific appearances or landscaping designs to 

lower the opportunity of private vehicles in their front spaces. For example, the ground 

floor elevated arcades of B1, porticos and landscaped front gardens of D2L and elevated 

decks of E4L. 

Therefore, as far as parking space as a negative factor in encouraging outdoor activity and 

walking is concerned, B4L is a relatively unfavourable interface type with the highest 

parking opportunity compared to other final interface types. By contrast, B1, D2L and 

E4L, interface types with large landscaped front space but limited parking space, have 

the potential to encourage outdoor activity or walking. 

8.2.2.2. Planting condition 

D2L and E4L have the highest percentage of landscaped front spaces, and 100% of them 

have planters. In general, the greenness of interface types with large front spaces is better 

than interface types with small or no front space, except the B6-series and B7-series. For 

example B5L(92%), C2L(84%), F1L(70%)27, etc., the percentage of planting in their front 

space was over 60%; yet the percentage of planting in interface types with small or no 

front space was all less than 20%, especially in E1 where it was only 8%. It might be related 

to the fact that putting planters or pots alongside doorways but within street spaces is 

still illegal.   

To conclude, interface types with large front spaces provide more greening and a visually 

pleasing environment than the ones with small or no front space 

8.2.2.3. Walkable space 

The walkable space discussed in this section only refers to the setback belonging to the 

private domain instead of the pavement planned by the government. Deducting the 

space occupied by private vehicles and other obstacles like stalls and products on sale 

27 The number in parentheses is the percentage of planting of each interface type. And the interface types 
mentioned with the parentheses were the top three.  
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from shops, B1 can provide the most adequate and the most continuous walkable space 

among all the final interface types (67% of B1 had walkable space). Besides this, 57% of 

B7-1L and 55% of E3L were able to provide walkable space. Having said that, most of the 

walkable space in B7-1L was not continuous since most of B7-1L were adjacent to B2L 

(see Figure 8.1-34), hence most of B7-1L’s front spaces were places for pedestrians to 

stay or stand instead of walking through. By contrast, the main building appearance 

pattern of most E3L was either row or semi-detached, so E3L provides relatively 

continuous walkable space compared to B7-1L.  In addition to them, around 45% of C2L, 

D1S and D2L’s front spaces are walkable.  

The interface spaces with walls and the ones without setback space are unable to provide 

walkable space. Therefore, in terms of providing more private walkable spaces, B1, E3L, 

C2L, D1S, and D2L are the favourable interface types.  

8.2.2.4. Transition type  

Soft or hard edge 

Broadly speaking, the interface types with higher openness, transparency and 

accessibility to the public and semi-private/semi-public areas (arcade, front garden with 

fence, porch, etc.) are defined as soft edge, i.e. smooth or gradual transition by Gehl 

(2011). In contrast, the interface types with walls all belong to hard edge.  

As a result, B1, B4L, B9, D1, D1S, E2, E3L and E4L, which have glazed frontage like shop 

windows, automatic doors and sliding doors (B1, B4L, E3L and E4L are also in the set of 

semi-private interfaces), E2, containing shutters, and B6-1L, D2L and C2L, which have 

semi-private front gardens, are all classified as soft edge.  Nevertheless, B6-1L, B9, E1 and 

E2 have less space for people to stay in compared to the other soft edge types and B9 has 

the issue of illegal parking also.  These types, therefore, are marked S* in the soft edge 

column in Table 8.2-2 (similarly, B6-1L is marked △ in the semi-private column).  

For those hard edge types, the awnings of B2L, B6-2L and B6-2S and the overhangs of B7-

2L and B7-2S usually reach the top of their high walls to reshape their front spaces into 

indoor-like rooms, where the covered spaces usually lack lighting and look unappealing 

from outside of the walls. However, some hard edge types like B5L, F1L and B8 are 
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relatively less hard and are marked H*. For example, trees or planters planted in B5L and 

F1L can be seen, to some extent, from outside because there is no cover (like awning, 

canopy, etc.) above the front space, and even some of walls have climbing plants 

scattered around to soften the edge with high walls. In B8, there are steps between 

building frontage and streets to offer a place for standing or sitting.  

Open up or closed in 

When it comes to the extent of the interface’s openness and accessibility both in a visual 

and physical way, a glazed or removable entrance type itself is not only a question of 

transparency but also a question of distance, which is related to human sensory 

experience as well (Gehl,2011). Therefore, among those open and accessible interface 

types, B1, B9, E1 and E2 are directly open to the public as there is no setback, especially 

during opening hours, some of their entrance can be totally opened up by removing or 

folding up the sliding doors, or rolling up the shutters. However, for some similar types, 

there is a distance between their entrance and the streets, so those interface types are 

marked △in the open up/closed in column in Table 8.2-1and Table 8.2-2. For example, in 

D1 and D1S, pedestrians are able to view or walk in easily from the streets but not as 

directly as the types above since there is a recessed distance (usually around one metre) 

between the glazed entrance and the streets. As for B4L, E3L, and E4L, the interaction 

between indoor and outdoor activities is slightly limited by its front space scale, which is 

comparatively bigger (the average distance between the building frontage and the street 

line is around 3 metres) but still within the reasonable distance (three to four metres) 

suggested by Gehl (2011). Particularly in B4L, a large majority of its front spaces are taken 

up by parked private vehicles, stalls, products on sale and other personal obstacles, so 

the interaction and visual permeability is less in B4L than the others.  

Therefore, in terms of the extent of interaction between indoor and outdoor activities, 

B1, C2L, D1, D1S, D2L, E3L, and E4L are the more favourable types. 
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Table 8.2-1 The summary of different transition types 

  

 

 

 

 

 

Soft/hard Open-up/close-in Semi-private/public space 

Soft 
edge 

S B1 
B4L 
C2L 
D1 
D1S 
D2L 
E1 
E2 
E3L 
E4L 

Open up V 

B1 
B9 
 
 
 
 
E1 
E2 

Semi-public V 

B1 
B4L 
C2L 
D1 
D1S 
D2L 
 
 
E3L 
E4L 

In-between 
 

△ 

E3L 
E4L 
B4L 
D1 
D1S 
 

S* B6-1L 
B7-1L 
B9 

Semi-private △ B6-1L 

Hard 
edge 

H* B5L 
B6-1 
B7-1 
B8 
F1L 

H B2L 
B3L 
 
 
 
B6-2L 
B6-2S 
B7-2L 
 
 
B7-2S 

Close in X 

B2L 
B3L 
B5L 
B6-1 
B6-1L 
B6-2L 
B6-2S 
B7-1 
B7-1L 
B7-2L 
B7-2S 
C2L 
D2L 
F1L 

Private X 

B2L 
B3L 
B5L 
 
 
B6-2L 
B6-2S 
 
B7-1L 
B7-2L 
B7-2S 
B8 
 
F1L 
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8.2.2.5. Overall  

Considering the characteristics of parking condition, planting, walkable space and 

transition types revealed above and the comparison results from Table 8.2-2, in terms of 

encouraging more outdoor activity and walking behaviour, B1, C2L, D1, D1S, D2L, E3L and 

E4L are therefore concluded to have more potential to be favourable interface types than 

the other final interface types (B1 and C2L were indeed found as favourable types which 

were associated with more sustainable travel activity patterns in the following chapters). 

By contrast, B2L and B4L28 are concluded as negative types (they were also found as 

unfavourable types which were associated with less sustainable travel activity patterns in 

the following chapters). The next two chapters will analyse the travel activity pattern 

which is associated with the individual interface types introduced above, and further 

discuss the relationship between some particular sustainable and unsustainable interface 

types and their related outdoor and travel activity (especially walking behaviour) at the 

individual and neighbourhood levels.  

 

28 If only considering B4L’s appearance without its real use, it should be a favourable interface type. But the 
residents’ real use that the space is nearly fully occupied by private vehicle parking, stalls and other personal 
stuffs, turns it into unfavourable interface type.  
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Table 8.2-2 A comprehensive comparison of final interface types 

 Interface types 

Front space content Transition type 

Average Size 

W x L (Area) 

(metres) 

Parking 

(%) 

Planting 

(%)    

Private 

walkable 

space (%) 

Soft or 

hard edge 

open up or 

closed in 

semi-private 

B1 Arcade + shop window/automatic door NA 12 11 67 S V V 

B2L Balcony + awning + wall (large front space) 3.5x7 (26) 30 42 0 H X X 

B3L Canopy + wall (large front space) 3.5x6.5 (24) 33 52 0 H X X 

B4L Canopy + sliding door + shutter +stairs (large front space) 2.7x6 (17) 82 68 10 S △ V 

B5L Balcony + wall (large front space) 4x8 (32) 36 92 0 H* X X 

B6-1 Overhang NA 12 (illegal) 16 0 H X . 

B6-1L Overhang (large front space) 3.5x3.5 (14.5) 37 46 19 S* X △ 

B6-2L Overhang + wall (large front space) 3x4.3 (14.2) 10 28 0 H X X 

B6-2S Overhang + wall (small front space) 0.7x2 (2.8) 0 18 0 H X X 

B7-1 Awning NA 0 11 0 H* X . 

B7-1L Awning (large front space) 2.9x4 (14.3) 29 26 57 S* X X 

B7-2L Awning + wall (large front space) 3.2x7 (25) 21 22 0 H X X 

B7-2S Awning + wall (small front space) 1.5x2 (3) 0 9 0 H X X 

B8 Awning + ramp/step NA 0 25 0 H* X X 

B9 Awning + shutter + sliding door NA 22 (illegal) 20 0 S* V . 

C2L Large front setback 4.3x15 (65) 38 84 46 S X V 

D1 Alcove + shop window/automatic door NA 0 38 0 S △ V 

D1S Alcove + shop window/automatic door (small front space) 1x7 (7) 23 63 43 S △ V 

D2L Portico (large front space) 7x14 (139) 17 100 47 S X V 

E1 Shutter NA 16 8 0 S V . 

E2 Signboard + shop window/automatic door NA 40 27 0 S V . 

E3L Balcony + shop window/automatic door (large front space) 3.7x7.4 (27.8) 40 67 55 S △ V 

E4L Deck + shop window/automatic door (large front space) 2.8x8 (21.8) 0 100 0 S △ V 

F1L Wall (large front space) 5.2x8 (50) 27 70 0 H* X X 



3
4

0 



341 

Chapter 9: Travel activity characteristics related to building types and 

street types 

After establishing the morphological results of the study area revealed earlier (building 

types and street types in Chapter 7, and interface types in Chapter 8), the characteristics 

of their related travel activities (mode choice and walking behaviour) are presented and 

discussed in the following two chapters (the travel activity data related to interface types 

are revealed in Chapter 10). 

Studies on the relationship between urban form and travel behaviour (or outdoor activity) 

have been popular over the last two decades, but research focusing on morphological 

properties of form types is relatively scarce compared with other urban form factors, 

particularly land use related indicators (e.g. mixed use development, jobs-housing 

balance, and proximity to city centre, to shops, to transport networks, etc.), which is 

illustrated by Table2.1-1. Having said that, there is more of a focus on street types than 

building types (or to interface types, which are elaborated on in the next chapter) by 

researchers. For example, although some researchers (e.g. Kitahara, 2003; Gehl, 2011) 

point out the influence of a building’s height on people’s outdoor activities (but without 

statistical evidence), there is no holistic and scientific analysis of the relationship between 

building types and travel activities found in the literature reviews. By contrast, the impact 

of parking spaces, pavements, and elements of street aesthetics (e.g. street trees and 

greens) on mode choice, walking behaviour and social activities have been claimed or 

statistically analysed. To illustrate this, abundant parking space is related to high private 

vehicle use and low public transit use (Auchincloss et al, 2015; Hess, 2001; Kitamura et al, 

1997; Shoup, 1997; Lin et al, 2011). Conversely, more limited parking space is likely to lead 

more walking or non-motorised trips (Balcombe & York, 1993; Stead, 2001). Pavements 

are not only found to decrease private vehicle use (Lin & Yang, 2009) but also to be a 

positive and significant factor in studies on neighbourly social activity (Lund, 2002; 

Podobnik, 2011). Besides this, pleasing streetscapes (e.g. more greenness) is also related 

to high walking behaviour (Cao et al, 2007; Giles-Corti et al, 2009; Lin & Chang, 2008; 

2010). 

Nevertheless, the studies mentioned above treat parking space, pavement, and street 

planting as an individual factor of street types to discuss their separated relationships to 

travel activities instead of considering the influence from integral street types (the 
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combinations of road functions and forms in different packages) on travel activities, 

where this thesis tried to confirm whether there is a significant relationship between the 

various identified street types particular to Taiwan and their related travel activity 

characteristics. This idea could be exemplified by this example of selling hampers. 

Different road scale or road hierarchy of street types contain various road forms or design; 

by the same token, different sizes of hampers contain various combinations of goodies. 

In terms of a marketing study, shops can conduct some research on the popularity of 

every different hamper with customers (similar to what this thesis did); or, the shops can 

study the popularity of every individual product from the hampers with customers (like 

most other research does). However, some particular products might become more 

popular when they are put together in the same hamper rather than being sold separately. 

For example, the hamper containing tea and biscuits might sell better than only selling 

tea or biscuits separately. Therefore, the purpose of this thesis is to determine how or 

whether the different types of environment design of buildings, streets and interfaces 

affect travel activity instead of only studying the influence from the individual elements 

of urban form.  

Therefore, the main subject in this chapter and the next is to understand the general 

relationship between travel activities and urban form types (building types, street types 

and interface types respectively), and then to discover the characteristics of travel 

activities from different building types, street types and interface types, so that the 

following research question can be answered:  

“How are the identified urban form types associated with travel activity (mode choice and 

walking behaviour)? For example, what kind of urban form types are related to 

sustainable mode choice and sociable activities (e.g. walking)?” 

 For example, this thesis can suggest whether some particular building types, street types 

or interface types are associated with more sustainable mode choices and more walking 

behaviour or more private vehicle use conversely.  

Following this, in terms of methodologies, basic descriptive statistical results were used 

to present the characteristics of travel activity data obtained from questionnaires to give 

a general understanding of the travel habits in the study area (Section 9.1); and Chi-square 

tests were used to determine the relationship between variables of travel activity and 
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form types, to examine if different types of buildings and streets are associated with 

significantly different constitutions of mode share or walking pattern (Section 9.2 and 

Section 9.3). The Chi-square test is also used by Hess (2008) to establish whether the 

differences of mode choice and walking patterns among various neighbourhood types in 

his study areas are significant.  

However, from the literature review of the factors influencing travel activity excluding 

urban form, to both increase the influence of building types and street types on travel 

activity and also minimise the effect of socio-economic, travel preference and other 

variables, this study adopted a method commonly employed to hold the factors constant 

(e.g. see, Handy, 1996a; b; Hess, 1997; 2008). Thus, the variation in travel activity patterns 

can be assumed to be the result of a building and street’s spatial characteristics. 

Consequently, this research selected the observation samples based on their socio-

economic profiles, walking attitude, similar self-selection traits and living within closed 

neighbourhoods which have similar neighbourhood accessibility, share  similar types of 

mixed land use (or local commercial services) and infrastructure facilities (for the 

selection criteria, please refer to Section 5.3.2). Finally, there were 159 observation 

objects (out of 284 respondents) whose financial status was considered to be middle class, 

whose walking attitude was positive, and where self-selection was not clear (people who 

did not consider residence location and transport convenience as their main reasons for 

choosing their current residence).  

 

9.1. Basic descriptive statistics of the travel diary 

Before undertaking the analysis of the general relationship between form types and travel 

activity, the socio-demographic background, overall mode share and walking behaviour 

from the respondents is given to provide a general understanding of the selected study 

area. 
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9.1.1. Socio-demographics information 

9.1.1.1. Household characteristics 

When it comes to annual disposable income per household (after tax), 43.3% of 

respondents was between 700k and 1,350k New Taiwan Dollars (NTD$), which fell into 

the middle-high scale set by the Accounting and Statistics Executive Yuan (2014) 29 , 

followed by 33.1% of respondents whose household annual disposable income was 

between NTD$360k and NTD$700k, classified as middle-low to middle income (ibid). That 

is, over three quarters of respondents are so-called middle class in this study area, and 

these individuals were the main research objects in the discussion on the influence of the 

urban form on travel behaviour.  

The mean average household size in this study area was 3.66 people per household, and 

the mode number (36% of respondents) of household members was 4 people. The mode 

number of adults per household was 3, whilst 63.4% of households had no minors under 

18 years of age. These figures were not significantly different from the official data (ibid), 

where there are 3.13 people and 2.63 adults per household. In other words, the 

representative household constitution in this study area was: 3 to 4 members including 

maximum one minor per household. This kind of household constitution might lead to 

the result that the percentage of choosing “walk children to school or playground” was 

generally low in the following sections.  

9.1.1.2. Private vehicle ownership and parking location 

On the whole, there were approximately 80% of respondents who owned at least one 

private vehicle (car or moped) in their household. This means that the private vehicle 

ownership rate was very high in this study area, which also corresponds to the fact 

mentioned before that Taiwan was reported as having the highest rate of private, 

motorised vehicle ownership of the world’s main developed countries (New Taipei City 

Government, 2013). If dividing the private vehicle ownership into automobiles and 

mopeds, around 60% of respondents had at least one car in their houses; that is, there 

was at least one car existing in every two households. The average car number per 

 
29 Section: Annual Disposable Income per Household of Each Fifth in Report on the Survey of Family Income 

and Expenditure. 
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household in those households with car ownership was 1.3, which was also similar to the 

official data: 1.5 per household (The Department of Statistics, Ministry of Transportation 

and Communications, 2015). In terms of moped ownership, about two thirds of 

respondents had at least one in their houses, and the average number per household in 

those households with moped ownership was 1.53, which was no clearly different from 

the official data: 1.9 per household (ibid).  

What is more, the figures of licence ownership were similar to that of private vehicle 

ownership. To illustrate this, approximately 85% of respondents had at least one car or 

moped driving licence (some 56% of respondents had both car and moped driving 

licences), so they were able to choose to use their private vehicle or walk so were able to 

travel freely. Hence, these respondents would be the main objects in the following 

analyses, because their mode choice would not be confined to their possession of private 

vehicles or driving licences. With regard to parking location, about half of the respondents 

who had private vehicles had their own parking space while the other half parked their 

vehicles on the street (including pavements). There were less than 3% of respondents 

parking their cars in designated off-street parking places. Generally speaking, this data 

was similar to the official report which states that 41.7% of Taipei citizens have their own 

parking spaces or garages while 42.2% of them park their private vehicles on the streets 

or pavements (The Department of Statistics, Ministry of Transportation and 

Communications, 2015). However, there is a difference between these findings and those 

of the report; off-street parking places are used more frequently in the official report 

(13.8%) than observed in the study area (2.7%). Moreover, of those respondents parking 

their vehicles on the streets, 80% parked them despite the legal restrictions, for example, 

no strict illegal parking enforcement, no overnight parking restriction and no parking cost 

(fee or fine). In other words, there was no parking problem or difficulty for most residents 

(including residents who had their own parking space and who parked their vehicles on 

the streets) in finding a free parking space nearby. This parking situation was likely to 

influence the respondents’ private vehicle use, which is analysed and revealed in Chapter 

10. 
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9.1.1.3. Self-selection of current resident 

More than half of respondents did not have particular self-selection in terms of their 

current residences. To illustrate this, more than half of respondents chose their current 

residences only because they were their parents’ properties and they had been living 

there since they were children. Besides this, the other reasons were that the residence 

was within budget (5.3%), the safety or atmosphere within their communities (13%), and 

the building design (2.1%). There were around 20% to 30% of respondents who 

considered a house location close to their work place/school, centre or transport 

networks. This means that most people were not aware of the relationship between their 

residence’s location and the lifestyle or commute types they prefer to have; their mode 

choices, therefore, were more likely to be affected by the built environment rather than 

residential self-selection.  

Table 9.1-1 Reasons for choosing this current residence (results of Question 18) 

 Responses 
Percent of Cases 

N Percent 

Grown up here (Parents’ property) 161 43.4% 56.7% 

Within budget 15 4.0% 5.3% 

Neighbourhood environment (safety, atmosphere…) 37 10.0% 13.0% 

Building or interior design 6 1.6% 2.1% 

(residential self-selection related reasons) 

Location (close to work place/school, city centre…) 

  

93 

 

25.1% 

 

32.7% 

Transport convenience 59 15.9% 20.8% 

Total 371 100.0% 130.6% 

Note: respondents could choose two categories  

9.1.2. Mode share characteristics 

9.1.2.1. Mode for work (or school) 

In the selected areas, nearly a fifth of respondents worked at home or were retired, they 

did not really have a work commute. Thus, removing ‘work at home’, the mode share of 

private vehicle use increased from 29% to 35%. Half of respondents choose transit (public 

transport) as their main transport mode for work or school, whilst only 15% went to on 
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foot or by bike. As a result, nearly two thirds of respondents chose a sustainable mode 

(walk or bike, and transit) to travel to work. What is more, when the results were 

compared to an official report (see Table 9.1-2), there was no significant difference 

between the mode shares calculated by this thesis and those stated in the report as the 

p-value=0.199 was greater than 0.05. However, private vehicle use in the observation area 

was 11% lower than the data revealed by The Department of Statistics, Ministry of 

Transport and Communication, Taiwan 2015. The use of private vehicles observed by this 

research was slightly contradictory to the common image or phenomenon both reported 

by Horton (2015) and also by this research that there are heavy traffic jams (especially 

moped floods) during the rush hour in Taipei city (see Figure 9.1-1). This inconsistent 

result might be affected by the selection criteria of this observation area in that residents 

indeed lived within a walkable distance radius (800 metres) of MRT stations; that is, all of 

them lived within the service area of these stations, so it was more convenient for them 

to use public transport and they were more likely to use less private vehicles to travel to 

work compared with general statistics covering all Taipei citizens. 

Table 9.1-2 Mode share for work 

 Frequency Percentage1 Percentage2 Average percentage in Taipei city 

(The Department of Statistics, 2015) 

 

Work at home 55 19% --  

Private vehicle driver or passenger 81 29% 35% 46% 

Transit 114 40% 50% 41% 

Walk or bike 34 12% 15% 13% 

Total 284 100% 100% 100% 

 

 

Figure 9.1-1 Morning rush hour in Taipei  
Right: taken by Sean Marc Lee, and reported in Horton (2015)’s news article 
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9.1.2.2. Mode for errands 

From the information given in Table 9.1-3, it can be seen that there were approximately 

45% of respondents who chose ‘walk or bike’ as their main transport mode for errands. 

The total percentage of sustainable mode choices (walk or bike and transit) was about 

80%, and slightly less than a fifth of residents conducted errands using private vehicles 

(unsustainable mode choice). Compared to the results of work trips stated above, 

residents tended to use sustainable modes more for their errand trips than for their work 

ones; especially the mode share of walking, it was over three times higher in errand trips 

than in work ones (12%). In other words, residents’ private vehicle dependency was 

higher when they went to work than when they conducted errands. This result somehow 

corresponded to the statement that the quality of environment has more potential to 

affect people’s mode choice for non-work trip than for work ones (Boarnet & Crane, 

2001a; Cao et al, 2009b) as not only is a work trip a derived-demand perspective, which 

is too narrow for understanding walking behaviour, but also travel time is the most 

significant predictor of mode choice for work trips (Handy et al, 2002).  Moreover, the 

research results also reflected the Taiwanese official findings in Investigation Report of 

Current Use of Private Vehicles which found that the reason for people using private 

vehicles is mainly (56.3%) for work and school trips, and the reason why people prefer 

private vehicle to walking or public transport is largely due to time saving and convenience 

(The Department of Statistics, Ministry of Transportation and Communications, 2015).  

Table 9.1-3 Mode share for errands 

Although the mode share of private vehicle was much lower in this study area than in 

Taipei city, the phenomenon observed by this research during the fieldwork still showed 

an unsustainable performance in the study area; there was still a large number of private 

vehicle use and temporary illegal parking around or in front of convenience stores, small-

scale eateries, drink take-aways, etc. (see Figure 9.1-2). These neighbourhood scale shops 

mostly provide daily and essential services; that is, they basically serve the local people 

 Frequency Percentage Average percentage in Taipei city 

(The Department of Statistics,2015) 

Private vehicle driver or passenger 54 19% 42% 

Transit 103 36% 37% 

Walk or bike 127 45% 21% 

Total 284 100% 100% 
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who live nearby within walkable distance. However, some of these residents still used 

private vehicles for their errand trips (this research assumed that most temporary illegal 

parking was from local residents).  

Moreover, of the respondents who chose public transport as their main mode for work, 

school or errands, 91.67% walked or cycled to transit stations. However, there were still 

8.33% of them driving to transit stations and parking their cars or mopeds around the 

stations. The official report from The Department of Statistics, Ministry of Transportation 

and Communications (2015) does show that some people use private vehicles (especially 

moped drivers) as transition modes from their houses to the MRT, train and high speed 

railway stations. The reason why these respondents travel to public transport stations 

using private vehicles was not explained in this thesis, but, it would be worth discovering 

in future research whether there is poor walking space connecting respondents’ dwellings 

to stations. 

On the whole, the dependence on private vehicles was nearly twice higher in work trips 

compared to errands. This result was generally consistent with other researchers’ findings 

or claims that travel time and travel cost are more significant than the aesthetic appeal of 

the environment during travelling as a work trip is a derived-demand journey or necessary 

trip which is less flexible (Boarnet & Crane, 2001a; Gehl, 2011; Handy, 1996a; Handy et al, 

2002; Hess, 2008; Krizek, 2003a). 

 

Figure 9.1-2 Left: temporary parking in front of a convenience store.  
Right: illegal temporary parking in front of local eatery 
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9.1.3.  Walking characteristics 

9.1.3.1. Walking attitude and preference 

There were four questions in the questionnaire which were designed in order to 

determine respondents’ walking attitude and preference (where the number in 

parentheses is the average score of that statement). 

Q14. I like walking and strolling (4.3);  

Q15. Walking can sometimes be easier for me than driving (4.2);  

Q16. I am willing to walk for short distances in daily life (4.4);  

Q17. I prefer a street with good surroundings (neighbourhood), even if a little detour is   

          necessary (4). 

Generally speaking, the walking attitude of most respondents was positive as the average 

scores of these statements were over 4 out of 5 on the Likert scale. There were no more 

than 9% of respondents who chose “disagree” or “strongly disagree” for their answers to 

the four walking habit-related statements. This implies that over 90% of respondents 

could be regarded as potential walkers, where the condition of the environment is likely 

to affect their mode choice, given the fact that the condition was explicitly included in the 

questionnaire statements. This outcome was consistent with a Taiwanese research study 

conducted by Hsia et al (2009). The four questions used in this thesis are also included in 

their research, and the average scores of these four statements in their research study 

are between 3.5 and 3.7 (out of 5), which means Taiwanese people generally have a 

positive attitude towards walking. However, there was an interesting finding in this thesis 

that the total percentage of “disagreement” and “neutral” was higher in Q17 (26%) than 

other questions (from 9% to 20%, see Appendix 9-1). This result somehow corresponds 

to Gehl (2011: p.37)’s opinion that ‘most people prefer direct routes and short cuts.’ In 

fact, people who disagreed with the statement of Q17 indeed mentioned that they 

preferred short cuts, and did not really care about the environment conditions. 

Consequently, for those respondents whose walking attitude was negative, they were 

removed from further analyses as they were likely to choose driving regardless of whether 

the walking environment is comfortable or not as they did not like walking.    
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9.1.3.2. Weekly walking trips within neighbourhoods 

Regarding walking behaviour data, the respondents wrote down exactly how many times 

and how long they walked weekly in the questionnaire. To simplify the calculation, the 

research study re-classified and re-coded the original frequency and duration of walking 

data into five groups (see Table 9.1-4 and Table 9.1-6). The percentages of the new five 

groups in weekly walking frequency and in walking duration are presented in Table 9.1-5 

and Table 9.1-7, and both their cumulative percentages also show that the new groups of 

walking frequency and duration are closer to the normal distribution than the original 

data. What is more, the new classification of walking pattern is used in the subsequent 

analysis with variables of front space use in Section 9.2.2 and Chapter 10.  

Table 9.1-4 The definition of five levels of walking frequency 

Code Catalogue  Frequency 

(Daily / Weekly) 

Description  

1 Almost never walk 0 / 0-3 Almost never walk, or walk occasionally 

during a week.  

2 Sometimes walk 1 / 4-6 Almost walk once a day, but not every single 

day during a week.  

3 Often walk 1-2 / 7-13 Walk at least once a day, even twice a day 

sometimes.  

4 Usually walk 2-3 / 14-20  Walk at least twice a day, even three times a 

day sometimes. 

5 Almost always walk  More than 4 / 21 Walk at least four times a day. 

The weekly localised walking trip is also analysed in Hess (2008), but this thesis did not 

directly employ the frequency scales used by Hess (four levels: 0-2; 3-4; 5-6; and more 

than 7). This is because the frequency scales Hess uses to measure a resident’s walking 

behaviour in Toronto may not be suitable for Taiwanese walking habits which may also be 

related to culture or weather differences. In fact, Table 9.1-4 does show that the 

respondents’ weekly walking frequency is much higher than that found in Hess’s research; 

for example, seven walking times would be classified into the highest scale by Hess, but 

seven times would be only classified into the middle scale: sometimes walk by this thesis.  
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Table 9.1-5 The percentage of five levels of weekly walking frequency 

  

 

 

 

Table 9.1-6 The definition of five levels of walking duration 

Code Catalogue  Walking duration 

 (Daily-Minutes / Weekly-Hours) 

Description  

1 Very low 

amount of 

walking 

Less than 5 / 0.5 Almost never walk out: spend less than 5 

minutes on walking a day, or walk less than 

half an hour during a week.  

2 Low amount 

of walking 

5-10 / 0.5-1 5-10 minutes walking time a day, or half an 

hour to one hour during a week.  

3 Medium 

amount of 

walking 

10-35 / 1-4 10-35 minutes walking time a day, or one to 

four hours during a week. 

4 High 

amount of 

walking 

35-60 / 4-6.5 35 minutes to one hour walking time a day, or 

4-6.5 hours during a week. 

5 Very high 

amount of 

walking 

More than 60 / 6.5 Walk at least one hour a day. 

 

Table 9.1-7 The percentage of five levels of weekly walking duration 

 

 

 

 

 Frequency Percent Cumulative Percent 

 

1 Almost never walk 35 12.3% 12.3% 

2 Sometimes walk 38 13.4% 25.7% 

3 Often walk 114 40.1% 65.8% 

4 Usually walk 63 22.2% 88.0% 

5 Almost always walk 34 12.0% 100.0% 

Total 284 100.0% - 

Walking duration Frequency Percent Cumulative Percent 

 

1 Very low amount of walking 19 6.7% 6.7% 

2 Low amount of walking 39 13.7% 20.4% 

3 Medium amount of walking 148 52.1% 72.5% 

4 High amount of walking 44 15.5% 88.0% 

5 Very high amount of walking 34 12.0% 100.0% 

Total 284 100.0% - 
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9.1.3.3. Relation between mode choice and walking behaviour 

This cross-analysis is used to understand if residents’ walking reasons (or habit) are 

associated with their preferred errand modes. For example, people who walk dogs might 

be more likely to have more positive walking attitudes or prefer to conduct errands by 

walking than the average, because people who have dogs might be more sociable and 

enjoy interacting with neighbours more. When this research looked into the cross-

tabulation (Table 9.1-8), it did find that people who walked dogs or walked for exercise 

and enjoyment had higher mode share of sustainable modes (transit, walk or bike) for 

errand trips, with around 84%, than the total average mode share of sustainable modes. 

Conversely, they had less mode share of private vehicle use than the other walking 

reasons.  

Besides this, people who walked out for trash, and who walked children to school, the 

park, or playground had mode shares of driving vehicles for errands which were slightly 

higher than that of other walking reasons, which were 21.3% of taking out trash and 

21.7% of walking children. For the people who walked for children, Hess (2008)’s 

explanation somehow answers why they had higher private vehicle use as the households 

with children (family households) are found by most transport research to be related to 

higher household income and are more likely to rely on private vehicles than do lower 

income households without children (nonfamily households). Corresponding to Hess’s 

finding, this thesis did find that family households had both a higher proportion of middle 

to high levels of household income and higher average numbers of cars and mopeds than 

nonfamily households. To illustrate this, the percentage of low annual household income 

(less than NTD$360k) was lower in family households (less than 2%) than in nonfamily 

households (approximately 9%); and the average numbers of cars and mopeds per family 

household was 0.81 and 1.05 respectively, whilst that of nonfamily households were 0.69 

and 0.9.  

Similarly to the findings above, for residents who usually drove for errands, they had 

higher percentages of taking out trash (53.7%) and walking children (24.1%) than did 

people who usually took public transport, walked or cycled for errands. For example, the 

percentages both of taking out trash and of walking children were 38.8% and 20.4% in 

transit mode, whilst they were 52.8% and 20.5% in walk or bike mode.  
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According to the statistical results, there seemed to be a correlation between driving 

vehicles and reasons for walking children and for taking out trash. In addition to the 

possible impacts associated with household income and with private vehicle possession 

mentioned above, the correlation was also probably related to the fact that a certain 

number of interviewees were grandparents, who were retired and were responsible for 

both walking children to school or the playground and also taking trash out or waiting for 

the garbage truck. These grandparents were likely to choose private vehicles as their main 

mode for conducting most errands based on their physical health, which might be 

confined to walking to complete easier tasks, such as taking out trash. Having said that, 

for residents who usually drove for errands, 81.5% of them still sometimes conducted 

their errands by walking, and 61.1% of them walked for exercise or enjoyment.  

Table 9.1-8 Contingency table of the relation between walking reasons and modes for errands 

Question 3: Walking reasons  
Question 2: Errand Modes 

Total 
Private vehicle Transit Walk or bike 

(Transport) 

 
Conduct errands 

Count 44 82 117 243(85.6%) 

% within Q3 18.1% 33.7% 48.1%  

% within Q2 81.5% 79.6% 92.1%  

(Necessary/ 

optional) 

Take out trash or wait 

for garbage truck 

Count 29 40 67 136(47.9%) 

% within Q3 21.3% 29.4% 49.3%  

% within Q2 53.7% 38.8% 52.8%  

Walk dogs 

Count 3 8 7 18(6.3%) 

% within Q3 16.7% 44.4% 38.9%  

% within Q2 5.6% 7.8% 5.5%  

Walk children to school, 

or playground 

Count 13 21 26 60(21.1%) 

% within Q3 21.7% 35.0% 43.3%  

% within Q2 24.1% 20.4% 20.5%  

(Optional) Exercise or enjoyment 

Count 33 70 90 193(68.0%) 

% within Q3 17.1% 36.3% 46.6%  

% within Q2 61.1% 68.0% 70.9%  

Total 
Count 54 103 127 284 

% of Total 19.0% 36.3% 44.7% 100.0% 

In general, mode shares corresponding to every walking reason were arguably similar to 

the average mode shares of the whole study area. For example, the mode shares within 

the reason for conducting errands were 18.1% for private vehicles, 33.7% for transit, and 

48.1% for walk or bike; while the total mode shares were 19% for private vehicles, 36.3% 

for transit and 44.7% for walk or bike as shown in Table 9.1-8. 
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9.2.  The relationship between building types and travel activity analysed by the 

Chi-square test 

There is limited knowledge and discussion of the relationship between building type and 

travel activity in the literature review. As mentioned at the beginning of this chapter, some 

researchers do discuss the relationship between buildings and travel activity. For example, 

in terms of social activity, Alexander et al (1977), Kitahara (2003) and Gehl (2011) all point 

out the negative influence from building height but the positive influence from mixed 

building use on social activity; for instance,  multi-storey buildings or high-rise buildings 

often limit people’s outdoor activities or isolate their social interaction with neighbours. 

However, dwellings combined with other uses often bring in more activities and enhance 

street life. Besides this, functionalistic detached flat blocks with over-dimensioned front 

open space are responsible for the thinning out of outdoor activity (Gehl, 2011: p.85); by 

contrast, row houses with small front gardens may have more outdoor activity (ibid: p.79). 

What is more, Gehl (2011) also mentions the relationship between building types and 

travel behaviour; for example, he finds that “low open single family housing areas, made 

possible by the increased use of automobiles, have been extensively developed in a 

number of countries (p.46).” However, in his claims, the critical impact on travel activity 

from form is more related to interface types that particular buildings have (e.g. open front 

gardens or garages) rather than the direct effect from the features of buildings themselves 

(e.g. building configuration, materials, etc.). Nevertheless, these discussions about the 

relationship between building types and travel activity are opinions without statistical 

evidence; that is, there is no robust, statistical analysis existing to prove the relationship 

between building types and travel activity in the literature review. Therefore, this thesis 

used a Chi-square test to obtain a general understanding whether there is a significant 

relationship between them. 

9.2.1. Building types vs. mode shares  

The ten final building types clustered from Chapter 6 were analysed with mode share 

from work trip and from errand trip respectively to see if there is a significant difference 

of mode share between the ten building types (for the morphological details of building 

types please refer to Section 7.1.2). The mode share of each building type was the 

aggregate proportion of mode choice from an individual respondent who lived in that 
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type of dwelling. In Chi-square tests, the null hypothesis of work trip and that of errand 

trip are the same where the mode shares, i.e. the percentages of different transport 

modes of each building type (see Table 9.2-1 and Table 9.2-2) are homogeneous; and 

Table 9.2-3 shows the results of these from both work and errand trips.  

Table 9.2-1 Mode shares for work from the final ten building types 

Building types 

Mode share for work  Total 

Private 

vehicle 
Transit 

Walk or 

bike 

 
Count Percentage 

BT1. Detached Flat 40.0% 56.0% 4.0%  25 100.0% 

BT2. Semi-detached Flats 36.7% 50.0% 13.3%  30 100.0% 

BT3. Row Flats 46.2% 42.3% 11.5%  26 100.0% 

BT4.Detached Condominium 55.6% 44.4% 0  9 100.0% 

BT5. Semi-detached Condominiums 33.3% 66.7% 0  6 100.0% 

BT6. Row Condominiums 16.7% 66.7% 16.7%  6 100.0% 

BT7. Collective Condominiums 50.0% 38.9% 11.1%  18 100.0% 

BT8. Detached Single Family House NA NA NA  NA NA 

BT9. Detached Temporary House NA NA NA  NA NA 

BT10. Detached Traditional House NA NA NA  NA NA 

Note:  
the original data of respondents who worked at home or were retired were left out of this analysis. 

NA: no respondent lived in those specific building types. 

The outcome from work trip or from errand trip shows that the null hypothesis cannot be 

rejected as the p-value of work or of errands was higher than 0.05 (p work=0.155 and p 

errands=0.759), which means that there was no significant relationship between building 

types and mode shares. That is, it is not possible to state that the mode shares related to 

various building types are different, or to say that various building types can lead to a 

different mode choice. Hence, this research can merely conclude that building type might 

not be the key element of urban form to significantly influence mode choice in the study 

area. Although Gehl (2011) does point out that low open single family housing areas 

might be associated with increased car trips, there is no a further discussion or statistical 

report supporting this claim. Moreover, this research did not obtain the travel data from 

residents living in single family houses. Therefore, there is no contribution from this 

research to the discussion about the relationship between single family house and its 



357 

related mode choice.  

Consequently, in terms of the relationship between building types and mode choice, apart 

from this thesis, there has been no other research found discussing a related subject in 

the literature review. Therefore, there has been no clear answer on the direct influence 

from building types (including building plan form, configuration, function, etc.) on mode 

choice or on what kinds of building types could encourage residents to walk or cycle more. 

Table 9.2-2 Mode shares for errands from the final ten building types 

Building types 

Mode share for errands  Total 

Private 

vehicle 
Transit 

Walk or 

bike 
 Count Percentage 

BT1. Detached Flat 18% 46% 36%  28 100.0% 

BT2. Semi-detached Flats 20% 38% 43%  40 100.0% 

BT3. Row Flats 29% 25% 46%  28 100.0% 

BT4.Detached Condominium 27% 45% 27%  11 100.0% 

BT5. Semi-detached Condominiums 13% 25% 63%  8 100.0% 

BT6. Row Condominiums 25% 42% 33%  12 100.0% 

BT7. Collective Condominiums 23% 32% 45%  22 100.0% 

BT8. Detached Single Family House NA NA NA  NA NA 

BT9. Detached Temporary House NA NA NA  NA NA 

BT10. Detached Traditional House NA NA NA  NA NA 

NA: no respondent lived in those specific building types. 

 

Table 9.2-3 The results of Pearson Chi-square tests from work and errand trips 

 F-value df p-value 

Work trip 27.496 21 0.155 

Errand trip 10.047 14 0.759 
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9.2.2. Building types vs. walking behaviour  

From the information given in Table 9.2-4, there was a significant relationship between 

building types and a resident’s weekly walking duration as p duration=0.000 (<0.05), yet 

there was not a significant relationship between building types and a resident’s weekly 

walking frequency as p frequency=0.939 (>0.05). In other words, building types were 

associated with different amounts of walking duration but not with different levels of 

walking frequency.  

Table 9.2-4 The results of Pearson Chi-square tests from walking behaviour 

 F-value df p-value 

Walking frequency 17.454 28 0.939 

Walking duration 67.145 28 0.000 

Moreover, Table 9.2-5 shows that there was a relatively higher percentage of residents 

spending less time on walking in BT2: semi-detached flats, BT3: row flats and BT4: 

detached condominium as their Adjusted Residual30 (AR) values of “Very low amount of 

walking” or of “Low amount of walking” were relatively greater than the other building 

types with 2.2, 4.1 and 2.0 respectively; especially respondents living in BT3, not only the 

fact that 50% of them were in the “Low amount of walking” group, which equals five to 

ten minutes walking time a day; but also the percentage of “Medium amount of walking” 

was relatively lower at 21.4% (AR=-2.6) than other building types. 

By contrast, there was a relatively higher percentage of residents spending more time on 

walking in BT1: detached flat and BT7: collective condominiums than other building types. 

To illustrate this, BT1’s AR value of “High amount of walking” was relatively high at 2.2 

and “Low amount of walking” was relatively low at -3; and the AR value of “High amount 

of walking” in BT7 was 2.9, where nearly a third of respondents walked more than half an 

hour a day, or 4 to 6.5 hours during a week. What is more, the results of BT7 was also 

consistent with that of the favourable neighbourhood type with good walking 

performance recognised later in Chapter 10, where the neighbourhood exactly consists 

 

30  Adjusted residual is used to compare the results in the cross-tabulation, indicating whether a cell’s 

observed frequency is significantly larger than would be expected. The general rule is: when the AR value 

is greater than 1.96 (but 2.0 is used by convention), the cell’s observed frequency is greater than the 

expected frequency; by contrast, if the value is less than -2, the cell’s observed frequency is less than the 

expected frequency. 
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of collective condominiums.  

Table 9.2-5 Comparison of residents’ walking duration from the final building types 

Building 

type 

Walking duration 

Very low 

amount of 

walking 

Low amount 

of walking 

Medium 

amount of 

walking 

High amount 

of walking 

Very high 

amount of 

walking 

Total 

% AR % AR % AR % AR % AR N % 

BT1 0 -1.4 0 -3.0 50.0% .8 25.0% 2.2 25.0% 1.2 28 100.0% 

BT2 12.0% 2.2 25.0% .6 42.5% -.1 2.5% -2.2 17.5% .1 40 100.0% 

BT3 3.6% -.5 50.0% 4.1 21.4% -2.6 7.1% -1.0 17.9% .1 28 100.0% 

BT4 18.2% 2.0 18.2% -.3 18.2% -1.7 9.1% -.4 36.4% 1.8 11 100.0% 

BT5 0 -.7 12.5% -.6 62.5% 1.1 0% -1.1 25.0% .6 8 100.0% 

BT6 0 -.9 33.3% 1.1 33.3% -.7 16.7% .4 16.7% .0 12 100.0% 

BT7 0 -1.2 4.5% -2.1 63.6% 2.1 31.8% 2.9 0 -2.3 22 100.0% 

ELSE 10.0% .6 20.0% -.1 70.0% 1.8 0 -1.2 0 -1.5 10 100.0% 

Total 5.7% - 21.4% - 43.4% - 12.6% - 17.0% - 159 100.0% 

BT8, BT9, BT10 were left out of this table as there was no respondent interviewed in these types. 

AR: Adjusted Residual 

The results shown above were partially consistent with some of Gehl (2011)’s claims but 

partially contradictory to other ones. To illustrate this, BT4: detached condominium is a 

building type with at least seven floors with one communal front space, where he thinks 

residents living on the higher floors may feel it inconvenient to come and go and to engage 

in outdoor activity (including walking). On the other hand, he supposes that row flats 

(identified as BT3 in this thesis) with small front gardens may have more opportunity to 

induce more outdoor activity (including walking) as the residents generally spend a longer 

time outside in the front gardens. However, on the contrary, a higher percentage of 

residents living in BT3: row flats were found by this thesis to spend less time on walking 

than most other building types. The inconsistence was perhaps caused by the fact that 

row flats in the study area did not have proper front gardens for residents to spend time 

in and probably further influence their willingness to engage in outdoor activity or walking. 

Besides this, he also points out that detached flat blocks thin the outdoor activity due to 

its over-dimensioned open space, road and pavement scale, which is contradictory to this 
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research finding that BT1: detached flat had a significantly higher percentage of longer 

walking duration than shorter walking duration.  

 

 

9.3. The relationship between street types and travel activity analysed using a 

Chi-square test 

As mentioned at the beginning of this chapter, there is more attention drawn to street 

types than building types in the travel activity related studies. The influence of street 

connectivity, pedestrian facility (e.g. pavements) and aesthetical street elements are 

commonly discussed with mode choice, walking behaviour and social activities. For 

example, a certain number of studies debate the influence of road type or street system 

on travel behaviour (e.g. see Brown et al, 2000; Handy, 1996a; b; Handy et al, 2002; Hess, 

1997; Krizek, 2003b; Lin et al, 2011; Lin & Chang, 2008; Schwanen & Mokhtarian, 2005; 

Stead & Marshall, 2001). Most of these studies “connectivity indictors”, i.e. the directness 

and availability of alternative routes within a street network, such as the number of 

intersections and an average block length (used by Handy et al, 2002; Hess, 1997; Lin & 

Chang, 2010); others regard the characteristics of pavement as one critical feature of 

street type, such as length percentage or measurement (width is used most) of pavement 

to discover the relationship between them and mode choice (Lin et al, 2011; Lin & Chang, 

2008).  

However, there has been little research studying the relationship between street type and 

travel behaviour using both “morphological features” and “functions” of street 

simultaneously as an integral “morphological indicator”. This research believes that the 

road function (or road state, which implies different traffic volume and vehicle speed) and 

the road form (including measurements, the presence of street trees, of pavements, and 

of official on-street parking spaces etc.) are the characteristics of street types that will 

affect residents’ mode choice concurrently since when travellers (both drivers or 

pedestrians) are using the street space, they not only perceive and experience one 

individual element of street types (e.g. the presence of pavement or not), but the whole 

street environment.  
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Therefore, the twelve final street types classified in Chapter 6, which are the 

combinations of road function and road form, are analysed here with mode share from 

work trip and errand trip respectively to see if there is a significant difference of mode 

share from all the street types (the morphological details of each street type please refer 

to Section 7.2.2). 

 

9.3.1. Street types vs. mode shares  

The mode shares from each street type were the aggregate proportion of mode choice 

from individual respondents whose main dwelling entrance was directly connected to 

that type of street. This is similar to the analysis processes in the building types section. 

In Chi-square tests, the null hypothesis of work trip and that of errand trip were the same 

in that mode shares, i.e. the percentages of different transport modes, of each street type 

(see Table 9.3-2 and Table 9.3-3) are homogeneous; and Table 9.3-1 shows the results of 

the Chi-square tests from both work trip and errand trip. 

Table 9.3-1 The results of Pearson Chi-square tests from work trip and errand trip 

 F-value df p-value 

Work trip 27.788 27 0.422 

Errand trip 32.375 18 0.020 

From the result given in Table 9.3-1, the result failed to reject the null hypothesis that the 

mode shares for work are homogeneous in different street types as p work=0.422 (>p=0.05). 

However, with regard to errand trip, the null hypothesis was rejected as p errands=0.020 

(<p=0.05), which means that there was an evidence showing that various street types 

were related to different mode shares for errands. 

What follows is further discussion about the relationship between mode shares of errand 

trip and street types as the relationship was significant in the Chi-square test. When it 

comes to private vehicle use for errands, ST4 (secondary road with parking space) had the 

highest percentage (62.5%) out of all street types as its AR value was 3. In addition to ST4, 

ST5 (service road with parking space) had the second highest percentage of private 

vehicle use with 35.7% as its AR value was 2.2.  
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Table 9.3-2 Comparison of mode share for work from the final street types 

Street types 

Mode share for work Total 

C ount   Private 

vehicle 
Transit 

Walk or 

bike 

ST1. Secondary road without any interface type 12.5% 75.0% 12.5% 8  

ST2. Service road without any interface type 38.1% 52.4% 9.5% 63  

ST3. Cul-de-sac without any interface type 0 66.7% 33.3% 3  

ST4. Secondary road with parking space 66.7% 33.3% 0 6  

ST5. Service road with parking space 54.2% 37.5% 8.3% 24  

ST6. Secondary road with parking space and kerbed pavement 20.0% 60.0% 20.0% 5  

ST7. Service road with parking space and kerbed pavement 37.5% 50.0% 12.5% 8  

ST8. Service road with painted pavement 0 50.0% 50.0% 2  

ST9. Service road with kerbed pavement NA NA NA NA  

ST10. Secondary road with striped crosswalk NA NA NA NA  

ST11. Major road with striped crosswalk and cycle lane  NA NA NA NA  

ST12. Major road with median and kerbed pavement 50.0% 50.0% 0.0% 6  

Note:  
i. the original data of respondents who worked at home or were retired were left out in this analysis. 
ii. ST10 and ST11 are intersections which have no residents living on. 
iii. NA - no respondent lived in those street types. 

 

Table 9.3-3 Comparison of mode share for errands from the final street types 

Street type 

Mode share for errands 

Private vehicles Transit  Walk or bike 
Total Count 

% AR % AR % AR 

ST1 25.0% 0.3 62.5% 1.6 12.5% -1.8 8 

ST2 16.9% -1.2 41.6% 1.5 41.6% -0.5 77 

ST3 0 -0.9 0 -1.3 100.0% 2 3 

ST4 62.5% 3 12.5% -1.4 25.0% -1.1 8 

ST5 35.7% 2.2 21.4% -1.8 42.9% -0.1 28 

ST6 0 -1.3 33.3% -0.1 66.7% 1.2 6 

ST7  7.7% -1.2 30.8% -0.4 61.5% 1.4 13 

ST8 0 -0.9 66.7% 1.1 33.3% -0.4 3 

ST12  20.0% -0.1 50.0% 1 30.0% -0.9 10 

Note:  
i. ST9, ST10, ST11 were left out from this table as there was no respondent interviewed in these types. 
ii. AR - Adjusted Residual 

However, in terms of walk or bike, ST3 had the highest percentage of walk or bike than 

the other types with 100% as its AR was 2, the greatest value in that row.  However, this 

finding is contradictory to Ford (2000a; 2001)’s opinion about cul-de-sacs, where the 

segregated cul-de-sacs isolate neighbourly activity and are related to an automobile-
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oriented lifestyle. There are two possibilities which might lead to the contradictory 

findings. Firstly, the definition of Ford’s cul-de-sac is slightly different from this thesis; the 

cul-de-sacs which he refers to are the typical type, curvilinear “loop and lollipop” streets, 

which became popular in the vast and purely residential zoning areas in the suburbs 

between the 1950s and 1960s in the USA; yet this thesis adopted a broader meaning of 

cul-de-sac as a lane or alley closed at one end (Harris, 2005), and the observed cul-de-

sacs in this research (see Figure 7.2-11) were more like a mews/courtyard, i.e. shared 

space for parking and other uses defined by Yeang (2000: p.75). Secondly, the sample size 

of ST3 was not large enough to get a representative and robust result.  In addition to ST3, 

ST6 (secondary road with parking space and kerbed pavement) and ST7 (service road with 

parking space and kerbed pavement) both had relatively higher percentages of walk or 

bike with around 65%, where their AR values were relatively higher than other types 

although they were not greater than 2. By contrast, the lowest proportion of walk or bike 

was found in ST1 (secondary road without any interface type) with 12.5% (AR= -1.8).  

Considering the shares of sustainable transport modes (transit plus walk or bike), in 

addition to ST3, ST6 and ST7 mentioned above, ST8 (service road with painted pavement) 

was also associated with the highest sustainable mode share (100%) as mode share of 

transit was up to 66.7%. Conversely, ST4 and ST5 indeed had the lowest sustainable mode 

share with 37% and 64% respectively.  

Following the statistical outcome, as far as street form is concerned, favourable street 

types (in terms of high shares of sustainable modes) happened to have pavements (except 

ST3), whilst the unfavourable street types happened to have parking spaces but did not 

contain pavements. ST8 was found not only to have the second highest mode share of 

walking, but also have less illegal parking than the streets with kerbed pavements or with 

marked parking spaces. This finding somehow corresponds both to Monderman (2006)’s 

claim that shared streets create a safer pedestrian environment, and also to the report 

from Taipei city government revealing that painted pavement works better than parking 

restriction (red/yellow) lines in terms of decreasing the incidence of on-street illegal 

parking (Neighbourhood Traffic Environment Improvement Project, 2015). 

Having said that, when this thesis compared all the form details of street types and their 

related mode shares, those which contained a pavement found in this thesis might not 

have absolutely better performance than those without one in terms of more sustainable 
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mode use, although most research reveals that there is a significantly positive correlation 

between pavement and walking behaviour (e.g. see Handy et al, 2002; Lee & Moudon, 

2006; Lin & Chang, 2010; Moudon et al, 2002; Speck, 2012; 2013). To illustrate this, the 

mode share of private vehicles of ST12-major road with median and kerbed pavement 

(20%) was higher than that of ST2-service road without any interface types (16.9%).  This 

result might be caused by the different road functions. For instance, the function of ST12 

is major road where its road hierarchy is higher than secondary road (the function of ST2) 

and also implies high traffic volume and fast vehicle speed, which are likely to affect the 

pedestrians’ perception of safety, so that the positive effect from pavements was reduced 

in this street type. Despite the finding that the presence of pavement might not be a 

sufficient factor to decrease private vehicle use, generally speaking, the average mode 

share of private vehicles was indeed lower in the street types with pavements (9.4%) than 

in those without (24.2%). This means that, as other research states, broadly speaking, 

streets with pavements are indeed associated with lower private vehicle use than other 

types in the selected study areas.  

In addition to pavement, in general, the street types with on-street parking space were 

associated with more private vehicle use. For example, the average mode share of private 

vehicle in street types without parking space was nearly 50% lower than that of street 

types with parking space (16.8% vs. 29.1%). It corresponds to the situation in Taiwan that 

parking convenience increases private vehicle use. This result is also consistent with both 

Shoup (1997) and Speck (2012; 2013)’s claim that, sufficient parking supply is the key 

factor in increasing or encouraging driving behaviour.  

Nevertheless, when this research looked into the details of each street type, the street 

types with parking space but also adjacent to pavements (e.g. ST6 and ST7) were found 

to still have lower mode share of private vehicle than those with parking space but 

without pavements (e.g. ST4 and ST5). To illustrate this, the mode shares of private vehicle 

in ST6 and ST7 were 0% and 7.7% respectively (these two figures were even lower than 

the other street types without parking space), whilst the mode shares of private vehicle 

in ST4 and ST5 were 62.5% and 35.7%.  This finding, to some extent, reflects Speck 

(2013)’s words,  

“On-street parking provides a barrier of steel between the roadway and the 

sidewalk that is necessary if pedestrians are to feel fully at ease while walking. It 



365 

also causes drivers to slow down out of concern for possible conflicts with cars 

parking or pulling out” (p.18).  

That is, to consider the whole street environment, parking spaces could possibly 

encourage people to drive more, but if parking spaces connect to pavements, then they 

could turn into a favourable element to create a safe walking space for pedestrians.   

According to the findings above, the research concluded that when streets provide proper 

walking space, the parking convenience from on-street parking spaces might not 

significantly increase residents’ driving trips because on-street parked cars could act as 

protection between pedestrians and cars which are driving past. On the other hand, the 

safety benefit for pedestrians derived from on-street parking space might not only 

disappear but it could also become attractive to drivers if streets do not provide proper 

walking space. This is due to the reason that  when finding parking spaces is easier for 

drivers, pedestrians walking on the road (not the pavement) need to be more cautious 

about the sudden pulling out or pulling up of cars, and are exposed to more danger from 

cars passing by when pedestrians try to avoid on-street parked cars. In brief, all the results 

emphasise one thing: it is important to consider the whole street environment (combining 

all the characteristics of street types together) when conducting research studying the 

relationship between street types and mode choice, because residents’ mode choice will 

be influenced simultaneously by a street’s function, form, contents, etc., not only the 

presence or proportion of pavements or parking spaces. 

From the distribution of respondents’ dwelling locations in Figure 9.3-1, this thesis can 

see the spatial relationship between residents who used different modes for errands and 

the layouts of different street types. When the colour shade of street types becomes 

greener, such street types are more likely to be associated with more sustainable mode 

share; by contrast, the red colour means the mode share of those street types is relatively 

unsustainable. Consequently, the red dots (representing residents whose usual mode for 

errands is private vehicle) tend to cluster near the street types with orange-red colours. 

However, the colour scheme shown on the map (Figure 9.3-1) is based on a single average 

value used and applied to every street of that type (this corresponds to the results in Table 

9.3-3); that is, all streets of the same type have the same colour. As a result, some red 

dots might be found located near the streets in green, or green dots are connected to the 

streets in orange-red. Those individual cases might be influenced by their interface types 
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which are discussed in the next chapter.  

Generally speaking, from the graphical pattern given by the ArcGIS map, the 

unsustainability rating is higher when the street is wider and longer (representing the fact 

that the hierarchy of the street is higher). Consequently, there is a tendency for the 

distribution of unsustainable street types and private vehicles users (red dot) to cluster 

north-easterly because most major roads and secondary roads are located in the east and 

north part of the selected study area. On the other hand, sustainability is higher in the 

south-western area (for example, the streets are greener, and there are more green dots: 

pedestrians, cyclists or public transport users) because the road function is mainly service 

roads, such as lanes, alleys, and private walkways, which local residents use for access.   
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Figure 9.3-1 The distribution of street types and respondents 
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9.3.2. Street types vs. walking behaviour 

From the Chi-square test result in Table 9.3-4, there was no significant relationship 

between street types and weekly walking frequency as p frequency=0.400 (>p=0.05). The 

walking frequency, which was statistically insignificant, might be related to the feature of 

land use, where varied commercial services are evenly distributed in the study area. To 

illustrate this, Cao et al (2009) find that the density of mixed land use significantly affect 

the frequency of non-motorised trips (particularly walking) because the wide variety of 

businesses or services is likely to encourage more walking or biking trips. That is, the 

respondents lived in different street types but they all shared or were able to access 

similar commercial services. Therefore, street types were unlikely to be the key factor 

affecting their walking frequency.  

Table 9.3-4 The results of Pearson Chi-square tests from walking behaviour 

 F-value df p-value 

Walking frequency 37.516 36 0.400 

Walking duration 59.521 36 0.008 

 

Table 9.3-5 Comparison of residents’ walking duration from the final street types 

Street 

type 

Walking duration 

Very low 

amount of 

walking 

Low amount 

of walking 

Medium 

amount of 

walking 

High amount 

of walking 

Very high 

amount of 

walking 

Total 

% AR % AR % AR % AR % AR N % 

ST1 0 -0.7 0 -1.5 50.0% 0.4 12.5% 0 37.5% 1.6 8 100.0% 

ST2 7.8% 1.1 24.7% 1 44.2% 0.2 10.4% -0.8 13.0% -1.3 77 100.0% 

ST3 33.3% 2.1 33.3% 0.5 33.3% -0.4 0 -0.7 0 -0.8 3 100.0% 

ST4 0 -0.7 12.5% -0.6 25.0% -1.1 12.5% 0 50.0% 2.6 8 100.0% 

ST5 0 -1.4 21.4% 0 28.6% -1.7 14.3% 0.3 35.7% 2.9 28 100.0% 

ST6 16.7% 1.2 50.0% 1.7 33.3% -0.5 0 -0.9 0 -1.1 6 100.0% 

ST7 7.7% 0.3 23.1% 0.2 69.2% 2 0 -1.4 0 -1.7 13 100.0% 

ST8 0 -0.4 0 -0.9 100.0% 2 0 -0.7 0 -0.8 3 100.0% 

ST12 0 -0.8 10.0% -0.9 50.0% 0.4 40.0% 2.7 0 -1.5 10 100.0% 

Total 5.7% - 21.4% - 43.4% - 12.6% - 17.0% - 156 100.0% 

Note:  
i. ST9, ST10, ST11 were left out from this table as there was no respondent interviewed in these types. 
ii. AR - Adjusted Residual 
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However, when it comes to walking duration, Table 9.3-4 shows that there was a 

significant relationship between street types and weekly walking duration as the p 

duration=0.008 (< p=0.05). Moreover, from Table 9.3-5, this thesis found that ST1, ST4, ST5 

and ST12 had relatively higher percentages of longer walking duration (at least four hours 

walking time per week); especially ST4 and ST5, which, statistically, had the highest 

significant percentages of “very high amount of walking” with 50% and 35.7% as their AR 

values were 2.6 and 2.9 respectively. By contrast, there were relatively higher percentages 

of shorter walking duration (less than one hour walking time per week) in ST3, ST6 and 

ST7; especially ST3 which had the significantly highest percentage of “very low amount of 

walking” with 33.3% as its AR was 2.1.  

Having said that, as far as street form is concerned, those four favourable street types 

(related to longer walking duration), ST1, ST4, ST5 and ST12, have no pavement and half 

of them provide on-street parking spaces. By contrast, of the unfavourable street types 

(related to lower walking duration): ST3, ST6 and ST7, two have pavements. What is more, 

private vehicle use for both work and errand trips was much higher in the four favourable 

street types than in the three unfavourable ones. These results seem to be contradictory 

not only to the intuitive idea of what favourable street types are like as pavements are 

usually regarded as attractive features whilst parking spaces were negative for walking, 

but also to the statement that walking more is likely to reduce the use of private vehicles 

(Cao et al, 2009b; Gehl, 2011; Speck, 2012). 

 

9.4. Summary and discussion 

Building types and their related travel activity performance 

Although there are some discussions about the relationship between some features of 

building types (e.g. building use and height) and travel activity (social activity in particular, 

e.g. in Kitahara, 2003; Gehl, 2011), there is no other existing research analysing the 

relationship between building types and travel activity (mode share and walking pattern) 

statistically. However, there was still not a significant relationship between building types 

and mode choice either in work trip or errand trip in the Chi-square tests. That is, it is not 

possible to claim that mode shares related to various building types is different. 

Consequently, this research can merely conclude that building type might not be the key 
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element of urban form to significantly influence mode choice in the study area. 

Having said that, there was a significant relationship between building types and a 

resident’s weekly walking duration but not with a resident’s weekly walking frequency. 

More specifically, BT2-semi-detached flats, BT3-row flats and BT4-detached 

condominium, found by this thesis had relatively higher percentages of low or very low 

amounts of walking than other street types, whilst BT1-detached flat and BT7-collective 

condominiums had relatively higher percentages of high amounts of walking compared 

to other building types. What is more, BT7 is exactly the building type which constitutes 

the favourable neighbourhood type with good walking performance recognised in 

Chapter 10. 

Street types and their related travel activity performance 

For street types, from the Chi-square results, there was no significant relationship 

between street types and mode choice for work, but there was statistical evidence 

showing that various street types were related to different mode shares for errands. For 

example, ST3, ST6, ST7 and ST8 were related to higher sustainable mode shares (transit 

plus walk or bike) with over 90% than the other types. By contrast, ST4 and ST5 had the 

highest unsustainable mode share (private vehicle use) with around 65% and 40%.  

What is more, generally speaking, streets with pavements (e.g. ST6, ST7 and ST8) were 

associated with lower private vehicle use and streets with parking spaces (e.g. ST4 and 

ST5) were related to higher private vehicle use than other types in the study area. 

However, looking into the morphological features in the individual street types, this thesis 

found that sometimes the streets with pavements were related to more private vehicle 

use than streets without as road function could be an affective factor (see the cases of 

ST12 and ST6); and when streets with parking space but also adjacent to pavements were 

reported to have lower private vehicle use even than some streets with pavements (see 

the cases of ST6 and ST7), where this finding was somewhat consistent with the benefit 

of on-street parking stated by Speck (2013).  

In terms of walking behaviour, there was a significant relationship between street types 

and walking duration, but not with walking frequency. This thesis found that ST1, ST4, ST5 

and ST12 had relatively higher percentages of longer walking duration out of all street 

types, but they have no pavements and half of them provide on-street parking spaces. By 
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contrast, ST3, ST6 and ST7 were related to low amounts of walking, although they had 

highest percentage of sustainable mode shares and two of them have pavements. That is, 

pavements generally have a positive correlation with sustainable mode share, yet a 

negative correlation with walking duration.  

Consequently, the presence of pavements or parking space affects sustainable mode 

share, but is probably not a crucial factor in encouraging residents to spend more time 

walking. This may be related to a resident’s walking habit or lifestyle, which is also 

mentioned by Hess (2008), to explain why the case study town with less parking 

restrictions has higher walking mode share for shopping than the other town with strict 

parking restrictions.  

When this research looked into these residents’ travel diaries, there were some 

noticeably different travel characteristics in those two groups of residents (one has longer 

walking and the other has shorter walking). For those residents who were walking longer 

but using private vehicles as a main travel mode, most of them walk less than six times a 

week, but their weekly total walking time was relatively long, because all of them had a 

habit of walking/strolling as exercise. This finding also corresponds to Hess (2008)’s 

finding that some residents, who are highly automobile dependent, do engage in 

significant recreational walking. When it comes to the other group of residents, most of 

them walk for short journeys, for example, conducting errands, going to take-aways, or to 

bus stop etc., and only 40% of the residents stroll or walk for exercise.  

There are some possible reasons for the different walking habits. All the walking 

behaviour enquired about in this research is home-based trips, starting from home and 

within a neighbourhood scale. Residents walking as a main transport mode are likely to 

conduct other errands on the way home from work, so it reduces the chance that they 

have other errand trips when they are home. This can be explained by other research 

findings that people tend to have  multi-destination trips, e.g. see Cao et al (2009a); Krizek 

(2003a) or trip chaining (Islam & Habib, 2012). Besides this, walking is usually regarded as 

one kind of exercise (Handy & Clifton, 2001), so the residents who walk to work or for 

errand trips might think they have already exercised and there is no need to spend extra 

time on walking around the neighbourhood. This somewhat reflects the research finding 

in this thesis that the other group of residents who use private vehicles to travel to work 

or run errands all walk around their neighbourhood as exercise.   
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However, regarding how the street spatial characteristics influence residents’ walking 

duration cannot be explained by the data obtained in this study. For future research, 

obtaining the residents’ strolling/walking path or route will probably help to determine 

the answer clearly.  

To briefly summarise this chapter, all the results tend to emphasise one thing; it is 

important to consider the whole street environment (combining all the characteristics of 

street types together) when conducting research studying the relationship between 

street types and mode choice because residents’ mode choice will be influenced 

simultaneously by a street’s function, form, contents, etc., not only the presence or 

proportion of pavements or parking spaces. 

 

  



373 

Chapter 10: Travel activity characteristics related to interface types and to 

front space use  

10.1. Introduction 

The holistic discussion of interface space as an integral factor in transport related research is 

scarce according to the literature reviews (e.g. refer to Table 2.1-1). However, interface, 

especially the transition between private and public domains, plays a vital role in social 

activity or public life related research. For example, front garden, recognised as one type of 

interface (e.g. Bobić, 2004; Dovey & Wood, 2015; Hess, 2008; Parolek et al, 2008), has been 

treated as a crucial place for creating social contact or social activity within neighbourhoods 

(e.g. see Alexander et al, 1977; Dovey & Wood, 2015; Ford, 2000a; b; 2001; Gehl, 2011; Gehl 

& Svarre, 2013). 

Interface space is regarded as the most important factor by this research in terms of 

understanding both urban morphology and characteristics of localised travel activities in 

Taiwan. That is because the spatial characteristics of interface itself are related to the 

provision of parkable space, walkable space and sociable setting, where these three 

conditions further directly or indirectly affect residents’ mode choice, recreational walking 

habit and other social activities. To illustrate this, the interface spaces belonging to street 

areas could incorporate official on-street parking spaces (or parking restrictions conversely), 

pavements, and aesthetical street elements (e.g. street furniture, street trees, etc.); and 

these features are broadly linked to a relationship with mode choice, walking behaviour and 

social activities. When it comes to interface types belonging to private areas, the frontage 

types, the presence of setbacks and the contents or design of setbacks (e.g. the presence of 

front gardens, garages, planting and shelters, and the design between front gardens and 

streets etc.), all somewhat affect pedestrians’ comfort and also the opportunity of staying, 

contacting and socialising that takes place amongst residents and neighbours in outdoor 

spaces. For example, narrower, smaller unit sizes and more open building façades can have 

a great influence on the number of activities taking place (Gehl, 2011); a congenial and 

ambiguous edge can not only provide enjoyment and interest for pedestrians (Bobić, 2004; 

Gehl, 2011), but also encourage social interaction among neighbours or between residents 

and pedestrians (Alexander et al, 1977; Brown et al, 1998; Gehl, 2011; Hess, 2008). What is 
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more, using or spending time in the front gardens more could be related to more walking 

behaviour within neighbourhoods (ibid.). 

Similar to Chapter 9, a Chi-square test is also employed here to suggest whether different 

interface types are related to different mode shares and different walking characteristics 

when the factors of socio-economic, self-selection, travel preference and neighbourhood 

accessibility are controlled as constants. Consequently, the criteria of selecting analyses 

samples in this chapter are the same as those in Chapter 9. After confirming the general 

relationship between interface types and travel activity, this research then verifies the 

relationship between front space use and travel activity, with the same samples above. The 

relationship is examined by discriminant analyses to know whether the habit of using front 

space is related to travel activity or not via residents’ front space use diaries and travel diaries 

(Section 10.3).  

The two main objectives of this chapter, relating to the importance of interface itself and a 

discussion of the existing discourse on the relationship between interface types and travel 

activities, are: 

• Understanding both the general relationship between travel activities and interface 

types, and also the characteristics of travel activities from different interface types 

(Section 10.2); and then further recognising and identifying the favourable interface 

types (Section 10.4), which are associated with more sustainable mode choices and 

more walking behaviour, and unfavourable interface types (Section 10.5), which are 

related to more private vehicle use and less walking behaviour, both at the individual 

and neighbourhood levels respectively.  

• Verifying the claim mentioned in the discourse about the influence of front space use 

on walking behaviour as front gardens have been discussed as a crucial factor in 

walking behaviour related research; and aiming to engender a new interpretation of 

the relationship between front door activity and travel activity in the specific context 

of urban environments in Taiwan. 
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10.2. The general relationship between interface types and travel activity analysed 

by Chi-square tests 

The twenty-four final interface types clustered in Chapter 6 are analysed here with their 

related mode share and walking behaviour respectively from both work and errand trips 

using Chi-square tests to see if there is a significant difference of mode share or of walking 

behaviour by residents living in those interface types. The mode share of each interface type 

was the aggregate data of mode choice from every individual respondent who lived in the 

dwelling with that particular interface type. Likewise, the constitution of different levels of 

walking frequency or of different levels of walking duration of each interface type was also 

the aggregate data from the same respondents mentioned above. 

10.2.1. Mode share vs. Interface types 

In the Chi-square test, the null hypothesis is that the mode share of work trip or of errand 

trip from each interface type is homogeneous. In other words, the proportion of different 

transport modes for work (see Table 10.2-2) or for errands (see Table 10.2-3) in every 

interface type is assumed to be similar. Table 10.2-1 shows the results of Chi-square tests 

both from work trips and errand trips. 

Here is an overview of the response variables, for detailed definitions of various travel modes, 

please refer to Chapter 1. For work trip, option “work at home” is for respondents who did 

not have work trips including the unemployed, self-employed and retired residents. For both 

work and errand trip, private vehicles include cars and mopeds. This thesis did not separate 

“car and moped”, “walk and bike” in different options, because this research adopted a 

broader meaning of sustainable or unsustainable transport mode as far as mode choice is 

concerned. 

Table 10.2-1 The results of Pearson Chi-square tests from work trip and errand trip 

 F-value df p-value 

Work trip 60.273 78 0.932 

Errand trip 77.185 52 0.013 
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Table 10.2-2 Comparison of mode share of Work Trip from the final interface types 

Interface types Count 

Mode share of work trip 

Work 

at 

home 

Private 

vehicle 

user 

Transit 
Walk or 

bike 

B1 Arcade + shop window/automatic door 18 28% 28% 33% 11% 

B2L Balcony + awning + wall (LFS)  13 23% 38% 38% 0% 

B3L Canopy + wall (LFS)  14 21% 21% 50% 7% 

B4L Canopy + sliding door + shutter +stairs (LFS) 4 0% 75% 25% 0% 

B5L  Balcony + wall (LFS) 1 0% 100% 0% 0% 

B6-1 Overhang 7 14% 43% 43% 0% 

B6-1L Overhang (LFS) 13 38% 23% 31% 8% 

B6-2L Overhang + wall (LFS) 4 25% 0% 75% 0% 

B6-2S Overhang + wall (SFS) 6 0% 33% 50% 17% 

B7-1 Awning  12 17% 25% 33% 25% 

B7-1L Awning (LFS)  1 100% 0% 0% 0% 

B7-2L Awning + wall (LFS) 9 11% 22% 44% 22% 

B7-2S Awning + wall (SFS) 2 50% 0% 50% 0% 

B8 Awning + ramp/step 5 20% 40% 40% 0% 

B9 Awning + shutter + sliding door 3 33% 33% 33% 0% 

C2L  Large front setback 7 14% 14% 57% 14% 

D1 Alcove + shop window/automatic door  15 13% 47% 33% 7% 

D1S Alcove + shop window/automatic door (SFS) 8 0% 50% 38% 13% 

D2L Portico (LFS)  1 0% 100% 0% 0% 

E1 Shutter 1 100% 0% 0% 0% 

E2 Signboard + shop window/automatic door  1 100% 0% 0% 0% 

E3L  Balcony + shop window/automatic door (LFS) 2 0% 50% 50% 0% 

E4L Deck + shop window/automatic door (LFS) 0 NA NA NA NA 

F1L Large front space with wall 12 8% 25% 58% 8% 

NA: no respondent lived in the specific interface type 

LFS: large front space; SFS: small front space 
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Table 10.2-3 Comparison of mode share of Errand Trip from the final interface types 

Interface types 

Private 

vehicle user 
Transit 

Walk or 

bike 
Total 

% AR % AR % AR Count % 

B1 Arcade + shop window/automatic door 6  -1.7 33  -0.2 61  1.6 18 11.3  

B2L Balcony + awning + wall (LFS)  8  -1.2 62  2 30  -1 13 8.2  

B3L Canopy + wall (LFS)  0  -2 79  3.5 21  -1.7 14 8.8  

B4L 
Canopy + sliding door + shutter +stairs  

(LFS) 
50  1.5 25  -0.5 25  -0.8 4 2.5  

B5L  Balcony + wall (LFS) 0  -0.5 100  1.3 0  -0.9 1 0.6  

B6-1 Overhang 57  2.4 29  -0.4 14  -1.6 7 4.4  

B6-1L Overhang (LFS) 38.5  1.6 23  -1 38.5  -0.4 13 8.2  

B6-2L Overhang + wall (LFS) 25  0.2 25  -0.5 50  0.3 4 2.5  

B6-2S Overhang + wall (SFS) 17  -0.3 0  -1.9 83  2 6 3.8  

B7-1 Awning  8 -1.1 42 0.4 50 0.5 12 7.5  

B7-1L Awning (LFS)  0 -0.5 100 1.3 0 -0.9 1 0.6  

B7-2L Awning + wall (LFS) 11  -0.7 44.5  0.6 44.5  0.1 9 5.7  

B7-2S Awning + wall (SFS) 0  -0.7 50  0.4 50  0.2 2 1.3  

B8 Awning + ramp/step 40  1.1 20  -0.8 40  -0.2 5 3.1  

B9 Awning + shutter + sliding door 33.3  0.5 33.3  -0.1 33.3  -0.4 3 1.9  

C2L Large front setback 0  -1.4 57  1.2 43  0 7 4.4  

D1 Alcove + shop window/automatic door  40  1.9 13  -1.9 47  0.3 15 9.4  

D1S 
Alcove + shop window/automatic door  

(SFS) 
25  0.3 50  0.9 25  -1.1 8 5  

D2L Portico (LFS)  100  2 0  -0.7 0  -0.9 1 0.6  

E1 Shutter 100  2 0  -0.7 0  -0.9 1 0.6  

E2 Signboard + shop window/automatic door  100  2 0  -0.7 0  -0.9 1 0.6  

E3L 
 Balcony + shop window/automatic door  

(LFS) 
50  1 0  -1.1 50  0.2 2 1.3  

E4L 
Deck + shop window/automatic door  

(LFS) 
NA  NA NA  NA NA  NA 0 0 

F1L Large front space with wall 8  -1.1 8  -2.1 84  2.9 12 7.5  

Total 20.8  - 35.8  - 43.4  - 159 100  

NA: no respondent lived in the specific interface type; AR: Adjusted Residual 

LFS: large front space; SFS: small front space 
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Following these statistical results, when it comes to work trip, it was not possible to state 

that various interface types were associated with significantly different mode shares as the 

p-value was 0.932 (>p=0.05). However, with regard to errand trip, there was a significant 

evidence that various interface types were related to different mode shares at the local level, 

with the p-value standing at 0.013 (<p=0.05). Therefore, further discussion of the relationship 

between interface types and mode share of work was left out in the following thesis; in other 

words, only the travel activity characteristics which are related to errand trip will be focused 

by this thesis and will be discussed in the following sections. 

From the mode shares given in Table 10.2-3, some residents, who lived in the dwellings with 

some specific interface types, were found to use more private vehicles for errand trips than 

residents in other types. For example, the percentage of private vehicle use in B6-1 

(Overhang) was significantly higher than that of other transport modes as its Adjusted 

Residual (AR) value of private vehicle use was 2.4. By contrast, there were some interface 

types with relatively higher percentages of private vehicle use, such as in B8 (Awning and 

ramp or step) and D1 (Alcove and shop window or automatic door) as the figures both stand 

at 40%, which was much higher than the total average mode share of private vehicles (20.8%). 

Although residents living in D2L (Portico with large front space), E1 (Shutter) and E2 

(Signboard and shop window/automatic door) seemed to be associated with the highest 

shares of private vehicle use, these results were not representative of those three interface 

types because there was only one sample of each type.   

Conversely, as far as sustainable mode choice (combining transit and walk or bike) is 

concerned, B3L (Canopy and wall with large front space), B5L (Balcony and wall with large 

front space), B7-2S (Awning and wall with small front space) and C2L (Large front setback) all 

had 100% sustainable mode share. Having said that, there was only one sample in B5L and 

two samples in B7-2S, the results, therefore, might not be representative of those two 

interface types. If only considering walk or bike behaviour, there was the highest proportion 

of walk or bike both in F1L (Large front space with wall) and B6-2S (Overhang and wall with 

small front space) at around 85% out of all interface types. Especially in F1L, the AR value of 

walk or bike was 2.9, which means the mode share of walk or bike was significantly higher 

than that of the other transport modes, and there was less private vehicle dependence. 
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Besides the types mentioned above, residents living in the dwellings with some specific 

interface types used relatively more sustainable transport modes than the others, such as 

B1: Arcade and shop window or automatic door (94.4%), B2L: Balcony, awning and wall with 

large front space (92.3%), B7-2L: Awning and wall with large front space (88.8%) and B6-2S: 

Overhang and wall with small front space (83.3%).   

Regarding the detailed relationship between mode choice of errand trip and interface types, 

not only the interface types which had better performance of sustainable transport, such as 

B1, B3L, C2L etc., but also the interface types which had more unsustainable mode choice 

amongst their residents, such as B6-1 and D1, are elaborated on at both the individual and 

neighbourhood level in the following sections.  

The distribution diagram (Figure 10.2-1) presents the location of respondents and the 

location of interface types, so that this thesis could see the spatial relationship between 

residents who used different modes for errands and the location of different interface types. 

The distribution diagram only shows the interface types of which the sample size of that type 

was more than 3, so that the results from travel data of the remaining interface types could 

be more reliable and representative.  

The colour scheme of this map follows the same rule as that used in street types in Figure 

9.3-1, all dwellings with the same interface types have the same colours, because it was 

based on the average value used and applied to that interface type (corresponding to the 

results in Table 10.2-3). As a result, when the colour shade of interface types becomes 

greener, such interface types are more likely to be related to sustainable mode shares; by 

contrast, the red colour means the mode share of those interface types is relatively 

unsustainable. Having said that, some red dots were found located within green plots, or 

residents who used sustainable modes (green dots) lived in the dwellings with unsustainable 

interface types (orange-red plots). This thesis will explain the differences in behaviour 

between the same interface types but in different neighbourhood contexts in the following 

sections.  
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Generally speaking, the pattern of sustainability rating given by Figure 10.2-1 is similar to 

that of street types in Figure 9.3-1 that there was a tendency for the distribution of 

unsustainable interface types (orange-red plots) to cluster near the north and east of the 

selected area. This result, to some extent, corresponded to the location of major roads (in 

the eastern boundary) and secondary roads. However, it is difficult to distinguish and 

discover the subtle characteristics of the pattern (rhythm) of interface types using sight alone 

without employing computer programmes in the analysis. Therefore, spatial autocorrelation 

analyses could probably be applied to attain a robust result of the patterns of interface types 

and their spatial characteristics for future research.  
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Figure 10.2-1 The distribution of interface types and respondents (please note that the colour scheme here is 

different from that in Figure 8.1-1 and Figure 8.2-1)  
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10.2.2. Walking behaviour vs. Interface types 

The general relationship between interface types and walking behaviour, including walking 

frequency and walking duration, is examined by Chi-square tests in this section. The null 

hypothesis of that is that the walking pattern from each interface type is homogeneous (for 

the proportion of different walking patterns, please see Table 10.2-4 and Table 10.2-5). In 

terms of walking data, the respondents were asked to write down how many times and how 

long in total they spent on their local trips on foot (including recreational walking) during a 

typical week in the questionnaire, then the research re-classified and re-coded the original 

frequency and duration walking data into five groups (see Table 10.2-4 and Table 10.2-5) 

respectively (for the reason and process of reclassification, please refer back to Section 

9.1.3.2).  

From the figures given in Table 10.2-6, the null hypothesis could not be rejected, which 

means that there was not a significant relationship between interface types and residents’ 

walking patterns in terms of walking frequency or walking duration as the p-value with the 

former was 0.775 and 0.107 for the latter (> p=0.05). 

Nevertheless, this research still revealed some general correlations in Table 10.2-4 and Table 

10.2-5. For example, the AR value of “Usually Walk” in C2L (Large front setback) was 2.1, 

which means there was a relatively higher percentage of residents living in C2L usually 

walking (standing at 57.1%) than other walking frequencies. By contrast, B2L (Balcony, 

awning and wall with large front space) and B4L (Canopy, sliding door, shutter and stairs with 

large front space) were both found to have significantly higher percentages of “Low amount 

of walking” than the other high amount of walking options as their AR values were 2.5 and 

2.6 respectively. What is more, C2L was the main interface type constituting the favourable 

neighbourhood, and conversely, the unfavourable neighbourhood was mainly comprised of 

B2L and B4L discovered in the latter sections. 
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Table 10.2-4 Comparison of residents’ Walking Frequency from the final interface types 

 Interface 

types 

Almost 

never walk 

Sometimes 

walk 

Often walk Usually walk Almost always 

walk  

 Total 

% AR % AR % AR % AR % AR N % 

B1 11.1% .1 22.2% 1.3 44.4% .7 11.1% -1.1 11.1% -.9 18 11.4% 

B2L 33.3% 2.4 16.7% .2 25.0% -.8 16.7% -.6 8.3% -.6 12 7.5% 

B3L 14.3% .3 14.3% .0 21.4% -1.2 42.9% 1.7 7.1% -.8 14 8.8% 

B4L 0.0% -.7 25.0% .6 25.0% -.5 0.0% -1.1 50.0% 2.1 4 2.5% 

B5L 0.0% -.4 0.0% -.4 100.0% 1.3 0.0% -.6 0.0% -.4 1 .6% 

B6-1 0.0% -1.0 14.3% .0 57.1% 1.2 28.6% .3 0.0% -1.1 7 4.4% 

B6-1L 15.4% .4 7.7% -.7 23.1% -1.0 23.1% -.1 30.8% 1.8 13 8.2% 

B6-2L 0.0% -.7 25.0% .6 25.0% -.5 25.0% .1 25.0% .7 4 2.5% 

B6-2S 0.0% -.9 16.7% .2 33.3% -.1 50.0% 1.5 0.0% -1.0 6 3.8% 

B7-1 16.7% .5 8.3% -.6 33.3% -.2 25.0% .1 16.7% .3 12 7.5% 

B7-1L 0.0% -.4 0.0% -.4 0.0% -.7 0.0% -.6 100.0% 2.5 1 .6% 

B7-2L 11.1% -.1 22.2% .7 22.2% -.9 33.3% .7 11.1% -.2 9 5.7% 

B7-2S 0.0% -.5 0.0% -.6 50.0% .4 50.0% .9 0.0% -.6 2 1.3% 

B8 0.0% -.8 20.0% .4 40.0% .2 0.0% -1.3 40.0% 1.7 5 3.1% 

B9 0.0% -.6 0.0% -.7 33.3% -.1 33.3% .4 33.3% 1.0 3 1.9% 

C2L 0.0% -1.0 0.0% -1.1 28.6% -.4 57.1% 2.1 14.3% .0 7 4.4% 

D1 13.3% -.6 26.7% 1.6 40% .6 13.3% -.9 6.7% -.8 15 9.4% 

D1S 12.5% .4 12.5% .2 25% -1.9 25% .6 25% 1.4 8 5.1% 

D2L 0.0% -.4 100.0% 2.4 0.0% -.7 0.0% -.6 0.0% -.4 1 .6% 

E1 0.0% -.4 0.0% -.4 100.0% 1.3 0.0% -.6 0.0% -.4 1 .6% 

E2 0.0% -.4 0.0% -.4 100.0% 1.3 0.0% -.6 0.0% -.4 1 .6% 

E3L 0.0% -.5 0.0% -.6 50.0% .4 50.0% .9 0.0% -.6 2 1.3% 

F1L 25.0% 1.4 0.0% -1.5 58.3% 1.7 16.7% -.6 0.0% -1.4 12 7.5% 

 Total 11.9%  - 14.5%  - 35.8%  - 23.9%  - 13.8%  - 159 100.0% 
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Table 10.2-5 Comparison of residents’ Walking Duration from the final interface types 

 Interface 

types 

 Very low 

amount of 

walking 

 Low 

amount of 

walking 

 Medium 

amount of 

walking 

 High 

amount of 

walking 

 Very high 

amount of 

walking 

 Total 

% AR % AR % AR % AR % AR N % 

B1 6.3  .1 18.8  -.3 50.0  .6 18.8  .8 6.3  -1.2 18 11.4  

B2L 16.7  1.7 50.0  2.5 16.7  -1.9 8.3  -.5 8.3  -.8 12 7.5  

B3L 7.1  .3 28.6  .7 64.3  1.7 0.0  -1.5 0.0  -1.8 14 8.8  

B4L 25.0  1.7 75.0  2.6 0.0  -1.8 0.0  -.8 0.0  -.9 4 2.5  

B5L 0.0  -.2 0.0  -.5 0.0  -.9 0.0  -.4 100.0  2.2 1 .6  

B6-1 14.3  1.0 28.6  .5 28.6  -.8 14.3  .1 14.3  -.2 7 4.4  

B6-1L 0.0  -.9 30.8  .9 30.8  -1.0 15.4  .3 23.1  .6 13 8.2  

B6-2L 0.0  -.5 0.0  -1.1 25.0  -.8 25.0  .8 50.0  1.8 4 2.5  

B6-2S 0.0  -.6 0.0  -1.3 66.7  1.2 16.7  .3 16.7  .0 6 3.8  

B7-1 16.7  1.7 16.7  -.4 50.0  .5 0.0  -1.4 16.7  .0 12 7.5  

B7-1L 0.0  -.2 100.0  1.9 0.0  -.9 0.0  -.4 0.0  -.5 1 .6  

B7-2L 0.0  -.8 33.3  .9 33.3  -.6 22.2  .9 11.1  -.5 9 5.7  

B7-2S 0.0  -.3 0.0  -.7 100.0  1.6 0.0  -.5 0.0  -.6 2 1.3  

B8 20.0  1.4 0.0  -1.2 20.0  -1.1 0.0  -.9 60.0  2.6 5 3.1  

B9 0.0  -.4 33.3  .5 33.3  -.4 0.0  -.7 33.3  .8 3 1.9  

C2L 0.0  -.7 0.0  -1.4 100.0  3.1 0.0  -1.0 0.0  -1.2 7 4.4  

D1 0.0  -1.0 6.7  0.1 26.7  -1.2 33.3  2.7 33.3  1.2 15 9.6  

D1S 0.0  -.6 0.0  -1.3 37.5  -.5 12.5  .3 50.0  2.2 8 5.1  

D2L 0.0  -.2 0.0  -.5 100.0  1.1 0.0  -.4 0.0  -.5 1 .6  

E1 0.0  -.2 0.0  -.5 100.0  1.1 0.0  -.4 0.0  -.5 1 .6  

E2 0.0  -.2 0.0  -.5 100.0  1.1 0.0  -.4 0.0  -.5 1 .6  

E3L 0.0  -.3 100.0  2.7 0.0  -1.2 0.0  -.5 0.0  -.6 2 1.3  

F1L 0.0  -.9 16.7  -.4 58.3  1.1 16.7  .4 8.3  -.8 12 7.5  

 Total 5.7   - 21.4   - 43.4   - 12.6   - 17.0   - 159 100.0  
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Table 10.2-6 Results of Pearson Chi-square tests of walking frequency and walking duration 

 F-value df p-value 

Walking Frequency 92.844 104 0.775 

Walking Duration 122.206 104 0.107 

 

10.2.3. Summary and discussion 

When it comes to errand trip, there was a significant relationship between interface types 

and mode shares, which means various interface types were related to different mode shares. 

However, all the statistical results were unable to show that there was a significant influence 

from interface types on either mode choice for work trip or on walking behaviour (frequency 

and duration). Referring to the results, errand trip was more sensitive to the subtle changes 

of interface types than work trip. This was somewhat consistent with the findings or 

statements in Boarnet & Crane (2001a), Gehl (2011), Handy (1996a; b), Handy et al (2002), 

Hess (2008) and Krizek (2003a) that built environment factors (e.g. aesthetic appeal of a 

streetscape, neighbourhood design etc.) are more effective for non-work trips than work 

trips. This is because work trip is a derived-demand journey or necessary trip which has a 

specific destination and is less flexible, and travel time or travel cost is probably more 

important than the aesthetics of the environment during travelling. That is also why this 

research focused on localised travel activity, i.e., errand trip which can be fulfilled by services 

provided in the local shops and walking behaviour within the neighbourhoods.  
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10.3. The relationship between travel activity and the use of front space analysed 

by discriminant analyses 

Before revealing the outcome of the study of the relationship between travel activity and 

front space use, the questionnaire results related to respondents’ general habit of using front 

space is given in Section 10.3.1 to provide an overall understanding of this observation area. 

These basic features are the residents’ usual door of entry and exit (Question 6) and the 

activities engaged in in the front space (Question 13). 

10.3.1. The general pattern of using front space 

10.3.1.1. Usual door of entry and exit 

In the previous literature reviews, some researchers focus more on the use pattern of back 

gardens than that of front gardens because in such cases they find that back gardens are the 

main entrance for coming and going (e.g. see Hess, 2008; Khattak & Rodriguez, 2005; 

Kitamura et al, 1997; Speck, 2012), and residents spend more time there and more social 

interaction happens in back gardens as they are more private than front gardens (Gehl, 1986; 

Wilson-Doenges, 2001). For example, Hess (2008) assumes and also finds that the frequency 

of back door use is much higher than that of front door use, because garages are generally 

located in the back gardens and residents rely on automobiles in his study areas (this 

phenomenon is also pointed out by Speck, 2013). Nevertheless, front door spaces are 

regarded as most important and discussed more than back and side door spaces in this thesis. 

This is not only because of the initial assumption of this research that the Taiwanese use 

front doors more frequently than back doors, a phenomenon observed through personal 

experience, but also due to the positive influence from front space on social activities 

asserted by many other studies (e.g. in Ford, 2000a; b; Gehl, 2011; Gehl & Svarre, 2013). 

At first glance, Hess (2008)’s statement seems different from this research study’s 

assumption. But, in fact, they are similar because the use of front or back doors is correlated 

with the location of garage as social activities are likely to follow the cars (Hess, 2008). Or it 

could be simply defined that where the garage is, the main use of space is. To illustrate this, 

most garages are located in front of houses, or residents park their vehicles in the front 
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gardens, according to the fieldwork observation. Similarly, the questionnaire result proved 

that the front door was the main entrance for residents entering and exiting in the 

observation area, with up to 96.13% of residents usually only using the front doors. Following 

this, the finding supported the decision of this research to focus on the front interface type 

more than the interface between the back or side doors.  

Having said that, 64% of people who used back doors, side door garages or underground 

parking floors as their main entrances chose private vehicles as their main mode for work or 

school trip, whilst 36% of them usually went to work or school by transit, and none of them 

went on foot or by bike. However, there was not a significant difference as described above 

when it comes to errand trip; for example, about 30% of them chose private vehicles or walk 

or bike for their errand trips, and 40% of them chose transit as their main mode for errands.  

This different performance of mode choice between errand trip and work trip again reflects 

Hess (2008)’s finding that, using the front- or back-door is highly related to travel purposes 

(errands or work), because the front door is designed for having social activities with 

neighbours, and people use the back door for driving out for work (as the back door is usually 

the parking place). Hess (2008) also mentions a lifestyle in which residents often enter their 

houses by driving directly into the garages. This kind of building placement might reduce the 

opportunity of walking frequency or the chance of participating in social activities with 

neighbours due to the least time staying outside the buildings when residents park directly 

into the garage to enter their houses (Jackson, 1980). This travel activity pattern is commonly 

seen in condominiums in Taiwan. For example, the condominiums usually have underground 

parking and the lifts directly link dwellings and underground parking spaces, therefore 

residents can enter their houses by driving directly into the underground parking, just as Hess 

and Jackson both claim. This example actually corresponds to the scenario described in 

Figure 1.1-2, Type 1.  

10.3.1.2. Types of activities 

The activities engaged in within the front spaces can be roughly classified into three groups 

by their sociability level according to the definition of outdoor activities identified by Gehl 

(2011). The general rule of the classification is the order of the activities put in Table 10.3-1; 
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the less sociable the activities are, the closer they are to the top of the table; by contrast, 

when the activities are nearer the bottom, they are more likely to create opportunities for 

neighbourly interaction between neighbours, or to increase the possibilities of residents 

spending a longer amount of time in their front spaces. To illustrate this, “Entry and exit” and 

“Park or get a private vehicle” could be regarded as derivatives from transport activity (or 

necessary trips defined by Gehl, 2011); for example, people get their private vehicles which 

are parked in front spaces in order to go somewhere, and they pass through the front space 

to go out for work, school, or to conduct errands. Strictly speaking, people do not really use 

the front spaces when they do these types of activities. Having said that, sometimes optional 

activity and social activity have a woven correlation as optional activity can develop into 

social activity.  For example, when residents are gardening, they may get chance to chat to 

their neighbours, and the conversation probably continues longer if the weather is good or 

they have more time. 

Table 10.3-1 The numbers and percentage of each activity engaged in within the front spaces 

Classification of front space activities engaged in Responses Percent of 

Cases 

(214 samples*) 

Number Percent 

Derivative from necessary activity 
Entry and exit 172 41.7% 80.4% 

Park or get a private vehicle 43 10.4% 20.1% 

Optional activity  

 

 

 

 

 

 

 

Social activity 

(Expecting longer stay or more social contacts) 

Relax 42 10.2% 19.6% 

Smoke 6 1.5% 2.8% 

Read 11 2.7% 5.1% 

Maintain car 5 1.2% 2.3% 

Do housework 43 10.5% 20.1% 

Exercise or ball games 25 6.1% 11.7% 

Garden 25 6.1% 11.7% 

Watch Children 6 1.5% 2.8% 

People Watch 6 1.5% 2.8% 

Socialise with neighbours 28 6.8% 13.1% 

Total 412 100%  

* Respondents who lived in the dwellings with front space. There was no control of their socio-economic 

background as the main purpose for this table is to show the use pattern of front spaces. 

According to the information given in Table 10.3-1, up to 80.4% of residents used their front 

spaces as transition points for entering or exiting, instead of spending time in them as 

gardens. Using front space could sometimes be very personal and private; it is not necessary 
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to have direct social interaction with their neighbours. Having said that, using front door 

space provides a chance to see your neighbours or to be seen by people, so it can increase 

the interaction between neighbours (Gehl, 2011). Following this concept, when the 

intentional use of front space (not just passing through) is not frequent in the study area, 

there is less social interaction between the respondents and their neighbours. In fact, there 

were only 13% of respondents who socialised with their neighbours via front spaces.  

10.3.2. Relationship between travel activity and the use of front space  

The study of front space use is one of the key approaches to figure out the relationship 

between outdoor activity and walking behaviour. For example, the presence of front garden 

indeed influences the amount of outdoor activity that occurs, according to the results 

revealed in Gehl (2011). Ford (2000a) also finds that front porches or front gardens (different 

front space types) present a more walkable and gregarious setting. Further to this, outdoor 

activity is therefore related to walking behaviour theoretically. It is pointed out by Alexander 

et al (1977), Brown et al (1998), Gehl (2011), Gehl & Svarre (2013) and Hess (2008) that when 

residents use or spend time in front door space more, they are more likely to walk more, and 

then it could further increase the total amount of localised walking behaviour or decrease 

the use of automobiles within neighbourhoods (for a more comprehensive discussion 

regarding this statement, please refer to Chapter 1). Therefore, the respondents’ habits of 

using front space and their travel activity patterns are used to verify the theory. In 

discriminant analysis, the characteristics of front space use, i.e. frequency and duration of 

using front space, are treated as predictor variables and the characteristics of travel activity, 

i.e. mode choice and walking behaviour, are response variables, so this thesis can assess how 

well the variables of front space use separate mode choice or walking behaviour in the 

classification, and then can predict the possibility of a new resident’s travel activity 

preference based on his/her front space use frequency or duration in future research. 

In the following sections, mode choice is firstly analysed with front space use for two travel 

purposes: work or school trip (Analysis 1) and errand trip (Analysis 2) respectively in Section 

10.3.2.1. Secondly, walking behaviour is divided into two variables: walking frequency 

(Analysis 3) and walking duration (Analysis 4), and both of them are analysed with use of 
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front space respectively in Section 10.3.2.2.  IBM SPSS 22 software was employed to 

undertake all the discriminant analyses.  

10.3.2.1. Mode choice vs. Use of front space  

In terms of variables in work (or school) trip, there are two continuous independent (or 

predictor) variables: weekly frequency of front space use and weekly duration of front space 

use, and one categorical response variable (mode for work) with four options: 1) work at 

home, 2) private vehicle driver or passenger, 3) transit, 4) walk or bike, as shown in Analysis 

1, Table 10.3-2. When it comes to errand trip, the variables include two independent 

variables of front space use, the same as that in Analysis 1, and one response variable (mode 

for errands) with three groups: 1) private vehicle driver or passenger, 2) transit, 3) walk or 

bike, as presented in Analysis 2, Table 10.3-2.  

Table 10.3-2 The variables used in work trip and errand trip   

 Independent variables (predictors) Response variable (code) 

Analysis 1: Work trip Weekly frequency of front space use 

Weekly duration of front space use 

Mode for Work 

1=Work at home 

2=Private vehicle driver or passenger 

3=Transit 

4=Walk or bike 

Analysis 2: Errand trip Weekly frequency of front space use 

Weekly duration of front space use 

Mode for Errands 

1= Private vehicle driver or passenger 

2= Transit 

3= Walk or bike 

As defined previously, mode options such as car/moped, walk/bike were not separated, 

because this research adopted a broader meaning of sustainable or unsustainable transport 

mode. However, walking is particularly emphasised for its higher correlation with use of front 

space by the researchers mentioned above, e.g.  Alexander et al (1977) and Gehl (2011). 

Therefore, the relationship between walking behaviour and the use of front space are 

analysed and discussed respectively in the next section but cycling is only mentioned here as 

one of sustainable travel modes.   
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10.3.2.1.1. Analysis 1: Work trip 

Before starting to analyse the relationship between mode choice and variables of using front 

space, a test for multicollinearity is commonly examined first to verify the quality of 

independent variables (Lane, 2008; Wu, 2009). The test was run using ‘Log Determinants’ the 

technique available in SPSS, and the result in Table 10.3-3 shows that there was no 

multicollinearity between the two independent variables of front space use. It was not only 

because the rank number 2 was the same as the number of independent variables, but also 

all the values of Log Determinant was much higher than 0 (as Wu writes in 2009 when the 

value of the Log Determinant is near 0 and the rank is not equal to the number of 

independent variables, there is an issue of multicollinearity of independent variables). Hence, 

the two variables were independent of each other, so further discriminant analysis could 

continue.  

Table 10.3-3 Log Determinants from work trip 

Work Mode Rank Log Determinant 

1 Work at home 2 13.715 

2 Private vehicle driver or passenger 2 11.909 

3 Transit 2 11.597 

4 Walk or bike 2 13.295 

Pooled within groups 2 12.804 

 

Table 10.3-4 Groups of respondents’ usual mode for work and their related characteristics of front space use 

Groups of respondents’ 

usual mode for work 

Variables of front space use  

Frequency Duration 

Mean (times) Std. Deviation Mean (minutes) Std. Deviation 

1  Work at home 6.6 15.277 50.5 151.197 

2  Private vehicle driver or passenger 4.8 9.520 29.4 82.784 

3  Transit 4.6 8.302 23.1 52.081 

4  Walk or bike 7.1 13.895 28.6 68.511 

Total 5.4 11.008 30.8 89.609 



392 

In Table 10.3-4, the respondents were divided into four groups according to their usual mode 

for work. It shows the mean (times) of weekly frequency and the mean (minutes) of weekly 

duration of front space use in each corresponding group. For example, respondents in group 

2, who chose private vehicle as their main mode for work had an average weekly frequency 

of front space use of 4.8 times, and their average weekly duration of front space use was 

29.4 minutes. According to the result in Table 10.3-4, if residents spend about half an hour 

per week using their front space, this research might deduce that they are likely to use 

private vehicles as their main travel mode for work. Comparably, in group 3, people who 

chose transit for work, their average weekly frequency of front space use was 4.6 times, 

whilst their average duration of front space use was 23.1 minutes per week, and so on.  

The outcome of this table is, to some extent, consistent with an intuitive interpretation that 

residents who work at home or who walk/bike to work are likely to spend more time in front 

space than other groups of residents. For example, people in group 4 (walk or bike for work) 

indeed had the highest weekly frequency of front space use at 7.1 times out of four groups; 

and people in group 1 (work at home) spent nearly twice as much time in front space with 

50.5 minutes than the other groups did.  

Nevertheless, Table 10.3-4 does not show a significant difference of frequency or duration 

of front space use between private and non-private vehicle mode. For example, both average 

frequency and average duration of front space use in transit mode were lowest at 4.6 times 

and 23.1 minutes. Conversely, in private vehicle mode, the average frequency and average 

duration of front space use were not much different but slightly higher than that in transit 

mode. Corresponding to the result, the “Test of Equality of Group Means” from work trip run 

by SPSS did reveal that there was not a significant correlation between different transport 

modes and variables of front space use as not only F values of both frequency and duration 

were small (F frequency =0.770 and F duration =1.178), but also p-values of both frequency and 

duration were higher than 0.05 (p frequency =0.512 and p duration =0.318). This means that the 

differential of average frequency and average duration of front space use from those four 

transport modes was not huge. In other words, the result of using front space was not 

significantly different between various transport modes.  
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Moreover, when the research split "Work at Home" from the other cases (as staying at home 

implies that there is no travelling involved, which means it is not a real transport mode), 

there was not a significant change in the research results. For example, the average 

frequency and average duration of front space use respectively in group 2, group 3 and group 

4 (refer to Table 10.3-4) remained the same, yet only the weekly averages of  frequency and 

duration of front space use in total dropped from 5.4 times and 30.8 minutes to 5.1 times 

and 26.1 minutes. What is more, the correlation between the mode choice and the variables 

of front space use was still not significant as p-values of frequency and of duration of front 

space use were both higher than 0.05 (p frequency =0.404 and p duration =0.792).  

10.3.2.1.2. Analysis 2: Errand trip 

Table 10.3-5 reveals that there was a significant correlation between different transport 

modes and weekly duration of front space use in errand trip, because the p-value of that was 

0.02 (<0.05). However, the correlation between transport mode and weekly frequency of 

front space use was not significant as the p-value was 0.176 (>0.05). This result means that 

the differential of average duration of front space use from different transport modes was 

huge, but the differential of average frequency of front space use from transport modes was 

not so significant. To summarise, only the duration of front space use was evidently different 

between various transport modes.  

Table 10.3-5 Test of Equality of Group Means from errand trip 

 F p-value 

Frequency of front space use 1.746 0.176 

Duration of front space use 3.985 0.020 

In Table 10.3-6 the respondents were divided into three groups according to their usual 

mode for errands. It shows both the mean frequency and the mean duration of weekly front 

space use in each corresponding group. For instance, respondents who chose 1) Private 

vehicle driver or passenger as their main mode for errands, residents’ average weekly 

frequency of front space use in that group was 7.9 times, and their average duration of front 

space use was 59.6 minutes per week, and so on. There was a clear difference of frequency 

and duration of front space use between private and non-private vehicle mode (transit, walk 
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or bike). Both average frequency and duration of front space use were more than 1.5 times 

higher and twice higher in private vehicle mode than in non-private vehicle mode 

respectively. Furthermore, the average weekly frequency of front space use was the lowest 

in walk or bike at 4.6 times, whilst the average duration of front space use was lowest in 

transit, standing at 17.7 minutes per week out of three modes, namely private vehicle, transit, 

and walk or bike. These results are quite inconsistent with the statement about the positive 

effect of front space use on walking behaviour, especially with Hess (2008)’s finding that the 

use of front door space is negatively related to car trips and positively related to walking for 

errands; on the contrary, the respondents who used private vehicles for errands were found 

by this research to spend noticeably longer time in the front space than other respondents 

did. Therefore, when it comes to errand trip, the results could not support the statement 

above.  

Table 10.3-6 Groups of respondents’ usual mode for errands and their related front space use from each group 

Concerning the difference between the performance of front space use in this research and 

other studies, it is probably related to the different habit of front space use between private 

vehicle users and other mode users. More private vehicle users were found to do household 

projects in the front space than other mode users. For example, 30% of drivers did household 

projects in the front space, whilst only 18% of the other mode users did. It might be related 

to the respondents’ gender; male drivers tend to be in charge of household projects. 

However, this research is not certain of the assumption as the respondents’ gender data 

were not recorded. Besides this, obviously private vehicle users have more opportunity to 

park and get their cars or mopeds in the front space. In fact, the opportunity to park and get 

vehicles was twice more in private vehicle users than in other mode users, and it definitely 

contributed to the total weekly spending time in the front space. For instance, if drivers 

spend five minutes parking and getting their vehicles to do errands once every day for a week, 

Groups of respondents’  

usual mode for errands                                   

Front space use characteristics 

Frequency Duration 

Mean (times) Std. Deviation Mean (minutes) Std. Deviation 

1  Private vehicle driver or passenger 7.9 17.103 59.6 166.443 

2  Transit 5.0 9.888 17.7 34.076 

3  Walk or bike 4.6 8.164 29.3 70.320 

Total 5.4 11.008 30.8 89.609 
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then that is about 30 minutes’ extra compared to other travellers. Thirty minutes was exactly 

the difference between the average use time of drivers and other mode travellers.  

As the correlation between transport mode and duration of front space use was significant 

from the result in Table 10.3-5, this research discussed further features of the correlation. A 

discriminant function is useful in determining which independent variable is effective in 

predicting category membership (groups of response variable). In the following tables, there 

are two functions which can help the research comprehend how much unique information 

each predictor of front space use will contribute to the differentiation of mode choice by 

creating linear combinations of predictors, so the research is able to predict residents’ mode 

choice by inputting their frequency and duration of front space use. Table 10.3-7 shows there 

was a significant prediction to response variable (mode choice for errands) in the first 

function as its p-value was 0.031 (< p=0.05), and the first function accounted for a large 

majority of the discriminating ability of the predictors of front space use as its percentage of 

variance was 83.9%. As a result, this research only focused on the output of the first function 

afterwards. Having said that, the magnitudes of the eigenvalues and the canonical 

correlations in these two functions were negligible, which means the ability to differentiate 

the groups in the response variable was not good in the two functions. 

Standardised canonical discriminant function coefficients and the structure matrix in Table 

10.3-8 are the two methods employed to aid this thesis recognise the important and effective 

independent variables (front space use) from discriminant functions. The magnitudes of 

these coefficients indicate how strongly the independent variables impact the functions; 

especially in the structure matrix, when the absolute value of a predictor is larger, the 

relationship between the predictors and the response variable is stronger. What is more, 

positive values have positive correlations and negative values have negative correlations (Wu, 

2009). Consequently, the output in the first function indicates that there was a positive 

correlation between both variables of front space use and mode choice as the two 

magnitudes in the structure matrix were both positive, but the standardised coefficient for 

duration is greater in magnitude than that for frequency, hence duration will have the 

greater impact of the two on the first discriminant function.  
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Table 10.3-7 The results of Eigenvalues and Wilks' Lambda test 

 

Table 10.3-8 Results of Standardised Canonical Discriminant Function Coefficients and the Structure Matrix 

Independent variables 

(predictors) 

Standardised Canonical Discriminant Function 

Coefficients35 

 Structure Matrix36 

Function  Function 

1 2  1 2 

Duration of front space use 1.424 -0.795  0.921 0.391 

Frequency of front space use -0.637 1.501  0.488 0.873 

Moreover, Fisher’s linear discriminant functions (see Table 10.3-9) provide criteria to predict 

the new classification of response variables (mode for errands) by inputting the new 

respondents’ front space use data. To illustrate this, there is a corresponding classification 

function in each group of response variable produced by coefficients, therefore there were 

three functions representing each transport mode for errands respectively as shown below.  

 

31 The number of functions is q=min (p, g-1) (Wu, 2009: p.662), where p is the number of independent variables 
and g is the number of groups in the response variable. Thus, two functions are calculated in this case as 2=min 
(2, 3-1). Each function acts as projections of the data onto a dimension that best discriminates between the 
groups (UCLA: Statistical Consulting Group, 2016). 

32 The magnitudes of the eigenvalues indicate how well the functions differentiate the groups in the response 
variable, and when the magnitudes are larger, the functions are better (Wu, 2009; UCLA: Statistical Consulting 
Group, 2016). These eigenvalues are related to the canonical correlations, which describe the level of 
correlation between independent variables and the response variable (ibid). 

33 This is the proportion of discriminating ability of independent variables (ibid). 

34 Wilks’ Lambda is one of the multivariate statistics calculated by SPSS. It is the product of the values of (1-
canonical correlation2) and is used to test the validity of canonical correlation (ibid). 

35 These coefficients are used to calculate the discriminant score for a given case, where the discriminant 
function scores are calculated by group for each function in the same way as a predicted value from a linear 
regression (UCLA: Statistical Consulting Group, 2016). 

36 This is the canonical structure (ibid). It represents the correlations between the observed value in front space 
variables and the dimensions created with the unobserved discriminant functions. 

Function31 

Test of Eigenvalues Test of Wilks’ Lambda 

Eigenvalue32 % of Variance33 Canonical correlation Wilks’ Lambda34 F p-value 

1 0.032 83.9 0.177 0.963 10.668 0.031 

2 0.006 16.1 0.079 0.994 1.736 0.188 
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Table 10.3-9 Classification function coefficients of Fisher's linear discriminant functions 

Independent variables 

(predictors) 

Mode for Errands 

Private vehicle driver or passenger Transit  Walk or bike 

Frequency of front space use .045 .071 .039 

Duration of front space use .003 -.005 -6.874E-5 

(Constant) -1.370 -1.234 -1.187 

 

F private vehicle = 0.045 (Front space use frequency) + 0.003 (Front space use duration) - 1.370 

F transit = 0.071 (Front space use frequency) - 0.005 (Front space use duration) - 1.234 

F walk or bike =0.039 (Front space use frequency) - 6.874E-5 (Front space use duration) - 1.187 

The rule of classification is that an observation object will be classified into a group where its 

function of mode has the largest magnitude. For example, when a new respondent’s data of 

front space use are put into these three functions, and the function magnitudes reveal that  

F transit > F private vehicle > F walk or bike, then the respondent will be classified into the transit 

mode group, which means transit is predicted to be his or her usual mode for errands.  

Table 10.3-10 New classification results from Fisher’s linear discriminant functions 

Modes for Errands 
Predicted Group Membership 

Private vehicle driver or passenger Transit Walk or bike 

Original Private vehicle driver or passenger 20.4% 14.8% 64.8% 

Transit 10.7% 25.2% 64.1% 

Walk or bike 11.0% 18.9% 70.1% 

44.4% of original grouped cases correctly classified 

Table 10.3-10 shows the results of re-classification from Fisher’s linear discriminant functions 

calculated by SPSS. The percentages going down each column indicate the percentage of 

observations which were correctly or incorrectly classified, where the original mode choice 

given by the respondent is the same as the predicted mode choice.  For example, for private 

vehicle users, 20.4% of them were correctly predicted into the right group, whilst 14.8% and 

64.8% of them were incorrectly predicted into transit and walk or bike respectively. From the 

information given in Table 10.3-10, the discriminant functions had better performance in 

walk or bike, as 70.1% of original walk or bike users were re-classified into the correct group. 



398 

Having said that, on the whole, there was only 44.4% of original observations which were re-

classified correctly. Hence, these three classification functions are unable to be used to 

predict or describe the relationship between mode choice and use of front space perfectly.  

 

10.3.2.2. Walking behaviour vs. Use of front space  

The response variable of walking behaviour used here was further divided into walking 

frequency and walking duration as defined earlier in this chapter, and there were two 

analyses related to each (Analysis 3 is related to walking frequency, whilst Analysis 4 is 

related to walking duration).  

Table 10.3-11 The variables of the relationship between use of front space and walking behaviour 

 Independent variables (predictors) Response variable (code) 

Analysis 3 

 

Weekly frequency of front space use 

Weekly duration of front space use 

Walking frequency 

1=Almost never walk 

2=Sometimes walk 

3=Often walk 

4=Usually walk 

5=Almost always walk  

Analysis 4 

 

Weekly frequency of front space use 

Weekly duration of front space use 

Walking duration 

1=Very low amount of walking 

2=Low amount of walking 

3=Medium amount of walking 

4=High amount of walking 

5=Very high amount of walking 

10.3.2.2.1. Analysis 3: Walking frequency  

Table 10.3-12 shows the characteristics of both frequency and duration of front space use in 

each corresponding group of walking frequency. For example, respondents who almost 

never walked during the week had an average weekly frequency of front space use of 3.9 

times, and their average duration of front space use was 14.6 minutes per week. For people 

who sometimes walked, their average weekly frequency of front space use was 3.6 times, 

whilst their average duration of front space use was 15 minutes per week, and so on. 
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Inferring from the results in Table 10.3-12, if some residents’ regular weekly spend time in 

their front space is around 15 minutes and they use their front spaces 3 to 4 times a week, 

they are likely to have a walking habit of almost never walk or sometimes walk during a week. 

Generally speaking, from the data given in Table 10.3-12, there seemed to be a positive 

relationship between walking frequency and use of front space since walking frequency 

became higher when the average frequency and duration of front space use was greater. For 

example, people tend to walk more often when people use their front space more frequently 

(around 7 times a week) and spend a longer amount of time in their front spaces (around 50 

minutes a week) compared to other groups. In contrast, both average frequency and 

duration of front space use were lower when people seldom walk; for example, people who 

almost never walked or just walked sometimes had the lowest averages both of frequency 

and duration of front space use at around 4 times and 15 minutes per week out of five groups. 

In addition, people who often walked had an average frequency and average duration of 

front space use standing at 4.3 times and 24.2 minutes per week, which was between people 

who walked more usually and people who seldom walked.  

Table 10.3-12 Groups of respondents’ walking pattern and the related front space use result from each group 

 

Table 10.3-13 Test of Equality of Group Means 

 F p-value 

Frequency of front space use 1.839 0.122 

Duration of front space use 1.970 0.099 

Nevertheless, Table 10.3-13 reveals that there was not a significant correlation between 

various walking frequencies and variables of front space use, because the p-values of them 

Respondents’ walking 

frequency catalogue 

Variables of front space use 

Frequency Duration 

Mean (times) Std. Deviation Mean (minutes) Std. Deviation 

1 Almost never walk 3.9 6.457 14.6 25.598 

2 Sometimes walk 3.6 5.998 15.0 27.836 

3 Often walk 4.3 7.907 24.2 54.202 

4 Usually walk 7.9 16.037 51.4 146.080 

5 Almost always walk  7.5 15.228 49.6 123.591 

Total 5.4 11.008 30.8 89.609 
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were 0.122 and 0.099 respectively, which were higher than 0.05. This result means that the 

differential of both average frequency and average duration of front space use was not 

significant to discriminate between various walk frequencies. This result again cannot 

statistically support the claim from literature that when people use their front space more, 

they walk out from their front spaces to the street more naturally and frequently either in 

this thesis. 

10.3.2.2.2. Analysis 4: Walking duration 

At a glance, Table 10.3-14 shows that there was not a clear positive or negative trend 

between different levels of walking duration and average frequency and duration of front 

space use. The order of average frequency and duration of front space use from top to 

bottom was:  4) High amount of walking, 5) Very high amount of walking, 1) Very low amount 

of walking, 3) Medium amount of walking, 2) Low amount of walking. A higher walking 

duration has higher average frequency and duration of front space use, but average 

frequency and average duration of front space use were conversely much higher in “Very 

low amount of walking” than in “Medium amount of walking” and “Low amount of walking”.  

Table 10.3-14 Groups of respondents’ walking pattern and the related front space use results from each group 

Having said that, when the research looked into the result of “Tests of Equality of Group 

Means” (Table 10.3-15), it shows that there was indeed a significant correlation between 

different levels of walking amount and weekly duration of front space use as the p-value of 

that was 0.019 (< p=0.05). However, the correlation between walking amount and weekly 

Respondents’ walk duration catalogue                                    

Variables of front space use 

Frequency Duration 

Mean (times) Std. Deviation Mean (minutes) Std. Deviation 

1 Very low amount of walking 6.16 7.522 24.05 51.374 

2 Low amount of walking 4.05 6.700 16.00 24.309 

3 Medium amount of walking 4.19 8.331 21.13 47.170 

4 High amount of walking 9.43 18.137 68.77 173.267 

5 Very high amount of walking 6.24 13.689 44.85 121.988 

Total 5.36 11.008 30.84 89.609 
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frequency of front space use was not as significant as the p-value was 0.072 (> p=0.05). The 

results mean that the differential of average duration of front space use of different walking 

amounts was huge, but the differential of average frequency of front space use from 

different walking amounts was not so significant. In other words, different levels of walking 

duration could be determined more significantly by duration of front space use than by 

frequency of front space use. Therefore, this research only discussed further correlation 

between walking amount and the duration of front space use since the correlation was 

significant between them. 

Table 10.3-15 The result of Tests of Equality of Group Means 

 

 

As this research mentioned in Analysis 2, the discriminant functions can be used to predict 

or classify groups of the dependent variable, whereby the first function in Table 10.3-16 

reveals that it could account for 90.1% variance of the dependent variable (walking duration). 

However, the Wilks’ Lambda test reveals that the prediction of the functions was not strong 

enough since the p-values of them at 0.108 and 0.725 were both higher than p=0.05.  

Table 10.3-16 The results of Eigenvalues and Wilks' Lambda test 

Moreover, to support this outcome, Table 10.3-17 shows that only 41.2% of the original data 

was correctly re-grouped, and, what is more, 0% of the original group of “very high amount 

of walking” was reclassified into the correct group. Therefore, although duration of front 

space use was significant for discriminating the groups of walking amount, the correlation 

between independent variables of front space use and walking duration was not significant 

as the discriminant functions could not successfully predict the grouping of walking duration 

through use of the data of front space use. 

 F p-value 

Frequency of front space use 2.176 0.072 

Duration of front space use 2.990 0.019 

Function 

Test of Eigenvalues Test of Wilks’ Lambda 

Eigenvalue % of Variance Canonical correlation Wilks’ Lambda F p-value 

1 0.043 90.1 0.203 0.954 13.113 0.108 

2 0.005 9.9 0.069 0.995 1.318 0.725 
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Table 10.3-17 New classification from Fisher’s linear discriminant functions 

Walking Duration 

Predicted Group Membership 

1 

Very low 

amount of 

walking 

2 

 Low 

amount of 

walking 

3 

Medium 

amount of 

walking 

4  

High 

amount of 

walking 

5 

Very high 

amount of 

walking 

Original 

(%) 

1 Very low amount of walking 36.8 .0 47.4 5.3 10.5 

2 Low amount of walking 20.5 5.1 64.1 2.6 7.7 

3 Medium amount of walking 16.9 2.7 66.9 9.5 4.1 

4 High amount of walking 18.2 4.5 54.5 20.5 2.3 

5 Very high amount of walking 8.8 2.9 73.5 14.7 .0 

41.2% of original grouped cases correctly classified 

 

10.3.2.3. Summary  

To conclude all the statistical results, there was not a positive relationship between front 

space activities and walking behaviour as claimed by Alexander et al (1977), Brown et al 

(1998), Gehl (2011), Gehl & Svarre (2013) and Hess (2008) in Taiwanese urban contexts 

because the results of discriminant analyses failed to show the positive relationship between 

the variables of front space use and walking behaviour. That is, when residents use front 

space more frequently or spend a longer amount of time in front spaces, it does not suggest 

that the residents will walk more. 

 

Having said that, the variable duration of front space use was relatively more significant than 

frequency of front space use in every analysis, especially in the correlation analysis with 

mode for errands (Analysis 2) and in that with walking duration (Analysis 4) as the p-values 

of duration of front space use in these two analyses were less than 0.05. To some extent, the 

duration of front space use was related to a higher proportion of walk or bike for errand trips 

and longer walking duration than frequency of front space use was. This outcome 

corresponded to Gehl (2011: p.77)’s view that ‘time is crucial’. The minutes spent outdoors 

(including in the front garden) is sometimes more important than the frequency since a few 

long-lasting activities produce as many opportunities for meeting neighbours as many short 

ones. For example, in his finding, the most common activity is going to and from a dwelling, 
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but it only represents 10% of outdoor activities when it is considered in terms of the amount 

of time spent on it. However, staying activities last considerably longer than transition ones. 

His finding is the same as this thesis found in Table 10.3-1 in that most of residents (80%) 

used their front space as a passage to their dwellings, so they may come and go through the 

front space several times a day, but the time they spent in the front space probably added 

up to less than ten minutes, which will not be able to create more social contact than a 

resident who uses the front space only once a week doing gardening, exercising, or a 

household project but for ten to twenty or more minutes. 

 

Although the outcome of discriminant analyses could not suggest the positive influence of 

front space use characteristics on walking behaviour statistically, some results still showed 

that there was a significant relationship between walking amount and the duration of front 

space use. Therefore, how to design a front space which can encourage residents to spend 

more time there, and further affect their walking duration within the neighbourhoods to 

create a social and neighbourly environment, would be an important topic for future 

research.   

Table 10.3-18 The summary of the relationships between front space use and other variables 

 Front space use 
Referred Section 

Frequency Duration 

Mode 

choice 

Work trip - - Analysis 1 (Table 10.3-4) 

Errand trip 
Chi-square test - ● Analysis 2 (Table 10.3-5) 

Discriminant analysis ◦ ○ (Table 10.3-8) 

 
 (The predictability of the discriminant function was not reliable, but the 

effects from frequency and duration on the function were significant.) 

Walking  
Frequency  - -* Analysis 3 (Table 10.3-13) 

Duration  -* ● Analysis 4 (Table 10.3-15) 

Note: 

- no significant relationship; -* not significant when the confidence level is 95%, but significant when the 

confidence level is 90% ● significant relationship  
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10.4. Favourable interface types, neighbourhoods and their related travel activity 

characteristics 

According to the results revealed in Section 10.2.1, there was a significant correlation 

between interface types and mode choice for errands. This research further discussed how 

these spatial differences of interface types were associated with travel activities both at the 

individual level (respondents who lived in the dwellings with specific interface types) and at 

the neighbourhood level (respondents who lived in the neighbourhoods mainly composed of 

the specific interface types).  

From previous sections, this research has known that there were some specific types related 

to higher mode share of sustainable modes (transit, walk and bike), where such interface 

types are simply defined as “favourable interface types” or “favourable neighbourhood” in 

the following sections. By contrast, there were some specific types found which were related 

to higher private vehicle mode share, which is defined as “unfavourable interface types” or 

“unfavourable neighbourhood” by this research. Following this, the selected interface types 

or neighbourhoods, and their related travel activity characteristics (even lifestyles) are 

presented and discussed in Section 10.4 and 10.5. 

10.4.1. Favourable interface types 

Two interface types were selected for further discussion owing to the fact that they were 

associated with the highest percentage of sustainable mode share of errand trip out of all 

interface types. They were interface type B3L: canopy and wall with large front space (mode 

share was 78.6% for transit and 21.4% for walk or bike), and B1: arcade and shop windows 

or automatic door (mode share was 5.6% for private vehicle, 33.3% for transit and 61.1% for 

walk or bike). 

The typological details of B3L and B1’s appearances have already been elaborated on in 

Chapter 8, so what follows are some brief descriptions of them. The way these interface 

types combine with street space, and their related travel activities are therefore the main 

subjects of this section.    
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B3L: Canopy and wall with large front space and its related travel activities  

The size of B3L’s front space was merely able to contain a car, where the 

average size was 3.5 by 6.5 metres; however, a majority were Wall Type1 

through which cars are unable to access. The main use of B3L was pure 

residence.  

There were only 5% of streets adjacent to B3L providing official marked on-street parking 

spaces; in other words, most on-street parking by residents was not within legal and planned 

parking areas. This fact corresponded to what most respondents said, “Currently, parking 

law is not strictly enforced in this area”. As this research mentioned before, about two thirds 

of front spaces were big enough to park a car in, but in fact less than a third of residents 

parked their car in their front spaces. As a result, nearly two thirds of residents parked their 

cars in the streets although most contained parking restrictions. This result also reflected 

some respondents’ opinions that some ground floor owners removed their cars from their 

own gardens, instead opting to use the street, and then they reconstructed or converted the 

front spaces into semi or totally indoor rooms illegally37 in order to get more valuable indoor 

rooms or shop spaces (Figure 10.4-1). These respondents also complained that this illegal 

reconstruction caused street parking problem to become more serious and even negatively 

affect the quality of pedestrian space.  However, perhaps because most residents did not 

have their own garages or private parking spaces, and there was uncertainty in locating a 

parking space, residents’ willingness to use cars or mopeds reduced as parking convenience 

encourages driving (Speck, 2013).  

 

 

 

 
37In Taiwan, there are urban planning regulations concerning the placement (building line set back from street 
line) and building coverage ratio. However, building violations are still one of the most important issues for the 
building authorities of all local governments (e.g. see in Tseng et al, 2010). 

Figure 10.4-1 Front space converted into indoor room 
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Although B3L has a large front space, 54% of residents used the front space as a transition 

point to pass through for entry or exit. They did not really spend time using or engaging in 

some activities in the space. However, there were 20% of residents doing exercise, gardening 

and housework in the front spaces behind the walls. Even though some activities did happen 

in the front space, there was still a limit of interactions between residents and neighbours 

due to the wall types between the edges.  

Almost all B3L’s front space is edged by high walls, which makes it more like an indoor room 

rather than an open front garden. Thus, residents do not have much direct contact or 

interaction with their neighbours to engender an even safer and more neighbourly 

atmosphere which encourages more social activity and walking around the neighbourhoods 

as high walls are a kind of barrier separating these social interactions. Responding to that, 

only 12% of residents living in B3L visited their neighbours often. Moreover, although B3L 

had the highest sustainable mode share, the percentage of walking or biking was actually 

relatively lower than most interface types at 21.4% (see Table 10.2-3). The average weekly 

walking frequency and average walking duration of residents living in B3L (11.57 times and 

3.13 hours) were just about the same as that of all respondents in the study area.  

On the other hand, probably because front space is enclosed and more private, residents in 

B3L did have a twice higher frequency and duration of using front space with 11.89 times 

and 68.97 minutes per week than the total average in the whole study area. The 

characteristic of front space use somehow corresponded to Gehl (1986); Wilson-Doenges 

(2001)’s findings that some residents prefer back gardens to front gardens because of the 

sense of privacy and security that back gardens have.  

This case can arguably explain why the result earlier in Section 10.3 failed to support the 

notion claimed by Alexander et al (1997), Brown et al (1998), Gehl (2013), Hess (2008), etc. 

that when residents use their front space more, they tend to walk more due to the 

interaction between neighbours which makes the neighbourhood safer and more lively 

which encourages more walking. Residents in B3L did not really contact each other when 

they stayed in the enclosed front spaces no matter how often or how long they used the 

spaces.  
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In summary, in terms of the use of interface and residents’ travel activity characteristics in 

B3L, it is found that B3L does not provide a very good quality of pedestrian environment 

(although about 33% of streets adjacent to B3L provided plants). People did not choose 

private vehicles as the main mode for localised trips, which might be related to the 

uncertainty of finding a parking space, and they used walking or biking for errand trips less, 

which was probably related to the edge type of the front garden, and the little social 

interaction between neighbours.     

B1: arcade and shop windows or automatic door, and its related travel activities 

B1 provided a good quality of pedestrian environment by offering shelters 

from arcade roofs, enough walkable space (around 3.5 metres wide) and 

attractive shop windows or glazed automatic doors. Almost all the ground 

floors of B1 was used for shops.  

Regarding the relationship with street space, 60% of B1 directly connected to pavements. As 

a result, pedestrians still have the chance to choose to walk on good walking space even 

when the arcades are occupied by obstacles, such as mopeds, stalls, etc. (as revealed in 

Chapter 8). The pavement adjacent to B1 had a surface which was all covered by bricks in 

good condition, without any damage, and the height of the kerb was about 15-20 

centimetres according to the Urban Road Act in Taipei. In terms of measurements, the 

pavements were classified into two scales: 

• Large-scale pavement (as photographs in Figure 10.4-2 show): its width was between 

4.8 and 5 metres, and all the pavement was designed with street trees and official 

moped parking spaces. Apart from the space taken up by street trees or moped 

parking spaces, there was still about 3 metres of walking space for pedestrians.  

• Small-scale pavement (as photographs in Figure 10.4-3 show): its width was between 

1.2 and 2.3 metres (the minimum width set by the Urban Road Act in Taipei is 1.2 

metres). There were no moped parking spaces marked on the pavements and only 

11% of them were planted with street trees as 1.2 metres is only wide enough for 

two pedestrians walking abreast. However, 71% of these small-scale pavements were 
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connected to streets with marked parking spaces. There was 38% of B1 connecting to 

this small-scale pavement.   

Generally speaking, B1 was associated with higher sustainable mode share (94.4%) than most 

other interface types were, but when this research looked into the detailed travel activity 

data related to B1, then found respondents who chose private vehicle mode as their main 

mode choice for errand trips, these were particularly clustered in specific dwellings. 

Therefore, this research further compared these two types of B1, and defined that 

favourable B1 is where residents used public transport, walk, or bike for errand trips, and 

unfavourable B1 is where residents used private vehicles for their errand trips. Besides this, 

the differences in walking characteristics between these two B1 types are also discussed in 

the following section. 

In favourable B1 (see Figure 10.4-2), the entire arcade floor was on the same level as the 

street  (including pavements), and the most important thing is that there was neither moped 

parking allowed nor parking mopeds observed during fieldwork in these arcades. There was 

76.3% of this B1 adjacent to at least 1.5 metre-wide pavements, and 63% was adjacent to 

streets without official parking spaces. The residents living in this specific interface type had 

an average weekly walking frequency and duration (14.14 times and 3.4 hours) which was 

higher than that of the whole study area (11.56 times and 3.12 hours). 

Figure 10.4-2  Favourable B1 type: the same level as pavements, no moped parking 

Figure 10.4-3 Unfavourable B1 type:  2 steps higher than pavement level, with mopeds parked on it 
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By contrast, in unfavourable B1 (see Figure 10.4-3), the entire arcade floor was two steps 

higher than the level of the pavements (this B1 was all connected with 1.2 metre-wide 

pavements). The most critical difference from favourable B1 and this B1 was that there were 

50% of these arcades occupied by mopeds, and 71% of the pavements mentioned above 

were also adjacent to official parking spaces. The residents living in this type had an average 

weekly walking frequency and duration (9 times and 0.93 hours) which was much lower than 

that of the whole study area.  

Further to the differences between these two B1 types, in terms of the level difference 

between the arcade floor and street level, it needs further observation and more samples to 

figure out whether it really influences residents’ mode choice or not in future research. 

Beside this, the presence of pavement did not seem to affect residents’ mode choice most, 

because the entire unfavourable B1 type connected to pavements, but more than a quarter 

of favourable B1 type did not connect to pavements, although many studies state that there 

is a positive relationship between the presence of pavement and walking behaviour.  

What is more, in this case, whether the arcades allow mopeds to park on them or not, and 

whether the arcades are near official parking space or not, these two conditions seem to be 

the critical reasons for people living in B1, but choosing private vehicles for errand trips. As 

Speck (2012: p.115) writes in Walkable City, cheap and plentiful street parking space is the 

problem influencing people to choose driving instead of walking. Having said that, Speck 

(2013) also states that on-street parking which connects to pavements can act as a good 

protection to encourage people to walk by increasing pedestrians’ perception of safety. 

Concerning why the negative effect of parking space seems more significant than the benefit 

both of pavements and on-street parking in this case, the research supposed that this occurs 

because the discussion in this section was focused at the individual level: the mode choice 

from a single resident who lived in B1, thus for residents’ sake, if there are parking spaces 

just in front of their houses (no matter whether the houses connect to pavements or not), 

the driving or parking convenience would be an attractor for them to drive. However, if 

focusing on the neighbourhood scale, for strolling pedestrians, the benefit of on-street 

parking with pavements could possibly significantly encourage people to walk.   
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Again, this finding corresponded to the results and the discussion in Section 9.3 (street types 

and their related travel activities) which found that residents’ travel activities will be 

influenced simultaneously by the characteristics of the entire environment, not only the 

presence of pavements or parking spaces. In other words, pavements or parking spaces 

indeed affect residents’ travel activity, to some extent, but the most important thing is how 

these different urban form elements combine together.   

10.4.2. Favourable neighbourhood 

This neighbourhood mainly consisted of C2L: large front setback. It 

was classified into the favourable type initially because of its 

aggregated mode share of private vehicles for errands was 0%; it 

means that none of the respondents living in this block chose private 

vehicles as their main mode for errand trips.  Moreover, when this 

research looked into its design or morphological traits, this thesis 

found that its spatial characteristics were reasonably consistent with the theory of being 

sustainable or of a lively neighbourhood design. Therefore, the design details and related 

travel activity are revealed and discussed in this section.  

Figure 10.4-4 The layout (extracted from Google maps), and current photographs of this favourable neighbourhood 
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10.4.2.1. The neighbourhood design and morphological features 

This neighbourhood used to be a military dependents' village, but it has been rebuilt to a 

modern collective condominiums block as a planned development unit run by the Taipei 

government. This neighbourhood is mainly made up of thirty-eight condominiums with 

landscaped front setbacks, and this is a complete community scale of about 10 hectares, 

approximately 300 by 300 metres.  

Within the block, the ground spaces between the buildings are covered in brick mosaics and 

entirely given over to pedestrian use. What is more, there are also circulation bridges, one 

kind of interface type, recognised by Steadman et al (2000b), linking the separated buildings 

from the first floor and above (see Figure 10.4-4). Those connections not only connect the 

residents’ dwellings, but also connect buildings with different uses within the block. For 

example, the ground to first floors of the inner buildings provide varied commercial and 

public services, such as supermarkets, laundries (dry cleaners), barbers, cafés, pharmacies, 

post offices, children playgrounds and even consul nurseries, so residents living above the 

shops can walk down to them or visit their neighbours via the bridges from either side of the 

condominiums without being exposed to the elements. That was why most of the residents 

interviewed by this research said that it was very convenient for them to conduct almost all 

the essential errands within the community by walking or biking (on the brick pavements or 

circulation bridges) without passing through streets outside the block. Although most 

respondents used the local shops for their errands and these served mainly residents, people 

living outside the block can still walk in to use these services via the open access (open front 

setbacks).  These kinds of interconnected pedestrian paths and internal access for local 

residents not only provide a safe and convenient walking environment but also have an 

influence on neighbourly interactions (Grannis, 2005).    

Figure 10.4-5 The current photographs of interface spaces of this favourable neighbourhood 
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When it comes to the interface types or the boundary design of this community block (Figure 

10.4-5), the width of the setback space is from 3 to 8 metres, and the entire setback space 

has a brick surface (which could be regarded as domestic pavements) and planting. There 

are landscaped dwarf walls (sometimes combined with railings) located in partial setback 

spaces as barriers or protection between gates (which imply entry to the domestic domain) 

and streets. Besides this, some setback spaces over 8 metres wide also provide parking 

spaces for the residents living in this condominium block. However, apart from the parking 

spaces (taking up over 6 metres in width), there are still at least 2 metre-wide pavements 

within the block for residents. Therefore, this kind of setback provides comfortable and safe 

spaces for pedestrians. 

This neighbourhood is arguably the most suitable environment for pedestrians in the 

observation area. In addition to the good quality of the pedestrian environment and self-

sufficiency within the neighbourhood, the block is almost completely surrounded by official 

pavements. There was less than 18% of the block connecting to streets with illegal parking 

(Figure 10.4-6). Even with the 18% of the block connecting to illegal on-street parking, the 

block itself still provides a good walkway due to its interface space: large landscaped front 

setback (Figure 10.4-7).  

Figure 10.4-7 The distribution of pavements 

and parking spaces 

Figure 10.4-6 The current situation of walking and parking 

spaces 
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Most important is that the parking space (including off-street parking spaces provided by the 

community and on-street official and illegal parking) did not directly connect to (even cannot 

say close to) residents’ front doorways because of the layout of these collective 

condominiums. Generally speaking, there is a certain distance between on-street parking 

space and every dwelling’s main entrance. The research, therefore, deduced that this on-

street parking space is unable to directly increase the parking convenience for the residents. 

The parking location might not be only related to the lowest use of private vehicles for 

errands previously revealed but also more social activities engaged in within this 

neighbourhood (revealed below) than the total average of the whole study area, as there is 

a strong relationship between parking convenience and private vehicle use as mentioned in 

a considerable pool research (e.g. Balcombe & York, 1993; Badland et al, 2010; Hess, 2001; 

Kitamura et al, 1997; Speck, 2012; Weinberger, 2012). What is more, when the cars are 

parked farther away from the doors, more activities will happen in the area as “slow traffic 

means lively cities” (Gehl, 2011: p.77). 

 

10.4.2.2. Related travel activity 

In terms of mode choice, all the respondents living in this block chose public transit (57%) 

and walk or bike (43%) as their main modes for errands. The average weekly walking 

frequency in this neighbourhood (12 times) was higher than that of the whole study area. 

The average weekly duration and frequency of using front space in this neighbourhood was 

also nearly 1.5 times higher than that in the whole study area at 45 minutes and 8 times. 

Around 25% of residents living in this community used their front door spaces (or the public 

courtyards) for relaxing, exercising, playing with children, and communicating with 

neighbours (Figure 10.4-8). However, for most residents, the front door space was only used 

for coming and going. There seems to be a positive relationship between the characteristics 

of front space use and walking behaviour in this neighbourhood type despite the fact that 

Figure 10.4-8 Social activities engaged in within the favourable neighbourhood 
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there was no statistical significance showing the correlation between variables of front space 

use and walking behaviour from discriminant analyses in Section 10.3. 

10.4.2.3. The discussion and debate of being a favourable neighbourhood 

To summarise the morphological features of this neighbourhood, it was a massive collective 

condominium block, where its interior network was given over entirely to pedestrians (no 

access for private vehicles) by means of being surrounded by large landscaped setbacks 

providing good walkable spaces between the edges. This neighbourhood type corresponds 

to the concept both of “building complex,” a good building solution recommended by Gehl 

(2011), and also of “superblocks,” a current project run by BCNecologia consortium. The 

superblocks are made of grids of smaller blocks and interior pedestrian priority roads in order 

to improve the pedestrian environment and limit private vehicles in Barcelona (Cardno, 

2016). Besides this, Huang (2012), a Taiwanese research also finds that collective building 

blocks have a positive influence on sustainable transport: decreasing car ownership, lowering 

private vehicle use, and significantly increasing public transit use in Taipei.  

In addition to its sustainable transport performance, this neighbourhood was also recognised 

as the best neighbourhood design by this research due to its physical and social structure as 

far as a healthy and liveable society is concerned. This is because this neighbourhood design 

was not only able to facilitate walking behaviour by both achieving the four attractors: useful, 

safe, comfortable and interesting environment and making parking less convenient to make 

a city walkable as asserted by Speck (2012), but it also reflected and supported various 

hierarchical social activities by providing different planned hierarchical semi-private or semi-

public communal spaces (see Figure 10.4-9). To illustrate this, some buildings’ ground to first 

floors provided commercial and public services to meet residents’ daily needs (useful and 

interesting). Furthermore, within the block, there were pedestrian paths, enclosed ground-

level circulation links and circulation bridges linking both separated dwellings and varied 

services (safe and comfortable).  

In terms of social activity, this building type (collective condominiums) was supposed to be 

unfavourable as Kitahara (2003) describes high-rise blocks of flats in park-like open spaces to 

often leave elders and children physically and mentally isolated from the community. 
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Comparably, Alexander et al (1977) and Gehl (2011) point out the issues of being 

inconvenient and the lack of space for residents to interact or participate in high-rise 

buildings. However, there were communal halls where residents meet each other within the 

same floors or the same buildings; communal gardens where residents spend their time; the 

neighbourhood scale communal square and the community centre where the entire 

neighbourhood or people living nearby can socialise. The layout of open spaces (as showed 

in Figure 10.4-9) somehow meets the desirable features of a walkable and liveable 

community which are asserted by Kitahara (2003) by offering various hierarchical social 

spaces (especially community centres) and providing varied essential services, such as shops 

and nurseries.  The two positive designs probably then diminish the aforementioned 

problems peculiar to high-rise buildings. What is more, this structure transfers public life into 

a part of private, family life, which can not only attract more walking behaviour (Gehl, 1986; 

2011) but also decrease crime incidence, and then enhance the sense of safety in both living 

and walking (Alfonzo et al, 2008; Gehl, 2011; Giles-Corti et al, 2009; Moudon et al, 2002; 

Speck, 2012). 

 

 

 

 

 

 

 

 

 

Figure 10.4-9 The illustration of spaces 

providing and linking social activities in 

different hierarchies 



416 

10.5. Unfavourable interface types, neighbourhood and their related travel 

activity characteristics 

In the last section, this research revealed what “favourable interface types” and “favourable 

neighbourhood types” were, and stated the characteristics of travel activities related to 

those specific types or neighbourhoods. Likewise, the two unfavourable interface types 

recognised by this research were B6-1 (overhang without front space) and D1 (alcove and 

shop window or automatic door). In addition, B4L (canopy, sliding door, shutter and stairs 

with large front space) and B2L (balcony, awning and wall with large front space) were the 

main components of the unfavourable neighbourhood. 

 

The typological details of these interface types have already been elaborated in Chapter 8, 

so the description of each type was briefly mentioned as a reminder in this section. Their 

morphological characteristics (the way these interface types combine with streets), and their 

related travel activity characteristics are therefore the main subjects presented and 

discussed here. 

10.5.1. Unfavourable interface types 

B6-1 and D1 had relatively higher percentages of private vehicle use for errands than most 

other interface types. The mode share associated with B6-1 was: 57.1% for private vehicles, 

28.6% for transit and 14.3% for walk or bike; while the mode share associated with D1 was: 

40% for private vehicles, 13.3% for transit and 46.7% for walk or bike.  

B6-1: overhang, and its related travel activities 

 

A typical size of B6-1’s overhang was 0.5 metres wide by 2.5 metres long, 

which merely provided shelter above the entrance.  

There was only 8.5% of B6-1 connecting to pavements of 1.2 metres wide. Although the 

spatial characteristics of B6-1 mean that it is unable to provide parking space, 45% was near 

to streets with official parking spaces, and more than half were adjacent to streets without 
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strict parking restrictions. In other words, there were less than 5% of residents living near 

streets with parking restrictions. Therefore, for residents in B6-1, on-street parking is an 

available and convenient choice for parking even though they do not have their own parking 

space in their dwellings. Moreover, over 90% of B6-1 connected to streets without providing 

a good pedestrian environment that contained neither pavements nor street trees.  

Related to that, people living in this type had an average weekly walking frequency and 

duration of 10 times and 2.91 hours, which is lower than that of the whole study area. This 

research inferred that the fact of that B6-1 had the highest private vehicle mode share out 

of all interface types was highly related to the convenience of street parking and the lack of 

good walkable spaces. 

D1: alcove and shop window or automatic door, and its related travel activity 

A typical alcove in D1 was 1.5 metres wide recessed within the building with 

glazed entrance and steps between alcoves and streets to provide both 

shelter and space for different activities (sitting, standing, window-shopping 

etc.) to happen. 

There was 25% of D1 connecting to pavements, where 7% were 1.2 metres wide, while 18% 

were 4.5 metres wide with moped parking spaces and street trees. Only 14% of D1 adjoined 

official on-street parking spaces, so the supply of official parking space is not adequate from 

the residents’ view. However, up to 98% of D1 was near free on-street parking space or near 

streets without strict parking restrictions, as was the situation in B6-1 above. This parking 

condition and unsustainable transport performance (mode share: 40% private vehicles and 

13.3% public transit) from D1 exactly corresponded to Auchincloss et al (2015) in that lower 

public transit use is associated with lower parking costs; that is, free parking space (from two 

perspectives: parking price and permission) in D1 was highly related to its higher private 

vehicle use. Again, the phenomena corresponds to what Speck (2012) claims: that street 

parking is one of the significant factors influencing people’s mode choice. 

Corresponding to that, residents in this type had an average weekly walking frequency which 

was lower than that of the whole study area at 10.38 times. However, the average weekly 
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walking duration was slightly higher in this type than the total at 3.16 hours. The contrasting 

walking behaviour might be caused by the walking habit that 71% of private vehicle users in 

D1 usually walk as exercise, where the habit increased the average walking duration. 

10.5.2. Unfavourable neighbourhood 

The unfavourable neighbourhood, which had a high 

aggregate mode share of private vehicles, was mainly 

formed both of B4L and B2L. B4L was the row flats with 

glazed and removable sliding doors, and its ground floor 

was usually used for catering commerce purposes. B2L was 

the semi-detached flats usually horizontally combined with B7-1L or B7-2L, and it was purely 

residential use.  

The front space in B4L was around 2.5 metres wide and the canopy was about the size to be 

able to fully cover the front space for good shelter. However, the front space could not offer 

suitable walking space as almost all of it is occupied by obstacles, such as mopeds, stalls, shop 

owners’ equipment, tables and chairs, or clothing hung out by house owners (see Figure 

10.5-1).  

 

 

 

 

Regarding B2L, the shelter both from balconies and iron sheet awnings also fully covered its 

front space. The typical scale of its front space was 3.5 metres wide by 7 metres long, which 

was theoretically spacious enough for parking a car in, but in real use, most residents park 

their vehicles on the lanes near to their houses. This phenomenon was related both to its car 

Figure 10.5-1 The contents of B4L’s front space and the illegal on-street parking 
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inaccessible entrance, and also to the fact that there were no strict on-street parking 

restrictions around the neighbourhood. 

Overall, this neighbourhood did not provide a pleasant walking environment in both private 

and public realms since there was not enough setback walkable space provided from house 

owners or pavements planned by the government. What is more, the shops even attracted 

more customers from outside the neighbourhood, who illegally parked their vehicles on the 

streets near them (also see Figure 10.5-1).  

Therefore, illegal on-street parking was an issue in this neighbourhood. It not only made 

parking easy but also reduced pedestrian walking space. As Figure 10.5-2 shows, this 

neighbourhood was almost fully surrounded by on-street parking, especially illegal on-street 

parking (but without any penalty or fine in the current situation). In this case, pedestrians 

shared the road right with vehicles, and had to walk in the middle of service roads between 

parked and moving vehicles. What exacerbates the situation was that parked vehicles make 

the roads even narrower, so the distance between pedestrians and moving vehicles was 

reduced further and makes it more dangerous. Comparably, illegal on-street parking and 

limited pedestrian space (e.g. pavements) are two common issues in Taiwanese cities 

pointed out by Hsia et al (2009). 

Theoretically, continuous on-street car parking could benefit shops and pedestrians 

simultaneously, but only when the parking space is charged at a reasonable market price and 

connects to proper walking space (Shoup, 1997; Speck, 2012; 2013). Besides this, shared 

roads or naked roads only works under the following circumstances: 1) the prime user of a 

Figure 10.5-2 The locations of on-street official and illegal parking, and current photographs of the illegal parking 
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shared road is pedestrians, especially old people and children (Kitahara, 2003); 2) private 

vehicle use gives priority to local residents (for example see a case study of Netherland 

referred in Gehl, 2011); and 3) in slow-speed environments and keeps the speed differentials 

from mixed modes at a minimum (Marshall, 2004). 

Nevertheless, residents and the customers attracted by the shops both park their vehicles 

on the streets without any payment or fine, and there was no pavement provided in this 

neighbourhood. Besides this, the roads are still mainly designed for motorised vehicles, and 

connect to secondary roads which do not only serve local residents and in which the traffic 

speed is not slow.  

This neighbourhood, therefore, might be one of the most unsustainable places which is 

unsuitable for walking and also has no benefits from on-street parking space and shared road 

space but the negative effects from them to encourage driving trips and increase pedestrians’ 

perception of danger. That is, this neighbourhood design is beneficial to vehicle users 

because of the parking convenience. It could be a vicious circle that this hostile pedestrian 

environment forces residents who are originally willing to walk to give up and switch to 

driving since it is relatively easier or less dangerous under these circumstances. Consequently, 

the increasing on-street parking and the worsening pedestrian environment cause more 

people to drive. As respondents complained, the illegal on-street parking indeed makes 

walking uncomfortable and dangerous, especially for parents who are walking children to 

schools or playgrounds. Thus, some of these respondents thought driving children to school 

would be much easier for them than walking. What is more, some residents even mentioned 

that they do not enjoy walking in this area because the walking environment is so 

uncomfortable. Using private vehicles is much easier and more convenient for them 

compared to walking in this neighbourhood. However, they do enjoy walking around in the 

countryside where the environment is better. 

This walking preference mentioned above was also consistent with the findings in Hsia et al 

(2009) that illegal parking on streets or on pavements are both likely to decrease pedestrians’ 

intention of walking, and their research also recognise it is difficult to walk unimpeded in 
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Taiwanese cities because of illegal parking of mopeds and the presence of street vendors as 

can be seen in the photographs in Figure 10.5-2. 

Related to the morphological characteristics, there were up to 56% of residents in this 

neighbourhood using private vehicles as their main mode for errands, and the aggregate 

mode share of private vehicle was about three times higher in this neighbourhood than in 

the whole study area.  

 

However, there are some interesting findings when the research looked into the results of 

walking frequency, walking duration, and the characteristics of front space use. The averages 

of weekly walking frequency and duration were higher in this neighbourhood than in the 

whole study area, with 14.29 times and 3.64 hours, despite the fact that over half of residents 

chose private vehicles as their main mode for errands. This might be related to resident’s 

walking habit or lifestyle, which is also mentioned by Hess (2008) to explain why his case 

study town with less parking restrictions has higher walking mode share for shopping than 

another town with strict parking restrictions. Corresponding to Hess (2008)’s finding, this 

research found that up to 75% of residents in this neighbourhood also chose walking as 

exercise out of habit.  

 

What is more, in terms of the characteristics of front space use, the averages of weekly 

frequency and duration (25 times and 242.5 minutes) were more than five times higher in 

this neighbourhood than in the whole study area. More than half of residents used the front 

space for relaxing, gardening, exercising, doing housework (hanging out clothes) or 

household projects, and socialising with neighbours; especially the percentage of residents 

who visit neighbours was also three times higher in this neighbourhood than in the whole 

study area.  These research findings are somehow consistent with Talen & Koschinsky 

(2014)’s statements that there is a positive relationship between social activities and a CWD 

neighbourhood which is compact, walkable and diverse, but a CWD neighbourhood is not 

necessarily a sustainable one. This selected unfavourable neighbourhood was indeed 

compact and diverse in terms of its high density of commercial and residential mixed land 

use and the diversity of commercial services (and probably some walkable spaces provided 

from B4L). However, this neighbourhood did not provide enough good quality and quantity 
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of walkable places to reduce residents’ private vehicle use, so this may be the reason why 

this neighbourhood had more social activities engaged in but a higher mode share of private 

vehicle use than the whole study area.   

 

Following these findings, this neighbourhood was not recognised as a transport sustainable 

neighbourhood, but it might be a good neighbourhood in terms of social interaction with 

neighbours. It might be contributed by B4L’s architectural characteristics: open or 

transparent façade (removable glazed sliding doors) and narrow land subdivision (Gehl, 2011) 

or small plots (Kitahara, 2003).  Actually, this inference both corresponds to the openness 

principle suggested by Kitahara (2003) which brings frequent social communication, and also 

to the narrow principle stated by Gehl (2011) that row flats with narrow units and many 

doors with various uses, which can host events and enhance street life. Moreover, its travel 

activity characteristics (more social activities and more recreational walking than the average 

of the whole study area) is also consistent with Hess (2008)’s assumption that when the 

neighbourhood environment can encourage people to socialise with their neighbours, then 

it can also engage people in walking. 

10.5.3. Summary and discussion 

According to the findings revealed by this thesis and other research, different interface types 

were associated with different mode choice and walking behaviour. On the top of that, the 

most critical differences or the determinant factors of being a favourable or unfavourable 

interface spaces are both the quality and quantity of walking space and parking space (both 

from domestic or public areas) and also the ability to facilitate gathering of outdoor activities 

in semi-private front space rather than the quality of protection of the interface from bad 

weather, or the effect of the attraction of the interface to pedestrians. For example, about 

the design of the unfavourable interface types and neighbourhood, they did satisfy the 

protection or attraction function e.g. overhangs in B6-1, alcoves and shop windows in D1, 

and canopies and glazed sliding doors in B4L.  

At the individual level, on-street parking space is likely to increase residents’ driving 

motivation by providing relatively direct parking convenience. For example, the comparison 
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between favourable and unfavourable B1 types indicated that the negative effect from on-

street parking was more significant than the positive effect from pavements in terms of 

encouraging people to use sustainable transport modes. On the other hand, at the 

neighbourhood level, if the on-street parking spaces connect to proper walking spaces, and 

the parking spaces are planned to directly or mainly serve shopping customers instead of 

residents via both marking the parking spaces only in front of shops and charging a 

reasonable market price, then these still and parked vehicles, on the contrary, could be good 

barriers for the pedestrians and they would not increase residents’ parking or driving 

convenience directly.  

The reason why interface types are significantly related to different mode share is that these 

different interface types imply different relationships between parking and walking space, 

and even affect social settings. Different interface types represent different capacities of 

parking space, and also show how much walking space and staying, socialising space they 

could provide.  

In summary, the use of private vehicles was higher when people can park their car more 

easily, as the cases revealed in unfavourable B1 type, B6-1, D1 and B4L attest to. Besides this, 

useful, safe, interesting and comfortable walking spaces are the important conditions for an 

environment to be walkable and able to encourage people to walk as asserted by Speck (2012) 

and as was the case shown in favourable B1 type and C2L.  
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Chapter 11:  Conclusions and discussions 

In the contexts of sustainable development and lively cities, this thesis was originally 

motivated by the contradiction between the theoretical benefits of mixed land use and 

the actual high dependence on private vehicles in Taiwan as most urban areas in Taiwan 

are compact and mixed land use is prevalent. However, after looking into the related 

debate on the relationship between urban form and travel activity, two key arguments 

were put forward to support this thesis to focus on the discussions both about typo-

morphology of urban form types (particularly interface types) and about the travel 

activities which are related to the defined urban form types.   

To elucidate this, the first argument was that mixed land use is a necessary but 

insufficient factor to form a sustainable, lively and walkable environment, where the goal 

only can be achieved when the quality of walking spaces is favourable, or in Speck 

(2012)’s words, ‘safe, comfortable and interesting’. On the top of that, interfaces (i.e. the 

transition connecting different elements of urban form, especially referring to spaces 

between private and public domains) play a vital role in providing space for walking and 

places for socialising (for the detailed explanations, refer to Section 2.2 and Section 4.1). 

Moreover, this argument can also explain the contradiction in Taiwan mentioned above, 

because the compact use of mixed land use only meets the “useful” condition defined by 

Speck (2012), yet the lack of good quality walkable spaces (e.g. pedestrian facilities) does 

not meet the other three conditions.  

In this sense, understanding the typology or morphology of urban form types in Taiwan 

is crucial as it is a way which leads to an understanding of the characteristics on travel 

activity (especially walking behaviour). However, the second argument made by this 

thesis was that there is little understanding of urban morphology in Taiwan, especially 

interface types. There is no comprehensive research studying interface type as an integral 

and important factor in urban planning or urban design.  

Following these two arguments, this thesis firstly established a complete catalogue of 

urban form types, namely building types, street types and interface types, and secondly 

analysed the relationships between these identified urban form types and their related 

travel activity to discover and discuss the urban and travel related issues in Taiwan.  



426 

11.1. Summaries of literature review and empirical chapters 

According to the research structure provided in Chapter 1, Chapter 2 to 4 were the 

chapters reviewing the debate on the influence of urban form elements on travel activity 

in the contexts of sustainable development from the transport and healthy and lively 

lifestyle aspects respectively. The literature reviews confirmed not only the importance 

and contribution of doing such research but also the elements and the definitions of 

which that are commonly employed in related studies. Thereafter, this thesis established 

its own arguments on the relationship between urban form and travel activity, and also 

decided on the elements or variables adopted in the methodology and empirical chapters. 

From an overall view of the influence of urban form to the precise impact of building type, 

street type and particularly of interface types on travel activity, Chapter 2 generally 

introduced the commonly used approaches and variables both of urban form and of 

travel activity respectively from Western (mainly in the UK and North American areas) to 

Eastern academia (China, Japan, but mainly in Taiwan) over the latest two decades. 

Additionally, Chapter 3 reviewed the definitions of commonly seen types of both 

buildings and streets and the related travel activity of these, and did so for interface types 

in Chapter 4.  

In Chapter 5, the methodology chapter firstly demonstrated the concept of the 

constitutions of urban form elements (Section 5.2.2.1) and established the two-

dimensional coordinate system (also known as an x-y matrix) to identify urban form types 

(Figure 5.2-5). Secondly, this thesis presented the observation system for collecting urban 

form data (see Section 5.2.2.2) and the questionnaire for travel activity data (Section 

5.2.3.1). Finally, this thesis employed a K-Means cluster method (for the theoretical 

details, refer to Section 5.3.1) to confirm the final types of buildings, streets and 

interfaces, whilst the Chi-square test and discriminant analysis were designed to examine 

the relationship between urban form types and travel activity and the relationship 

between characteristics of front space and travel activity respectively to show a general 

understanding of these relationships.  

Following these, Chapter 6 to Chapter 10 were the empirical results both of final urban 

form types, and of the relationships between them and travel activity. They also 

answered the research questions set in Chapter 1. 
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More precisely, the revealed K-Means analysis processes and results of the ten final 

building types, twelve final street types and twenty-four final interface types in Chapter 

6 indeed answered the research question: 

“How is it possible to be accurate and systematic to categorise the existing urban form 

elements, particularly recognising the interface types between buildings and streets?”  

The micro-spatial features both of the final building types and of the final street types 

were presented in Chapter 7, whilst that of the final interface types were enumerated in 

Chapter 8 to establish a complete morphological catalogue of urban form types in the 

study area. According to the findings, this thesis then also answered the other research 

question: 

“What are the representative urban form types peculiar to Taiwan, including building 

types, street types, and particularly interface types, as a key to understand the current 

urban grain?  

Chapter 9 firstly gave an overall view of the travel activity patterns (e.g. mode preference 

and general walking habit) in the study area through the basic descriptive statistics 

(Section 9.1), and then the relationship between building types and their related travel 

activity was revealed by Chi-square tests (Section 9.2), and this process was repeated for 

street types in Section 9.3. Finally, Chapter 10 showed the general relationship between 

interface types and travel activity by using a Chi-square test (Section 10.2), and the 

relationships between the characteristics of front space use (frequency and duration) and 

travel activity (mode share, walking frequency and duration) by using discriminant 

analysis (Section 10.3). On top of that, Section 10.4 and Section 10.5 respectively 

identified the favourable and unfavourable interfaces types at both the individual and 

neighbourhood levels, and further revealed and discussed the subtle relationships 

between these specific interface types and the characteristics of their related travel 

activity.  

As part of the current trend for urban development that is both sustainable and liveable, 

the secondary aim of the research was to show how the urban form elements might 

relate to travel activities, and to recognise that type which most encourages walking. 

Meanwhile, by fulfilling the secondary research objective, this research also tried to verify 

the notion about the positive relationship between front space use and travel activity 
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(especially walking behaviour). Therefore, based on the findings, the thesis successfully 

answered the final research question: 

“How are the identified urban form types associated with travel activity (mode choice and 

walking behaviour)? For example, what kind of urban form types are related to 

sustainable mode choice and sociable activities (e.g. walking)? Furthermore, will the use 

pattern of interface space (especially front door space, the most important area in 

interface space) affect walking behaviour as some existing studies claim?”  

In the following sections, this thesis summarises the key claims or statements related to 

urban form or to travel activity, and concludes that there is little understating of interface 

types in the existing literature. Related to that, the application of the research methods 

of the urban form classification system and the research findings therefore contributed 

to the related existing studies on urban form and travel activity. 

11.1.1. Literature review 

• The roles of building type and of street type playing in the research background 

Building type and street type have both been studied as fundamental components 

making up urban form in urban morphology (e.g. Kropf, 2014; 2018; Whitehand et al, 

2011; Huang, 2007). Therefore, there has been a considerable amount of research 

containing classifications and definitions of both building types and street types (for 

details, refer to Section 3.2 and Section 3.4). For example, in Taiwan, the government 

has set up a classification of building types in Land and Building Use Items, Zoning 

Regulation of Taiwan, whilst the classification of street types (focusing on road 

function and hierarchy) can be referred to Urban Road Act as building type and street 

type are crucial elements in Taiwan’s urban planning.  

However, within the research related to urban form and travel activity, building type 

has been overlooked compared to street types. To elucidate this, there is no holistic 

and scientific analysis of the relationship between building types and travel activities 

found in the literature review, but only some researchers (e.g. Kitahara, 2003; Gehl, 

2011) claim that there is an impact of a building’s height on residents’ outdoor 

activities. By contrast, as one type of street system, pavements are found by a 

considerable amount of research to have a positive influence on neighbourly social 
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activity (Lund, 2002; Podobnik, 2011) and a negative correlation with private vehicle 

use (Lin & Yang, 2009). Besides this, pleasing streetscapes (e.g. street trees) is also 

related to high walking behaviour (Cao et al, 2007; Giles-Corti et al, 2009; Lin & Chang, 

2008; 2010).  

Owning to the importance of building type itself in the urban morphological studies 

but the little understanding on its related travel activity, the discussion of the 

relationship between building type and travel activity could contribute to the lack of 

such knowledge in the existing related literature.  

• The role of interface types playing in the research background 

Not only is there a scarcity of research linking interface space to travel behaviour (as 

revealed in Table 2.1-1), but most studies do not recognise the interface as an 

efficacious element of overall urban design at all, either classifying it as a part of the 

street system or merely as an aesthetically pleasing extra rather than regarding them 

as integral factors (e.g. quantity, size, greenness of pedestrian facilities analysed by 

Lin & Chang, 2010; Cervero & Kockelman, 1997; Kitamura et al, 1997). From all the 

literature reviewed by this thesis, only three studies, Bobić (2004), Dovey & Wood 

(2015) and Kamalipour (2016), recognise the integrity of ‘interface type’ as an 

individual component of urban form and give interfaces more precise definitions 

(reviewed in Section 4.1.2). Furthermore, these three studies classify interface types 

into some specific groups more systematically than other studies focusing on frontage 

types or façade types (e.g. Alexander et al, 1977; Ford, 2000b; Gehl, 1986; 2011; 

Parolek et al, 2008; Steadman et al, 2000b). 

Having said that, the definition adopted by Dovey & Wood (2015) and Kamalipour 

(2016) is narrower than Bobić (2004)’s, where they focus on the spaces between 

buildings and streets confined to types of front setbacks, whilst Bobić broadly defines 

interfaces as transitions between various urban form elements as this thesis did. That 

is, the interfaces which Bobić identifies can be a place adjacent to a building frontage 

(e.g. porches), an attachment (e.g. awnings) or an extension of street room (e.g. 

squares and street markets). Therefore, these studies helped this thesis establish a 

comprehensive catalogue of all the possible interface types, especially based on Bobić 
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(2004)’s knowledge of interfaces, was the main which were also used for recognising 

interface types in the fieldwork. 

However, when it comes to interface types in Taiwanese research, there is no 

interface typo-morphology; instead, interface type has been subsumed under 

building or street types as mentioned before, and only some specific elements are 

individually discussed; for example, Hu & Hsu (2003); Lai & Nieh (2011) only study the 

typology of arcades, whilst Chou et al (2004) specialise in the surface conditions of 

pavements. 

Following these, the complete review of interface types, including the comparison 

between different related studies in terms of their definition of interfaces, 

approaches to studying interfaces and social activity, and the enumeration of 

interface types which have been identified from the literature, can definitely be 

regarded as a contribution from this thesis to the interface type research.  

11.1.2. Key empirical results 

As urban form types were the main study subjects in this thesis, the key findings from the 

current representative building types, street types and interface types in the selected 

areas are summarised in Section 11.1.2.1 to give a general picture of Taiwanese cityscape. 

Following this, the relationships between these identified form elements and their 

related travel activity are also discussed in Section 11.1.2.2 to reveal a general travel 

activity pattern of Taiwanese residents.  

11.1.2.1. Building types, street types and interface types 

• Building types (BT)  

According to the classification system in Chapter 5, BT is the combination (output) of 

building function (input) and building form (output). In terms of building function, Flat 

and Condominium were the most prevalent function out of all BTs, and widely 

distributed within the observation areas. Concerning the building form, the study 

area was nearly evenly composed of Semi-detached, Row and followed by Detached 

and Collective.  



431 

In general, normal condition (structurally liveable), mid-rise (from four to six floors), 

R.C. buildings without built-in lifts nor underground parking spaces were most 

commonly seen in the observation area. What is more, the ten final representative 

BTs classified in Section 6.3. and illustrated in Figure7.1-1, represented 95.2% of all 

objects, and 82.11% of the investigation areas. 

• Street types (ST) 

ST is defined by this thesis as the combination (output) of street function (input) and 

street form, including parking space, pavement, planting and street furniture (input). 

Service road (usually eight metres wide) was the main street function out of all STs. 

In terms of street form, in general, 40% of streets (the total length of street with 

marked parking space divided by total street length) provided on-street parking 

spaces, and 30% of streets (pavement total length divided by total street length) 

provided good-condition pavements. But only 18% of streets (the total length of 

street with official street trees divided by total street length) had street trees planted 

by authorities. 

The twelve final STs, determined in Section 6.4 and illustrated in Figure 7.2-1, 

comprised at least 90% of the streetscape in the observation area; especially ST2, ST4 

and ST5 were the most widely seen types making up a half of the street patterns. 

• Interface types (IT)  

IT is most complex and varied out of all urban form elements based on the fieldwork 

results as IT is defined as the combination of front space type and interface unit, 

where the interface unit is made up of a combination of interface elements. Therefore, 

K-Means was used to help the research designate both the kinds of interface unit and 

the final IT, which were revealed in Section 6.2., comprised over 93% of the interface 

form in the study area; especially B1, B2L, B3L and F1 were most widely seen 

comprising around a third of ITs. 
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11.1.2.2. Relationships between urban form types and travel activity patterns 

Table 11.1-1 The summary of the relationships between urban form types and travel activity 

 Mode choice Walking behaviour 

Urban form types Work Errands Duration Frequency 

Building type (BT) - - ● - 

Street type (ST) - ● ● - 

Interface type (IT) - ● - - 

Note: 

- no significant relationship; ● significant relationship  
 

As Table 11.1-1 shows, on the whole, in terms of mode choice, errand trip was more 

sensitive to the changes of built environment than work trip was since the relationships 

between urban form types (except for BT) and their mode choices for errands were 

significant, whilst all the form types had no significant relationship with mode choices for 

work. Moreover, this insignificant outcome of work trip was consistent with the 

statements made by Boarnet & Crane (2001a), Gehl (2011), Handy (1996a), Handy et al 

(2002), Hess (2008) and Krizek (2003a), because work trip is defined as a derived-demand 

journey or necessary trip which is less flexible, and travel time and travel cost are more 

important than the aesthetic appeal of the environment during traveling.  

When it comes to walking behaviour, in general, duration was more sensitive to the 

changes of built environment than frequency was as the relationships between urban 

form types (except for IT) and walking duration were significant, whilst all the form types 

had no significant relationship with walking frequency. These findings somewhat 

corresponded to Gehl (2011)’s claim that “time is crucial” because the minutes spent on 

outdoor activity is more important than frequency since a few long-lasting activities 

produce as many opportunities for meeting neighbours as many short ones.  

To be more precisely revealing these results, the overall relationships between urban 

form types (BT, ST and IT) are elucidated below.   

• BT and travel activity 

Although there was no significant relationship between BT and mode choice, the 

relationship between BT and residents’ weekly walking duration was significant. For 

example, there was a significantly higher percentage of residents spending less time on 
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walking in BT2-semi-detached flat, BT3-row flat and BT4-detached condominium. The 

result of BT4 was consistent with Gehl (2011)’s claim that residents living on the higher 

floors may feel it inconvenient to come and go and to engage in outdoor activity as BT4 

was a BT over seven floors with one communal front space. However, the result of BT3 

was inconsistent with his claim. He supposes that row flats with small front gardens are 

likely to encourage more outdoor activity as the residents generally spend a longer time 

outside in the front gardens (ibid). However, a higher percentage of residents living in 

BT3 were found to spend less time on outdoor activity than most other BTs. This thesis 

suggested that the inconsistency was arguably caused by the fact that BT3-row flats did 

not have proper front gardens for residents to spend time in and probably further 

influence their outdoor activity patterns. 

• ST and travel activity 

In a word, street types had significant relationships both with mode choices for errand 

trip and with walking duration from Chi-square tests. To summarise the relationships 

between street characteristics and travel activity behaviour, firstly, the pedestrian 

accessibility of STs generally had a positive relationship with sustainable mode choice, 

which was consistent with the benefits of pavements claimed by other studies (e.g. Lin & 

Chang, 2010; Speck, 2013; Handy et al, 2002; Moudon et al, 2002; Lee & Moudon, 2006). 

By contrast, on-street parking spaces were associated with more private vehicle use than 

other STs without on-street parking spaces, where the result also corresponded to the 

negative effect from parking on pedestrians, as stated by Shoup (1997) and Speck (2013). 

Having said that, STs with parking space but also connected to pavements were found to 

have lower private vehicle use than those with only parking spaces. This finding 

somewhat corresponded to the benefits of parking spaces suggested by Speck (2013) that 

when parking spaces connect to pavements, they turn into a favourable element to 

create safer pedestrian environments by separating moving vehicles and pedestrians as 

steel barriers.  

Secondly, counterintuitively, the pedestrian accessibility had a negative relationship with 

walking duration. To elaborate this, the presence of pavements or of parking spaces was 

unlikely to encourage residents to spend more time on walking. This might be related to 

a resident’s walking habit or lifestyle, as recognised by Hess (2008) that one of his case 

study areas with less parking restrictions has a higher walking mode share for shopping 
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than the others with strict parking restrictions, and he suggests the result might be 

related to residents’ lifestyle. This thesis concluded some possible reasons for the 

different walking habits from the literature. Some research finds that people tend to have 

multi-destination trips (e.g. Cao et al, 2009a; Krizek, 2003c, or so-called trip chaining by 

Islam & Habib, 2012). Related to that, residents who walked for transport are likely to 

conduct other errands on the way home from work, so it reduces the chance that they 

have other errand trips when they are home. In addition, walking is usually regarded as 

one kind of exercise (Handy & Clifton, 2001), so the residents who walked for transport 

might think they have already exercised and there is no need to spend extra time on 

walking around the neighbourhood.  

Following the findings revealed above, pavements might not have an absolutely positive 

influence on or parking spaces might not have an absolutely negative influence on 

encouraging sustainable mode choice. Therefore, this thesis concluded that it is 

important to consider the whole street environment (combining all the characteristics of 

STs together) while studying the relationship between STs and travel activity, because 

residents’ travel activity patterns are influenced simultaneously by street functions and 

different combinations of forms, not only the presence of pavements or parking spaces.  

• IT and travel activity 

According to the results shown in Section 10.2.1, B3L and B1 were the two favourable 

types relating to more sustainable travel activity out of all ITs, whilst B6-1 and D1 were 

the two unfavourable types relating to more private vehicle use than others. At 

neighbourhood level, C2L constituted almost the whole favourable neighbourhood, 

whilst the unfavourable neighbourhood consisted of B4L and B2L. The results reflected 

that the determining factors of being favourable or unfavourable ITs or neighbourhoods 

were the quality of walking spaces, the quantity of parking spaces, and the ability to host 

outdoor activity in the semi-private/public front space. This is because various ITs suggest 

different capacities of parking space, and also show how much or how good walking 

spaces they could provide. More precisely, private vehicle use was higher when people 

can park their vehicles more easily, as the cases showed in unfavourable B1-type, B6-1, 

D1 and B4L. By contrast, useful, safe, interesting and comfortable walking spaces are the 

important conditions to encourage people to walk and engage in social activity, as was 

the case in B1 and C2L.  
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As being one form of interfaces, the use of front space (frequency and duration) and its 

correlation with travel activity was therefore analysed in this thesis. Similar to the overall 

relationships between urban form types and travel activity, there was no significant 

correlation between front space use and mode choice for work trip, but was for errand 

trip; what is more, the duration of front space use performed better than frequency in 

every analysis, and longer use of front space was related to longer walking hours, yet the 

frequency of front space use was not. This outcome also corresponded to Gehl (2011: 

p.77)’s view that the minutes spent on outdoor activity, including in the front yards, is 

more important than frequency as mentioned earlier. However, the discriminant 

functions failed to predict the mode choices for errands successfully by putting in the use 

of front space. This research could only find that different patterns of front space use 

were associated with different mode choices, yet not show the absolutely positive or 

negative correlation between the use of front space and the possibility of sustainable 

mode choices. Therefore, this thesis was unable to support the positive correlation 

between front space activities and walking behaviour as claimed by Alexander et al (1977: 

p.562), Brown et al (1998), Gehl (2011) and Hess (2008) under Taiwanese urban contexts 

from the results. 
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11.2. Overall discussion about methodologies, related results and suggestions 

for future research 

Corresponding to the prime research objective of establishing a comprehensive 

catalogue of current urban form in Taipei, an operable classification system which is able 

to both recognise representative urban form types and closely illustrate the actual urban 

form (particularly interfaces) is therefore regarded as the most important contribution of 

this thesis. Therefore, this thesis established the classification system by combining the 

two-dimensional coordinate system (x-y matrix) with cluster analyses to both account for 

all the kinds of urban form and distinguish the representative types out of the whole 

urban form types by K-Means to certify its correctness and significance. Besides this, this 

classification system can adapt flexibly to diverse areas from developed Western cities 

(as exemplified in Figure 5.2-6) to informal cities (e.g. see Figure 11.2-2 later) as the final 

types of urban form are based on actual fieldwork results but statistically identified by 

cluster methods.  

11.2.1. Overall evaluation of cluster analyses used in this thesis 

11.2.1.1. Use and strength of the cluster methods 

Unlike most quantitative studies of urban form which typically use cluster analysis (e.g. 

Berghauser Pont et al, 2017; Charreire et al, 2012; Huang, 2007; Louf & Barthlemy, 2014; 

Jacques & El-Geneidy, 2014; Serra et al 2017, etc.), this thesis particularly focused on the 

architectural and landscaping features (e.g. style, material, etc.) rather than the scales or 

measurements of each individual form element. For example, in terms of those interface 

types that provide some form of shelter, while the different shelter-providing elements 

(e.g. awning, canopy, arcades etc. introduced in Chapter 4) all provide shelter, the effect 

of each varies depending on the degree of their shelter coverage (i.e. due to area, length 

and width). These specific shelter characteristics can, of course, be used to evaluate the 

effect of shelter in every interface space, and interface spaces can then be classified 

according to that ‘shelter effectiveness’. However, relating to Bobić (2004)’s claim that 

the design differences given by nature lead to different visual, physical and psychological 

influence on users or passengers, those quantified indicators cannot present the 
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aforementioned differences from various shelter-providing elements. For example, in 

terms of structural flexibility, awnings are usually retractable or adjustable, yet canopies 

and arcades are more fixed into the building frontages (as presented in Figure 4.2-17); 

relating to those features, awnings are recommended by Bobić (2004) for retail use as 

the colours of them may visually enhance the attractiveness to pedestrians; whilst 

canopies and arcades provide better shelter against the bad weather or protect 

pedestrians from traffic hazards than awnings do.  

Moreover, these crude measurements alone cannot demonstrate the diversity and 

complexity within interface spaces, where one interface space usually contains more 

than two interface elements, or when two interface spaces have the same effect of 

shelter, yet have different constitutions (for example, interface type B2L: balcony, awning 

and wall, and B3L: canopy and wall, see Figure 8.1-1). Moreover, this issue, to some 

extent, related to the deficiency of the classification systems developed by Bobić (2004) 

as well as by Dovey & Wood (2015) and Kamalipour (2016). To illustrate this, Bobić (2004) 

only recognises one interface element in a single transition space, instead of identifying 

the actual interface forms to understand and present the existing combinations of 

interface elements while the actual interfaces can be complicated as claimed by Dovey & 

Wood (2015) and Kamalipour (2016). Although the studies (ibid) both point out the 

importance of identifying the actual forms of interfaces (and indeed provide a framework 

of classifying them), they admit that their classifications are not complete enough to 

present both the actual variety of interfaces and how these varied interface elements 

combine together (for the details of their classifications, refer to Section 4.1.2 and Table 

4.1-2). 

In addition, in terms of research objects and scale, most of other cluster analysis related 

research studies urban form at blocks/streets scale, such as the patterns of building 

density and the patterns of street networks (e.g. Berghauser Pont et al, 2017; Jacques & 

El-Geneidy, 2014; Serra et al, 2017, etc.), whilst this thesis focused on the classification 

of typo-morphological details at the individual house scale, especially the spaces between 

buildings and open spaces (i.e. interfaces). Therefore, a cluster analysis that is able to 

deal with categorical datasets appeared to be more appropriate than other quantitative 

data-based cluster methods for this thesis, in order to present and illustrate the subtle 
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categorical differences of architectural and landscaping aspects among different form 

types (interface types in particular) and thereby fulfil the main aim of the thesis. 

While K-Means cannot be directly applied to classify categorical data, this approach has 

been applied to deal with categorical data by converting the initial data into binary data 

in other academic fields (e.g. Brusco, 2004) as the value of Euclidean distance (the unit 

calculated by K-Means) is linearly related to the value of simple matching dissimilarity 

(the unit for calculating the percentage of matches for binary data). Besides this, D’Enza 

& Palumbo (2013) claim that binary data represents fast and versatile data coding and is 

one of the most widely used data structures. For example, researchers convert market 

basket database (i.e. customer’s purchased items from every single transaction) into 

binary coding to cluster and find costumer’s buying patterns (Guha et al, 2000). Moreover, 

K-Means is recognised as an effective method for clustering binary data (Brusco, 2004; 

Dimitriadou et al, 2002).  

Despite the fact that binary data are theoretically able to be analysed by partitioning 

methods, they may not be clustered satisfactorily through the K-Means programming 

processes in SPSS (IBM, 2019).  This is because, for binary data, when the initial centres 

of clusters are chosen, the centres are still binary. As a result, the cases are likely to be 

assigned to clusters in an arbitrary manner, since for iterations the cases are compared 

to cluster means and they will always be at some integer distance from each of the 

centres. This means that it is hard to break the ties to converge to stable cluster 

assignments even after more than ten steps (the default). For a more statistically 

satisfactory result, IBM therefore recommend employing a hierarchical cluster procedure 

to deal with binary datasets (ibid.).   

In fact, this thesis did use a hierarchical method to generate dendrograms to see the 

processes of clustering of form types (e.g. see Figure 6.2-3, Appendix 6-3, Appendix 6-4 

and Appendix 6-6), and the results derived were arguably similar to those that would 

have been obtained through K-Means. To elaborate this, Figure 11.2-1 shows the 

agglomerative schedule of clustering from all the interface cases.  The observations Case 

Numbers 129, 1266, 1210, 1150, …, 205, 1055 and 180 were gradually clustered into the 

same group (when the cut-off point, i.e. the red line, had been set) as they were by K-

Means.  The aforementioned observations were originally and respectively recorded as 
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“balcony, awning, high wall and large front space”, where the description was identical 

to the constitution of B2L defined by K-Means (e.g. see Table 6.2-8).  For more examples, 

Case Numbers 105, 746, and 526 were merged into the same group whilst they were also 

clustered into C2L (large front setback) by K-Means. The cases 891, 1090, 237 and 5 all 

consisted of arcades and shop windows (or automatic doors), and also identified as B1 by 

K-Means.  

 

Although the results from hierarchical cluster and K-means appeared to be so similar in 

this thesis, because there were over one thousand observations needed to be individually 

classified in the hierarchical system (as showed in Figure 11.2-1), it would be difficult to 

recognise the final clusters of every object and assign them to proper categories as the 

constitutions of interface spaces are so complex. This suggested that a hierarchical 

method was not as suitable as K-means for analysing a huge dataset (Dimitriadou et al, 

2002; Kaufman & Rousseeuw, 2005).  

What is more, responding to the complexity of urban form, as mentioned in Chapter 5 

(e.g. see Table 5.3-1), one of the features of K-Means is to help researchers to find the 

constructions and members of identified clusters. Serra et al (2017), for example, define 

them as prototypes (multivariate property described by each cluster) and archetypes as 

real examples to illustrate defined morphological types. Additionally, this thesis found 

that K-Means provides a more objective and scientific way to recognise final types with a 

Figure 11.2-1 Dendrogram plot (extracted from Figure 6.2-3) showing the correlation between interface 
observations and the final clusters 
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balance between uniqueness and universality of clusters than identifying final types 

simply by their occurrence to avoid the situation that some unique types but with fewer 

numbers might be related to very sustainable or very unsustainable travel behaviour. 

Hence, for optimising the clustering, the final types identified in this thesis were decided 

by comparing the outcome both from K-Means and actual occurrence of each type (for 

details refer to Chapter 6). For example, in the section of street classification, the two 

clusters ‘pedestrian with bollard’ and ‘fire lane with bollard’ categorised by K-Means were 

left out from the final street clusters as there was only one sample of each cluster to avoid 

the difficulty of finding respondents for travel activity analysis.  On the contrary, for the 

future pure typo-morphological research, where the clusters will not be further analysed 

with travel activity data or other variables, then the clusters generated by K-Means 

probably can be directly adopted. 

Consequently, for a straightforward and accessible outcome (comparing Figure 6.2-3 and 

Table 6.2-2), K-Means was chosen to cluster urban forms as the results generated from 

K-Means were so similar to hierarchical cluster and successfully described the current 

urban form in the study areas. For example, the final urban form types (including ten 

building types, twelve street types and twenty-four interface types) recognised by this 

thesis via K-Means successfully represented and illustrated more than 90% of the 

selected study areas.  

Nevertheless, in order to gain this ease and accessibility, this thesis may have had to 

somewhat sacrifice the statistical satisfaction or more accurate statistical results derived 

from other methods. Therefore, for future research, in addition to hierarchical cluster, 

this thesis recommends clustering the categorial data differently by using partitioning 

around medoids (PAM, e.g. K-medoid used by Berghauser Pont et al, 2017) or K-modes 

to compare the results from K-Means and to obtain a more statistically satisfactory result. 

To illustrate this, K-medoid or K-modes algorithms are proposed as an extension of K-

Means to particularly cluster categorical datasets (e.g. see Cao et al, 2012; Kaufman & 

Rousseeuw, 2005; Salem et al, 2018). In fact, these methods are similar to K-Means. For 

example, K-Means has cluster centres defined by Euclidean distance (i.e. centroids), 

whilst cluster centres for K-medoid are restricted to be the observations themselves, 
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where the optimal representative objects are called medoids as the average distance (or 

dissimilarity) of the representative objects to all the other objects of the same clusters 

are being minimised. K-medoid therefore is recognised more robust than K-Means with 

respect to outliers by Kaufman & Rousseeuw (2005). Besides this, in Salem et al (2018)’s 

research, they convert the initial categorical data into numeric values by using the relative 

frequency of each modality in the attributes (the so-called Manhattan distance between 

the observations and the centroids) to avoid trivial clusterings such as cluster death (ties), 

which may occur in K-Means algorithm as mentioned before.  

11.2.1.2. Reservations about clustering (especially K-Means and numbers of 

clusters) 

Having said that, there are some reservations about using K-Means to cluster urban form 

types, namely the significance of K-Means results and the number of clusters. The 

advantage of K-Means is less significant when the constitution of urban form is more 

unified and simpler. To illustrate this, in the building classification section, as Figure 7.1-

1 shows, the x-y matrix can present both the theoretical combinations of BTs (32 

possibility generated by plotting 8 functions against 4 forms) and the actual types from 

fieldwork (22 types). The final BTs could be determined from their prevalence; for 

example, there would be ten BTs when the percentage of numbers/areas of the identified 

types was over 2% out of the all object numbers/areas. Therefore, the use of K-Means in 

this kind of cases may not be necessary, whilst K-Means might still be helpful for 

recognising unique but not prevalent types as mentioned before.  

However, when it comes to complex constitutions of form types like STs and ITs, the help 

of K-Means still appears significant. For example, in Figure 7.2-1, the road forms on the 

y-axis are the combinations of road form elements (e.g. kerbed pavements, painted 

pavements, parking spaces, bollards, striped crosswalks, etc.), where the theoretical 

combinations can be (1)(2) kerbed/painted pavements, (3)(4) kerbed/painted pavements 

and parking spaces, (5)(6) kerbed/painted pavements and parking spaces and bollards, 

and so on. If further combining road forms with road functions, then the theoretical STs 

will be over hundreds, whilst over thirty actual STs were found from fieldwork. Because 

of this complexity, it would be difficult to identify the representative types only from their 
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occurrence. Relating to that, the final road form categories in Figure 7.2-1 were the 

outcome clustered by K-Means. The both possible and actual combinations are 

complicated in STs, not to mention those in ITs: over a hundred types of actual interface 

combinations were observed from this fieldwork. Therefore, in this case, K-Means can 

help to recognise the most significant and representative ITs, particularly in an 

ununiformed environment, e.g. informal settlements. As pointed out by Kamalipour 

(2016), informal settlements incorporate mixed conditions, and their interface variations 

are more complex compared to formal cities, whose urban interfaces follow a fairly 

consistent pattern.  

For addressing the actual complexity in interfaces, in addition to K-Means, the three-layer 

recording system (as shown from Figure 5.2-7 to Figure 5.2-10) was especially designed 

to help systematically record and present the actual complexity of interfaces in informal 

cities, such as Bangkok and Hanoi, or in cities with varied streetscapes, such as Hong Kong.  

For example, Figure 11.2-2 shows the complexity of streetscape in Old Quarter, Hanoi, 

where nearly all the interfaces between buildings and streets include two layers; for 

example, the first layer consists of balconies, overhangs (or signboards), rolled-up 

shutters and raised platforms (occupied by exhibits), whilst the second layer consists of 

pavements (or kerbed setback space recognised from the picture).  

Following this, the methods developed in this thesis might provide a solution to the issue 

related to what Dovey & Wood (2015) and Kamalipour (2016) claim, i.e. the difficulty but 

importance of identifying the actual forms of interfaces as the interfaces do not easily 

settle into categories when built environment is not uniform. What is more, there is no 

agreed method for categorising interfaces.  

 

 

Figure 11.2-2 Streetscape in Hanoi (i Tour 
Vietnam, 2018).  

Available at: 
https://www.itourvn.com/blog/what-to-do-
in-hanoi-in-3-days-travel-guide. Accessed 
on 17 November 2018. 
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In addition to the significance of K-Means, determining the number of clusters however 

has been regarded as the most critical problem of using K-Means (Dimitriadou et al, 2002; 

Jain, 2010). After reviewing the current literature, this thesis chose using a hierarchical 

algorithm (dendrogram plot) and AVONA (F-value) to determine the final numbers of 

clusters of urban form types (for details refer to Section 5.3.1) as suggested by Huang et 

al (2007) and Chen (2005). More recently, on the other hand, Berghauser Pont et al (2017) 

and Serra et al (2017) notably employ the other common methods of making scree plots 

of different values of K with smallest squared error, which perhaps suggests that, as yet, 

there is no single accepted method of determining a suitable number of clusters.  

In terms of typo-morphology, the cluster methods (combining hierarchical cluster and K-

Means) indeed provided a way to recognise suitable form clusters to illustrate the 

universality and uniqueness of actual form types as much as possible. Nevertheless, when 

these identified form types were further combined with travel activity data to analysis 

the relationship between form elements and travel activity, some accompanying 

insignificant results of the relationships might be related to the critical issue of numbers 

of clusters. 

When the clusters of form elements are too many, it may lead to small samples of travel 

activity survey from each cluster. To illustrate this, especially in interface classification, 

there were twenty-four clusters; if all the samples are evenly distributed to each cluster, 

then each cluster will still only have around ten samples. However, relating to the actual 

distribution of the occurrences of ITs, most respondents were collected from some 

certain types: more precisely, more than 60% of respondents came from seven ITs, 

namely B1, B2L, B3L, B6-1L, B7-1, D1 and F1L, which also constituted half of the selected 

study area. Relating to this, some ITs only got one sample (e.g. B5L, B7-1L, D2L, E1 and 

E2), whilst E4L had no sample. Comparably, for STs, relating to their actual distribution, 

80% of respondents were collected from four STs which also constituted about 60% of 

the selected study area. Consequently, ST3 and ST8, which combining together only 

constituted around 3.7% of the study area, had few respondents for each, whilst ST9, 

ST10 and ST11 had no respondent. Having said that, it is worth pointing out the fact that 
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ST10 and ST11 were intersection types, and consequently there were no residents living 

right on the intersections. 

Such an unevenly distributed sample issue is likely to lead to some insignificant statistical 

results of the relationships between form and travel activity. For example, this thesis 

showed there were no significant relationship between BT and mode choice either in 

work or errand trips. This might be affected by the limited sample size, i.e. uneven sample 

size of each BT, where three specific BTs had no respondents as relating to their 

prevalence that they totally constituted merely 3% of the study area. What is more, the 

difficulty of sampling residents in BT9 (detached temporary house) also related to its use, 

where over 90% of BT9 was either used for pure commerce (e.g. take-away, noodle shops) 

or being left vacant.  

11.2.2. Other potential methodological problems and suggestions 

11.2.2.1.  Sampling methods 

Considering all the issues discussed above, the sampling technique was critical. Some 

sampling issues have been recognised in this thesis, however, notably in relation to the 

sampling bias and sample size, which may limit the robustness of the results about the 

relationship between form and travel activity. About the sampling bias, respondents were 

obtained from three sources of online survey disseminating from social medias, hardcopy 

questionnaires disseminating from community centres or local leaders’ offices and 

personal interviews on the streets. In all cases the sampling method was closer to being 

stratified rather than completely random because in each one the respondents were 

likely to be confined to some certain groups of people. For example, the online survey 

might be mainly accessed by young people, whilst the community centres might 

contribute more samples of elder or retired people than that of young people, while even 

the on-street survey may have been swayed by the interviewer’s unconscious bias in 

selecting respondents.  

Having said that, for diminishing the foreseen sampling bias, the final analysed travel 

activity data were filtered from the respondents’ socio-economic background, travel 
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behaviour preference and residential self-selection (for detailed criteria, refer to Section 

5.3.2) to both minimise the effect from the respondent bias and maximise the influence 

from urban form elements on travel activity. Even by doing so, some insignificant results 

might be related to both the fact that the sample size (284 respondents) collected was 

able to represent the population significantly only at a 90% confidence interval (381 

samples would have been representative at a 95% confidence interval) and the fact that 

some samples were too few in some final clusters as mentioned above.       

Hence, there are some improvements could be implemented in future research. For both 

avoiding sample bias and increasing the sample size, mail-out mail-back, in cooperation 

with schools and systematic sampling might be additionally added to the range of 

methods used in this thesis. To elaborate this, mailing is one of the most commonly used 

methods, employed for example  by Hess (2008), Khattak & Rodriguez (2005) and Snellen 

et al (2001). However, there are some downsides of mailing a survey. Ebert et al (2018) 

point out that there have been declining response rates over the past decade as residents 

check their physical mailbox less often than before, and traditional paper mailing is time-

consuming and costs much more than a web-based survey (€15.67 vs. €1.51). 

Corresponding to this, there were only around 23-24% of response rates achieved from 

mail-out mail-back in both Tsukaguchi et al (2007) and Hess (2008)’s studies. That is also 

the reason why Hsia et al (2009) decide to conduct their survey personally by trained 

interviewers to reach a higher response rate than the corresponding Japanese survey 

conducted by Tsukaguchi et al (2007). For increasing the effective response rate, Lin & 

Chang (2010) and Lin & Yu (2011) both cooperate with local primary schools in selecting 

samples. Their hardcopy questionnaires were delivered to all students from the randomly 

selected classes, and the chosen students’ parents were asked to respond to the 

questions. As a result, the overall effective response rate was over 70%. Moreover, 

systematic sampling methods (where, for example, the interviewer selects every fifth 

person they see on the street) can avoid the interviewer’s unconscious bias in selecting 

interviewees.  
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11.2.2.2.  Respondents’ background 

In addition to numbers of clusters and sampling methods discussed above, some of the 

insignificant results might be related to the control of residents’ socio-economic 

background. To illustrate this, as suggested by the definitions of flats and condominiums 

in Section 3.2.2, residents living in flats or condominiums suggest financial difference, i.e. 

flats are typically lower quality residences inhabited by lower-income groups, whilst 

residents living in condominiums are more likely to have more vehicles and their own 

parking spaces, and are therefore more likely to use cars than residents in flats do. Similar 

to the assumption, Zhang & Chai (2019) find that varied travel activity patterns from 

residents living in different housing types are related to significant socio-economic 

differences among the residents. In this sense, residents’ socio-economic characteristics 

may be more of a key factor in influencing travel activity than building type. Although 

the socio-economic characteristics of selected respondents were controlled to be 

similar, in order to maximize the influence from urban form on travel activity in the 

result, it remains the case that this thesis did not express the influence from socio-

economic factors on travel activity.  

Similar to this, for discussing the possible reason of the inefficient prediction of the 

relationship between use of front space and travel activity, it may be also highly related 

to the respondents’ personal profile instead of the sample size as there were at least 

around twenty samples in every group of variables. Although the travel activity data were 

from selected respondents who lived in dwellings with front yards, similar household 

incomes and similar walking attitudes, the other personal characteristics such as 

employment status (e.g. retired or work at home), age and gender were not considered. 

However, respondents’ personal characteristics may be highly related to both their use 

of front space, and also to their preference of mode choice. For example, retired elder 

people may have more time to spend in front yards than other people do, but they may 

tend to use private vehicles more because of their limited physical condition. Following 

this, the mode choice made is more likely to related to the respondent’s personal 

conditions rather than to their use of front space. Thus, in this sense, this thesis arguably 

concluded that the impact from respondents’ personal characteristics might be more 

critical than from their habits of using front spaces on their mode choices, where the 
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impact might lead to the finding that different use pattern of front space responded to 

different travel activity pattern, but the travel activity failed to be predicted from the use 

pattern of front space. Therefore, for future research, it may be worth comparing the 

travel activity patterns from different groups of respondents classified from their 

personal characteristics to both diminish the impact from residents themselves and 

maximum the impact from the use of front space itself.  

11.2.3. Justification of empirical results 

There was no significant relationship between BTs and mode choice, whilst the other two 

types (ST and IT) had significant results shown in this thesis; it was somewhat related to 

the fact that there is limited knowledge of the influence of BTs on travel activity 

comparing to the other form types, i.e. ST and IT, in the current literature (as showed in 

Table 2.1-1). This is probably because most of the related researchers do not recognise 

the influence of BTs on travel activity as summarised earlier about the role of BTs playing 

within the research background. Alexander et al (1977), Kitahara (2003) and Gehl (2011) 

believe that high-rise buildings have negative influence on social activity, however these 

discussions appear to merely be the authors’ opinions as they are not supported by any 

statistical evidence. Although Gehl (2011) finds that “low open single family housing 

areas [are] made possible by the increased use of automobiles (p.46)”, the critical impact 

on mode choice from buildings seems more related to ITs that particular buildings have 

(e.g. open front gardens or garages) rather than the direct effect from the building 

function. Following this, because of the limited knowledge of the influence of BT on travel 

activity from both literature review and this thesis, this thesis could merely suggest that 

BT was not the key factor of influencing travel activity. 

Some results revealed earlier in Table 11.1-1 seemed insignificant, they were 

nevertheless consistent with some discourse about errand trips and duration of travel 

activity. For example, there were no significant relationships among all the urban form 

types and mode choice for work trips, whilst street types and interface types showed 

significant relationships with mode choice for errand trips. This finding demonstrated 

that errand trips are more sensitive to the changes of built environment than work trips 

are since work trip is a derived-demand trip where the aesthetic appeal of the 

environment is less important than travel time and travel cost during traveling (Boarnet 
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& Crane, 2001a; Gehl, 2011; Handy et al, 2002; Krizek, 2003a). What is more, on the whole 

the performance of duration of travel activity (including walking and use of front space) 

was better than frequency of travel activity as there were no significant relationships 

between any form elements and frequency. The findings also corresponded to Gehl’s 

(2011) claim that minutes spent on outdoor activity (i.e. duration) is sometimes more 

crucial than frequency.  

Overall, the methodologies developed in this thesis (combining x-y matrix, hierarchical 

clustering and K-Means) provide a systematic and operable way of classifying urban form 

types based on their categorical characteristics. However, the number of clusters were 

critical when the identified clusters were further analysed with travel activity data, 

because the results of relationships between form types and travel activity patterns were 

directly related to the numbers of form clusters and their sample size.  Highly related to 

this, regarding the analyses of travel activity, this thesis could not explain more 

relationships between some specific building types (e.g. single family) and their travel 

activity pattern, nor the relationships between use of interfaces and their travel activity 

patterns. This thesis used Chi-square tests and discriminant analysis merely to show the 

general relationships between urban form elements (buildings, streets and interfaces) 

and their related travel activity.  

 

11.3. Taiwanese urban issue and related policy suggestion  

Following all the findings and discussions, to deal with the issue of decreasing private 

vehicle use or encouraging walking behaviour, on-street parking controls and walking 

space provision are undoubtedly the two critical factors in the current planning situation, 

and they must be undertaken at the same time in the right urban contexts. For example, 

in Speck’s (2012) words, even a city which has great conditions for walking behaviour, 

ample and cheap parking still encourages driving. Similarly, Auchincloss et al (2015) 

reveal that designated parking spaces in residences are likely to encourage residents to 

use cars to travel to work even when transit was fairly convenient. Besides this, some 

Taiwanese research also finds that priced parking can restrain private vehicle use, 

especially for moped commuters (Jou et al, 2010; Huang, 2004; Huang et al, 2019). On 
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the other hand, parking spaces could sometimes benefit pedestrians and shops by 

providing barriers separating pedestrians and moving vehicles and by increasing shopper 

turnover when they are connected to pavements and charge a reasonable price (Shoup, 

1997; Speck, 2012; 2013; Huang, 2004). Having said that, the observation areas are in 

residential zoning, the parking spaces users are basically the residents, so the benefit 

from parking spaces will probably not work in the study area.  

Therefore, it is necessary to control the supply of parking spaces or charge for parking in 

the residential area, whilst commercial areas could provide market-based priced parking 

spaces alongside the pavements. Comparably, the current policies promoted by Taipei 

city government are focused on both increasing charged on-street parking spaces and 

also strictly enforcing the ban on illegal on-street parking to efficiently reduce and repress 

the incidence of illegal parking.    

Back to the parking problem in the study area, illegal parking directly in front of residents’ 

dwellings is the worst from both sustainable transport and social society aspects. From 

the sustainable aspect, it encourages driving due to parking convenience and the fact that 

it is free. Although some lanes forbid parking, it is no different to free parking if the 

restriction is not enforced. This is also found by Huang (2004) who states that parking 

restrictions or fines did not affect private vehicle use probably due to the relaxed 

enforcement. From the lively neighbourhood aspect, when residents park their vehicles 

closer to their dwellings, there is less opportunity to interact with their neighbours by 

shortening the time from foot to drive or vice versa (Gehl, 2011). However, from this 

point of view, parking in the front space (especially in garages) might be worse than on-

street parking. For example, residents living in B2L, B3L and B7-L, usually drive coming 

and going via the front space with shutter walls, which means that they are unable to 

contact or be contacted by neighbours.  

Nevertheless, this research also found that some residents living in B2L and B3L, where 

their front space is spacious enough to park a car, designed their front space with car 

inaccessible wall types or even illegally converted their front space into semi or totally 

indoor rooms, and then parked their cars in front of their dwellings illegally, which is 

unfair to pedestrians’ road right. This illegal parking issue in residential areas associated 

with relaxed enforcement is regarded as a widespread phenomenon in Taiwan (Public 

Management Consultation of Shih-Hsin University, 2005).  



450 

In fact, the current transport or architecture regulations in Taipei city have clear rules 

about the content of parking spaces, pavements and setback within property lines with a 

view to providing a pedestrian-friendly environment to encourage people to walk. 

However, the research found that from fieldwork, there is a big gap between the law or 

the policy and the real enforcement of illegal parking and illegal reconstruction in front 

spaces. Therefore, enforcing the existing regulations on illegal parking and illegal 

reconstruction is arguably the first step in dealing with the urban issues in this study area. 

Therefore, this research suggests that residents who own private vehicles must be forced 

to park their cars in parking spaces or their front space instead of taking over road space 

and pedestrians’ walking space. Actually, this suggestion corresponds to the current 

policy promoted by Taipei city government that the requirement of the possession of 

parking space needs to meet before buying private vehicles in the future (Public 

Management Consultation of Shih-Hsin University, 2005; Huang, 2004).  

In addition to the enforcement both of sanctions related to illegal parking and illegal 

reconstruction of dwellings, and increasing the current price of on-street parking, the 

government could also deal with the issue by providing guidelines on interface design. To 

elucidate this, at the individual residence level, the semi-openness of a residence’s front 

space should be encouraged to be maintained by altering the high shutter walls into the 

softer edge types, such as dwarf walls with railings or a fence, or hedges, which is also 

strongly suggested by Gehl (2013: p.8) that building regulations were tightened to ensure 

that front yards could not be isolated behind walls or fences. Or, residents could be 

encouraged to provide favourable ITs recognised by this thesis in their housing design, 

such as arcades (B1) or large landscaped front setback (C2L), so that the residents can 

both put their vehicles into their own place instead of on the street, and also provide a 

pleasant pedestrian environment. Consequently, the pedestrian-friendly environment 

can be created by the government and residents together.  

Moreover, at the neighbourhood level, the government can provide better 

neighbourhood design by manipulating the varied combinations of identified ITs and STs 

according to the understanding on the travel activity characteristics related to both ITs 

and STs. For example, B2L, B4L, B6-1L, B6-2S, B7-1, B7-1L, B7-2L and F1L were almost 

always found to be located in service roads (refer to Table 8.1-3), where most of these 

roads were less than 7 metres, and these ITs were usually used for pure residences 



451 

(except for B4L). Related to that, the service roads where these ITs were located, are 

suggested by this thesis to provide painted pavements instead of kerbed pavements and 

on-street parking spaces. This is not only because ST8-service road with painted 

pavement was related to more sustainable mode shares compared to other STs, but also 

because of the other two factors related to road width and building use. To illustrate this, 

the service roads less than 7 metres are not spacious enough to construct kerbed 

pavements and on-street parking in concurrently, and on-street parking spaces benefit 

high streets more than residential areas in terms of turnover rate. By contrast, from Table 

8.1-3, relatively big majorities of B1, D1, E2, E3L and E4L were located in secondary roads 

or major roads compared to the other ITs, and these ITs were commonly used for shops. 

Related to that, kerbed pavements combined with on-street parking spaces (charged at 

a market-based price) are suggested to be provided along the secondary roads adjacent 

to B1, D1, E2, E3L and E4L as ST12-secondary road with kerbed pavements and on-street 

parking spaces was identified as the most sustainable ST out of all secondary roads.  

Having said that, from the existing authority system or mechanism of planning, there is 

no government department or institution in charge of the overall design or the setting of 

guidelines on interfaces. As the issue described in the related literature mentioned before, 

the rules or regulations related to the design in interfaces are subsumed under either 

urban road design in the transport department or building related regulations. To 

elucidate this, in the Handbook of Urban Roads and Pavements Design, s.4.7. 

(Construction and Planning Agency, MOI, 2003), there are comprehensive design 

guidelines of pavements, such as the measurements (e.g. width, elevation and slope), the 

materials of surface, the planting, street furniture and parking spaces of pavements. 

However, the handbook does not provide a set of guidelines on how the pavements can 

appropriately connect to different building façades or frontage types; for example, what 

the suitable design is when a pavement adjoins arcades or when it adjoins front yards 

with or without high walls. Because those guidelines are completely confined to road 

design, they do not take building related design into account.  

Similarly, in the building regulations which refer to interface design, they mainly focus on 

controlling the width of a setback within the property line, or on the scale of arcades, rain 

shelters and walls. To illustrate this, the guidelines of arcades and walls merely regulate 

the height and width of arcades (for details, refer to B-4 Arcade) and the height and light-

permeability of walls; for example, the solid parts of walls should not exceed 2 metres’ 
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high, whilst the parts of walls above 2 metres’ high should have over 70% light-

permeability rate (Principles of Wall Setting in Building Site in Taipei City, 2012). For rain 

shelters, the ones attached to ground floors should not be over 0.9 metres, whilst the 

ones attached to the first floor and above should not be over 0.6 metres (Disposal 

Directions for Squatters in Taipei, 2011). According to that, current Taiwanese interface 

type related guidelines do not provide design suggestions on the architectural details, 

style, material, colour etc. of these specific interface elements.  

 

11.4. General recommendation for further research 

11.4.1.  Improvements or alternatives to current methods  

• Urban pattern 

This thesis did not discuss much spatial clustering characteristics of urban form elements. 

The main reason of that is the patterns (rhythm) of form types distribution cannot be 

distinguished by sight alone. To illustrate this, there are more than thirty current ITs 

(before combining with other ITs) recognised in the study area, and it is logically possible 

to have hundreds of combinations of ITs. In fact, there are more than a hundred 

combinations observed and recorded by this research. This is related to the fact that 

Taiwanese regulations of urban design are not restrictive, so it provides a higher 

possibility to have extremely varied ITs.  

Although the thesis classified and refined the current existing ITs into 24 representative 

types, it is still difficult to find the patterns of these types without analysis by computer 

programs. Moreover, it would be even more difficult to find the spatial characteristics if 

combining these ITs with STs. This mapping difficulty is also pointed out by Dovey & Wood 

(2015) and Kamalipour (2016) that it is hard to find the balance between presenting the 

actual complexity of interface categories and producing readable and manageable 

mapping of such categories. However, they chose to control the number of categories 

within eight types to have manageable mapping results, whilst this thesis valued the 

actual and complete types of urban forms in Taiwan more, which have not have been 

comprehensively presented hitherto. Therefore, spatial autocorrelation analyses (e.g. 
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SOM employed by Abrantes et al, 2019; GAM used by Lin, 2005) could be applied to solve 

the mapping difficulty and find a robust result on the patterns of urban form types and 

their spatial characteristics in future research. 

• Travel data 

However, the indicators of travel data adopted in this thesis cannot successfully reflect 

the issue mentioned earlier: the spatial characteristics of urban form and that of travel 

patterns need to match each other because these indicators do not include the path of 

respondents’ movement when they are travelling or doing outdoor activities. Therefore, 

in addition to the indicators used by diary surveys, the research originally intended to use 

the time geography method (e.g. see Miller & Bridwell, 2009), or People-Space-Time 

model (e.g. see Shen et al, 2017) to track and to elaborately record entire travel data, 

including the path choice during every trip, and expects this spatial data can be discussed 

alongside urban form. Hence, these time-path related methods could be a worthwhile 

avenue to explore to obtain more specific and detailed information about the 

characteristics of the individual traveller, every location of origin and destination, trip 

purpose, mode choice, and even the path chosen by an individual traveller for any kind 

of outdoor activity. 

Nevertheless, when this thesis tried to conduct a time-path survey, some accompanying 

difficulties occurred. For example, most respondents were not good at telling directions 

on a map when they were asked to mark their path on the given map. Therefore, to solve 

the difficulty from the time-path diary, a GPS tracking device (e.g. see Mavoa et al, 2011) 

or WiFi tracking technique from mobile phones (e.g. see Petre et al, 2017) might be an 

ideal resolution. Those tracking methods can record the objects' travel routes, so that 

this research can use that to map and analyse with interface types. Having said that, 

tracking methods might include an object's privacy, involve technical problems, and 

increase research costs which compound the research challenge.  

• Areas for future research 

Travel activity adopted in this thesis broadly covers the partial area of travel behaviour 

(mode choice) and partial area of outdoor activity (walking and domestic activity within 

front door spaces), so that this thesis both provided an overall and general knowledge of 
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Taipei citizens’ travel and activity habits, and also revealed the relationships between 

urban form types (especially interface types) and travel activities (mode choice and 

walking behaviour). However, on the other hand, this thesis cannot address travel 

behaviour or outdoor activity (or public life) in detail as the main objective was to provide 

a general overview of travel activity patterns in Taipei. To illustrate this, residents living 

in some specific interface types or street types were reported to use sustainable modes 

or walk more often (or longer), but this thesis did not further investigate the reason why 

they chose walking, taking public transport or driving when they went out. For example, 

in Section 9.1, this thesis found that some respondents used private vehicles as transition 

modes to the public transport stations from their dwellings. But this thesis did not find out 

why they went to the stations by private vehicle. Therefore, personal interviews can be 

conducted to find out more about why people behave as they do for future researchers. 

These interviews could gather more detailed data on human behaviour which could be 

used to link theories of human behaviour to travel activities.  

Apart from that, this thesis did not discuss how exactly the changing nature of the 

environment (especially interface design) affects people’s travel or activity behaviour. For 

example, when people decide to go out on foot, or go out for an outdoor activity (strolling, 

jogging, walking dogs, chatting with neighbours, etc.), what routes or what place they 

would prefer to walk through or stay within. In addition to conducting interviews, setting 

up scenario questions (varied combinations of BTs, ITs and STs) based on the results of 

activity-form relationships discovered by this thesis may help to figure out people’s 

preference on route or place choice. For example, B1 and ST6 were both found attractive 

for pedestrian activity and usually accompanied commercial activities, so this 

combination may be categorised as a shopping-friendly scenario; and the domestic 

interfaces with high walls (e.g. B2L, B6-2L, B6-2S etc.) combined with service roads, which 

have official or illegal parking spaces but without pavements (e.g. ST2 and ST5), can be 

categorised as a pedestrian-unfriendly scenario.          

 

For the final conclusion, this thesis indeed both proposed an operable classification 

system to classify and present the current urban form types in Taipei, and also showed 

that residents’ travel activity characteristics were related to the urban form types which 

they lived within. Moreover, this thesis not only provided a holistic discussion on 
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interface (including the definition, importance, categories and typological features) to 

supplement the little understanding on it from the literature, but also found that there 

was a significant relationship between interface types and travel activity; that is, this 

thesis can state the importance and influence of interface on travel activity. To 

correspond to the introduction, this thesis did find that parking locations (as one type of 

interfaces) were related to mode choice, as Figure 1.1-2 exemplified. In addition, this 

thesis revealed that there was a positive relationship between walking behaviour and the 

time spent in the front space, although the correlation between the use of front space 

and travel activity was not significantly proved. In this sense, this thesis shed new light on 

the relationship between travel activity and use of front space, which has not been 

proven yet in Taiwanese related studies and can be regarded as a contribution to the 

travel-outdoor activity related research areas, as Figure 1.1-3 and Figure 1.1-4 illustrated. 

Finally, this thesis concludes that the determine factors of being a sustainable or liveable 

environment are the quality of walking spaces, the quantity of parking spaces, and the 

ability to host outdoor activity within interfaces. 
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 Cervero, 1996b;  Stead, 2001 Cervero& Duncan, 2006 Cervero, 1996b 
Cervero& 

Duncan, 2006 

Cervero& 

Duncan, 

2006 

  Cervero, 1996    Cervero, 1996 
Cervero& 

Duncan, 2006 

h
o

u
se

h
o

ld
 

Number of people per 

householdhousehold 

size 

Cervero, 1996b; Cervero & 

Radisch, 1996; Hess, 2008; 

Lin & Chang, 2010; 

McCormack,  et al, 2001; 

Rutherford,  et al, 1996;   

Stead, 2001; Lin & Chang, 

2008 

 Cervero, 1996bRutherford  et al, 1996  

Stead, 2001 

McCormack,  et al, 2001Lin & Chang,2008; 

2010; Cervero, 1996bHess, 2008; 

Rutherford  et al, 1996 

McCormack,  et al, 

2001Rutherford  et al, 

1996   Cervero, 1996 

McCormack,  et 

al, 

2001   Cervero, 

1996 

Composition 

Cervero, 1996b; Hess, 

2008; Krizek, 2003c;   

Stead, 2001;Lin & Chang, 

2008 

 Cervero, 1996b;   Stead, 2001  Cervero, 1996b; Lin & Chang, 2008 Krizek, 2003c    Cervero, 1996   Cervero, 1996  
Krizek, 

2003c 

Socio-economic / 

employment status 

Cervero, 1996b; Krizek, 

2003c; McCormack,  et al, 

2001;   Stead, 2001 

 Cervero, 1996b;   Stead, 2001 Cervero, 1996b McCormack,  et al, 2001 Krizek, 2003c 
McCormack,  et al, 

2001   Cervero, 1996 

McCormack,  et 

al, 

2001   Cervero, 

1996 

Krizek, 

2003c 

Structure 

Cervero, 1996b; 

Rutherford,  et al, 1996;  

Stead, 2001 

 Cervero, 1996bRutherford  et al, 1996  

Stead, 2001 
 Cervero, 1996bRutherford  et al, 1996 

Rutherford  et al, 

1996    Cervero, 1996 
  Cervero, 1996  

Vehicle Car ownership 

Kerr etal., 2007; 

Johansson, 2006; Cervero, 

1996; Cervero& Duncan, 

2006Cervero& Gorham, 

1995; Cervero & Radisch, 

1996; Dieleman,  et al, 

2002; Hess, 2008; 

Holtzclaw, 1994; Lin & 

Chang, 2010; Lin & Yu, 

2011; McCormack,  et al, 

2001;   Stead, 2001; Lin & 

Chang, 2008 

Holtzclaw, 1994   Cervero, 1996Dieleman,  

et al, 2002 Lin & Yu, 2011  Stead, 2001 

   Cervero, 1996Dieleman,  et al, 2002; Lin 

& Chang, 2010; Lin & Yu, 2011; 

McCormack,  et al, 2001 Cervero& 

Duncan, 2006  Cervero & Gorham, 1995; 

Hess, 2008; Lin & Chang, 2008 

Cervero& 

Duncan, 2006; 

Holtzclaw, 

1994  Cervero 

& Gorham, 

1995 

Cervero& 

Duncan, 

2006 

Dieleman,  et al, 2002; 

McCormack,  et al, 

2001 Lin & Yu, 

2011   Cervero, 1996; 

Holtzclaw, 1994 

McCormack,  et 

al, 

2001   Cervero, 

1996 

Lin & Yu, 

2011  

Cervero & 

Gorham, 

1995 

Cervero& 

Duncan, 

2006Holtzclaw, 

1994 

Driving licence 

ownership 

Cervero, 1996b;   Stead, 

2001 
 Cervero, 1996b;   Stead, 2001  Cervero, 1996b   Cervero, 1996   Cervero, 1996  



Travel Variables 

Outdoor 

activity 
Distance/length frequency Mode choice or probability 

Vehicle Miles 

Travelled VMT 

Vehicle 

Hours 

Travelled 

VHT 

Purpose Travel Time 
Trip 

generation 

Person 

Miles 

Travlled 

Energy 

Consumption 

Annual income 

Cervero, 1996b; Cervero & 

Radisch, 1996; Friedman,  

et al, 1994; Hess, 2008; 

Krizek, 2003c; Lin & Chang, 

2010; Lin &Yu, 2011; 

McCormack,  et al, 2001; 

Moudon,  et al, 2002; 

Rutherford,  et al, 1996;Lin 

& Chang, 2008 

Lin & Yu, 2011Cervero, 1996bMoudon  et 

al, 2002; Rutherford  et al, 1996 
Friedman,  et al, 1994 

Cervero, 1996b Friedman,  et al, 1994; 

McCormack,  et al, 2001Hess, 2008; Lin & 

Chang, 2010; Lin & Yu, 2011; Rutherford  

et al, 1996; Lin & Chang, 2008 

 Krizek, 2003c 

Friedman,  et al, 1994 Lin 

& Yu, 2011; Moudon  et al, 

2002; Rutherford  et al, 

1996   Cervero, 1996 

McCormack,  et 

al, 

2001   Cervero, 

1996 

Lin & Yu, 

2011 

Krizek, 

2003c 

Attitude/ 

preference/ 

self-selection 

 Hickman, 2007 

Cao,  et al, 2009;   Ewing,  

et al, 2001; S. Handy, 2005; 

Mokhtarian& Cao, 2008; 

Moudon,  et al, 

2002Litman, 2005 

  Ewing & Cervero, 2001; Moudon, 2002 
Cao,  et al, 2009  Ewing & 

Cervero, 2001  
Cao,  et al, 2009 

S. Handy, 2005  

Ewing & 

Cervero, 2001  

  Ewing & 

Cervero, 

2001  

Cao,  et al, 2009;  Moudon, 

2002 
Hickman, 2007 



Appendix 4-1 The types and indicators on interface space from the literature 

Streets Vs. Buildings 
Buildings Vs. Buildings Streets Vs. Streets 

Interface element Street Building 

A: Alexander et al (1977); Ap: Appleyard (1980); B: Bobić (2004); Br: Brown et al (1998); C: Cambridge Systematic & Deakin (1994); D: Duany & Plater-Zyberk (1981; 1989); E: 

Ewing (1999); F: Ford (2001); H, H*: Hess (1997), Hess (2008); Ha: Handy (1996); L: Lin & Yu (2011) ; P: Parolek et al (2008); S:Steadman et al (2000b); T: Turner et al (2006) 

Private walkway H, H* 
Private walkway T 

Private walkway H 
Mews B 

Alley F, H* B Alley B, H* 

Large street window B Under pass Chen (2007) 

Murals B, F Cross-Over bridge Chen (2007) 

Alcove B Midblock crosswalk E, T 

Niche A, B Median P, T 

Under the building A, B Refuge island E, T 

Raised platform B 

Distance between 

intersections 

/ Connectivity 

P/ Campoli (2012) 

Wall A, E, F bollard B 

High garden wall 

Dwarf wall 
A, B square B 

Fence F, P Fence H Street market B 

Setback Ap, Br, Gehl (1986) 
 Br, E, Holtzclaw (1994), 

P 

Covered street/ Arcade S/ B Kerb type P 

Circulation bridge S Striped crosswalk Cervero (1994) 

u
sa

ge
 

Garage  A, Br; F, Ha, H* 
Covered enclosed ground-

level circulation link 
S Bus shelter Campoli (2012) 

Roof garage 

Carport (without wall) 
B 

Courtyard 

Side yard 

Patio (atrium) 

Court 

A, B Corner radius E, P 



Streets Vs. Buildings 
Buildings Vs. Buildings Streets Vs. Streets 

Interface element Street Building 

A: Alexander et al (1977); Ap: Appleyard (1980); B: Bobić (2004); Br: Brown et al (1998); C: Cambridge Systematic & Deakin (1994); D: Duany & Plater-Zyberk (1981; 1989); E: 

Ewing (1999); F: Ford (2001); H, H*: Hess (1997), Hess (2008); Ha: Handy (1996); L: Lin & Yu (2011) ; P: Parolek et al (2008); S:Steadman et al (2000b); T: Turner et al (2006) 

Modest yard/  

common yard / front garden 
H* A, E /H*, P / F 

Forecourt D, E, P 

Landscaped area E 

Front porches / porte-cochere / portico 
A, Br / D, P/ Steadman 

et al (1991) / B, F 

Terrace or light court / area A, P/ B 

Stoop B, E 

Pavement 
E, H, Holtzclaw, 1994; 

Jacobs (1961)  

Width (suggested range) C 

Minimum / maximum (m) 

1.5(1.2-2.4) / 4.8 E 

1.5(1.2-2.4) 
3.7,6,9,12 

Desirable 
T 

3.7 6 A 

2.4-2.7 
3.7 

Desirable 
Untermann (1984) * 

* Cited and compared

in Ewing (1999) 

3.7 4.5 Smith et al (1987) * 

4.5 / 9 Whyte (1988) * 

4.5-6 Calthorpe (1993) * 



Streets Vs. Buildings 
Buildings Vs. Buildings Streets Vs. Streets 

Interface element Street Building 

A: Alexander et al (1977); Ap: Appleyard (1980); B: Bobić (2004); Br: Brown et al (1998); C: Cambridge Systematic & Deakin (1994); D: Duany & Plater-Zyberk (1981; 1989); E: 

Ewing (1999); F: Ford (2001); H, H*: Hess (1997), Hess (2008); Ha: Handy (1996); L: Lin & Yu (2011) ; P: Parolek et al (2008); S:Steadman et al (2000b); T: Turner et al (2006) 

3.7 Sucher (1995) 

2 L 

Surface condition 

Material Concrete, Asphalt, 

Paver Stones 
T 

Damage 

intensity 

Light, Medium, 

Heavy 
Chou et al (2004) 

Quality Ha 

Share of road Ha, H; L 

Presence of trees C 

Proportion of frontage with 

sidewalk  
E 

Sidewalk bench Cervero (1994) 

Street tree L; T 

Vegetation / plant Ap,  Br, C, E, 

Shopfront or awning D, B, P, T 

Canopy Br,  B, P, S 

Overhang B 

Gallery/ five-foot ways 
A, Hu & Hsu (2003), P / 

Lai et al (2011) 

Arcade/ colonnade 

A, Br, D, Hu & Hsu 

(2003), Lai et al (2011), 

P, S/ B 

Outdoor Café / sidewalk or Paris café T / B 

Barrier Ap 



Streets Vs. Buildings 
Buildings Vs. Buildings Streets Vs. Streets 

Interface element Street Building 

A: Alexander et al (1977); Ap: Appleyard (1980); B: Bobić (2004); Br: Brown et al (1998); C: Cambridge Systematic & Deakin (1994); D: Duany & Plater-Zyberk (1981; 1989); E: 

Ewing (1999); F: Ford (2001); H, H*: Hess (1997), Hess (2008); Ha: Handy (1996); L: Lin & Yu (2011) ; P: Parolek et al (2008); S:Steadman et al (2000b); T: Turner et al (2006) 

Fence H 

Steep slopes 

Slope gradient 

Gehl (2011), H  

Lin & Chang (2010) 

Parking / parking lots 
Ap, H; Krizek (2003) E; H 

Cervero (1994), Moudon et al (2002), P 

Public lawn B, F 

Amenity Ap 

Continuous line Ha 

Street furniture E, T 

Benches T 

Telephone T 

Newspaper rack E, T 

Mailboxes T 

Bike racks T 

Bin E 

Street lighting C, E, T 

Exhibit/ stall B 

Planters B 



Appendix 6-1 Member of clusters of interface types (an extract from original data as an 

example) 
Case number Original number Cluster Case number Original number Cluster 

1 1002 7 … 

2 1003 7 1369 5206 19 

3 1004 7 1370 5207 4 

4 1005 7 1371 5208 1 

5 1006 7 1372 5209 1 

6 1007 7 1373 5210 2 

7 1008 7 1374 5211 2 

8 1009 7 1375 5212 2 

9 1010 7 1376 5213 2 

10 1011 10 1377 5214 2 

11 1013 11 1378 5215 2 

12 1014 19 1379 5216 2 

13 1015 13 1380 5217 2 

14 1016 10 1381 5218 15 

15 1017 5 1382 5219 15 

16 1018 5 1383 5220 15 

17 1019 17 1384 5221 15 

18 1020 5 1385 5222 15 

19 1021 19 1386 5223 15 

20 1022 20 1387 5224 15 

21 1023 16 1388 5225 15 

22 1024 22 1389 5226 15 

23 1025 20 1390 5227 1 

24 1026 24 1391 5228 7 

25 1027 24 1392 5229 21 

26 1028 19 1393 5230 17 

27 1029 2 1394 5231 2 

28 1030 22 1395 5232 17 

29 1031 2 1396 5234 5 

30 1032 11 1397 5235 5 

31 1033 11 1398 5236 5 

32 1034 16 1399 5237 5 

33 1035 11 1400 5238 5 

34 1036 5 1401 5239 5 

35 1037 8 1402 5240 11 

36 1038 2 1403 5241 18 

37 1039 8 1404 5242 5 

38 1040 9 1405 5243 16 

39 1041 14 1406 5244 11 

40 1042 16 1407 5245 10 

41 1043 11 1408 5246 4 

42 1044 9 1409 5248 1 

43 1045 19 1410 5249 1 

44 1046 16 1411 5250 19 

45 1047 17 1412 5251 23 

46 1048 11 1413 5253 23 

47 1049 18 1414 5254 1 

48 1050 17 1415 5255 24 

49 1051 10 1416 5256 10 

50 1052 17 1417 0 5 



Appendix 6-2 ANOVA table of 31 interface elements (variables) 

Input: interface elements 
Cluster Error F P-value 

Mean Square df Mean Square df 

Parking space .010 21 .003 1395 3.587 .000 

Garage .089 21 .012 1395 7.354 .000 

Setback 2.443 21 .043 1395 56.627 .000 

Arcade 2.992 21 .013 1395 232.526 .000 

Awning 10.375 21 .077 1395 134.709 .000 

Canopy 5.404 21 .030 1395 182.052 .000 

Overhang 6.113 21 .012 1395 489.737 .000 

Balcony 9.780 21 .016 1395 595.620 .000 

Portico .753 21 .001 1395 1057.761 .000 

Wall 5.621 21 .010 1395 540.402 .000 

Underbuilding .032 21 .005 1395 6.998 .000 

Ramp 4.278 21 .048 1395 89.695 .000 

Alcove 3.910 21 .028 1395 142.036 .000 

Shutter 4.955 21 .014 1395 350.717 .000 

Sliding door 1.433 21 .031 1395 46.811 .000 

Signboard 2.522 21 .006 1395 387.961 .000 

Shop window 3.274 21 .064 1395 50.833 .000 

Automatic door 1.599 21 .026 1395 62.570 .000 

Stairs .254 21 .012 1395 20.483 .000 

Deck .415 21 .015 1395 28.054 .000 

Door .024 21 .005 1395 4.536 .000 

Gallery .004 21 .001 1395 2.738 .000 

Porch .021 21 .005 1395 4.481 .000 

Platform .030 21 .014 1395 2.057 .003 

Bridge .048 21 .000 1395 . . 

Ground link .052 21 .001 1395 38.102 .000 

Private walkway .001 21 .003 1395 .405 .992 

Fence .002 21 .001 1395 1.345 .136 

Outdoor cafe .002 21 .003 1395 .714 .822 

Hedge .002 21 .002 1395 .804 .717 

Pot huis .001 21 .001 1395 .919 .566 



  

Appendix 6-3 Dendrogram plot (input: interface units) showing the agglomerative 

schedules of clustering when the cut-off lines were set at Distance 7.5 and 10 

(continued from left) 

(continued on right) 



Appendix 6-4 Dendrogram plot (input: building data) showing the agglomerative 

schedule of clustering and the cut-off line 

(continued on right) 

(continued from left) 



  

Appendix 6-5 The comparison of ANOVA tables between 9 clusters and 6 clusters of 
building type  

  

9 clusters 6 clusters 

Error Mean 
Square 

F p-value 
Error Mean 

Square 
F p-value 

Flat 0.001 25821.614 0 0.136 124.918 0 

Condominium 0.026 824.827 0 0.116 77.461 0 

Single family 0.031 116.772 0 0.049 8.933 0 

M.D.V. 0.001 3.322 0.001 0.001 4.418 0.001 

Temporary 0.012 20.888 0 0.006 389.135 0 

Traditional 0 . . 0.006 2.409 0.035 

Detached 0.1 146.628 0 0.043 912.695 0 

Semidetached 0.1 261.163 0 0.043 1336.795 0 

Row 0 . . 0 . . 

Collective 0 . . 0 . . 

 
  



Appendix 6-6 Dendrogram plot (input: street data) showing the agglomerative 
schedule of clustering and the cut-off line 

(continued on right) 

(continued from left) 



  

Appendix 6-7 The comparison of ANOVA tables between 9 clusters and 6 clusters of 

street type 

  9 clusters 6 clusters 

  
Error Mean 

Square 
F p-value 

Error Mean 
Square 

F p-value 

Major 0.016 81.018 0 0 . . 

Secondary 0.12 19.163 0 0 . . 

Service 0.12 29.523 0 0.004 2644.18 0 

Pedestrian 0 . . 0.004 5.05 0 

Cul-de-sac 0.015 18.296 0 0.01 68.174 0 

Fire lane 0 . . 0.004 5.05 0 

Bollard 0.004 74.75 0 0.01 10.317 0 

Pavement 0 . . 0.016 85.487 0 

Kerb 0.012 48.337 0 0.023 18.893 0 

Crosswalk 0.111 5.962 0 0.115 7.044 0 

Median 0.015 41.167 0 0.018 47.504 0 

Cycle lane 0 . . 0 . . 

Parking space 0.105 33.47 0 0.207 3.478 0.005 

 

  



Appendix 9-1 The pie charts of the answers to the statements related to walking 

preference 

 

 
  



  

Appendix 10-1 Mode for work, which removed the category “Work at home” 

Groups of respondents’ usual mode for work and their related characteristics of front space use 

 

Tests of ‘Equality of Group Means’ 

 Wilks' Lambda F p-value 

Frequency of Front Space Use  0.992 0.910 0.404 

Duration of Front Space Use  0.998 0.234 0.792 

 

 

Groups of respondents’ 

usual mode for work 

Variables of front space use   

Frequency Duration Valid N 

Mean (times) Std. Deviation Mean (minutes) Std. Deviation 

2  Private vehicle driver or 

passenger 

4.8 9.520 29.4 82.784 81 

3  Transit 4.6 8.302 23.1 52.081 114 

4  Walk or bike 7.1 13.895 28.6 68.511 34 

Total 5.1 9.729 26.1 66.614 229 
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