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NETWORK CONFIGURATION AS TOOL FOR IMPROVING 

PEDESTRIAN ACCESSIBILITY 

Implementing a street design methodology in an Athenian neighbourhood 
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ABSTRACT 

Spatial morphology, road network hierarchy and street design along with streetscape design features 

affect crucially the pedestrian accessibility of the city. Pedestrian accessibility is considered one of the 

most essential elements of contemporary cities, functioning as an index of social equity and quality of 

urban life. In these terms, all the residents, regardless the level of their mobility should experience an 

adequate level of walking infrastructures services. An accessible city undoubtedly provides or/and 

enhances the potentials of communicating and interacting in the urban public space.  

The present paper investigates the pedestrian accessibility via the analysis of the street network 

configuration and design. Specifically in this study, configurational, functional (road network 

hierarchy) and design factors are combined in order to investigate the range of pedestrian movement. 

The comparison of the pedestrian with the vehicle network highlights the priorities of designing and 

managing street’s public space. The proposed approach aims to function as a decision support tool for 

analysing and improving sustainable urban mobility, using the above mentioned factors.  

The research consists of three methodological steps. The first step is to record the characteristics of 

morphology and structure of the road network, both vehicular and pedestrian, with the aim of 

identifying crucial spatial issues (street pattern, space syntax, pavement and roadway width, urban 

equipment, etc.). These elements are then combined in the second step, in order to evaluate the level 

of walking accessibility, while the last part of the methodological approach attempts to outline the 

road segments that require immediate change to improve walking conditions. 

As study area is defined a part of Patisia neighbourhood, which belongs to the Municipality of Athens 

in Greece. It has a diverse social composition, while at the same time its location in the wider area of 

the municipality and the adequate connection with its main centre through public transportation 

favours the promotion of walking, along with limiting the car use. 

The research is based on primary data concerning all those elements of public space that are 

considered necessary to answer the main research question. These data resulted from on-site 

recordings and observations, while their processing took place in a GIS environment.  

The present research not only leads to some specific results on the subject of walkability but also to 

the forming of a “road map” towards the understanding and planning on such issues. In this research, 

tools used generally for the analysis of the street network are applied specifically in the study of the 

pedestrian network, focusing on pedestrian accessibility. A vital component of the research toolbox is 

the space syntax analysis that can contribute significantly in the understanding of the walkability 

issue. Street centrality, network design and the hierarchy of each network segment are combined in 

such manner so that illustration of the walking accessibility level becomes possible. To conclude, in 

this compact methodology framework, analysis and planning are treated as a unified process and not 

as two separate parts of the procedure, narrowing the gap between the existing situation and a 

sustainable, inclusive road network. 
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1. INTRODUCTION  

Spatial morphology, road network hierarchy and street design along with streetscape design features 

affect crucially the pedestrian accessibility of the city. Pedestrian accessibility is considered one of the 

most essential elements of contemporary cities, functioning as an index of social equity and quality of 

urban life. All residents, regardless the level of their mobility, should experience an adequate level of 

walking infrastructures services. An accessible city undoubtedly provides or/and enhances the 

potentials of communicating and interacting in the urban public space. 

The present paper investigates the pedestrian accessibility via the analysis of street network 

configuration and design. Specifically, in this study, morphological, functional (hierarchy) and design 

factors are combined in order to configure the range of pedestrian movement. The comparison of the 

pedestrian with the vehicle network highlights the priorities of designing and managing street’s public 

space. The role of street network should not be limited to facilitating car-movement, but also to 

provide adequate public space to all its users. The aforementioned factors do not only examine the 

existing situation, but also form a compact planning strategy. The proposed approach aims to function 

as decision support tool for analysing and designing sustainable urban mobility.  

Regarding the structure, the paper consists of five sections, which are then sub-divided into individual 

entities. The second section contains all the theoretical background of the research. In the third 

section, we describe the dataset used in the research analysis and the methodological steps followed. 

The next section contains the various characteristics of the study area, the accessibility investigation 

and the proposed planning strategy. In the last section, we present the conclusions of the research as 

well as some thoughts beyond the findings.  

2. THEORETICAL BACKGROUND 

City is the spatial setting of society and "the place where all kinds and classes of people are mixed so 

as to produce a common, though constantly changing and ephemeral life" (Harvey, 2012), forcing this 

heterogeneous ensemble to interact (Sennet, 1977). It constitutes a place of exchanges, activities, 

communication and a place of collective and organized life. The essential feature of the city is 

therefore concentration and coexistence (Lefebvre, 2007). Cities, as complex entities, consist of many 

different sub-systems and one of the most notable is the transport system. This particular system is 

crucial due to its strong relation not only to land uses (Vlastos & Milakis, 2006), but also to human 

activity. Daily trips frame human lives in the city and constitute an integral part of it. An average daily 

routine consists of a multitude of different activities and in order to be carried out, movement is a 

necessity in contemporary urban environments (Vlastos, 2007).  

The term that sums up the above necessity is accessibility, which is defined as the ability of anyone to 

reach some part of the city by any given means (Handy & Niemeier, 1997). The basic infrastructure 

sustaining the minimum level of accessibility is the public space of the city, consisting mainly of the 

road network. Thus, this network offers, or rather has to offer, the possibility of direct access and 

movement throughout the city. The present research chooses to focus on walking, since it is the most 

"simple", almost primitive form of daily commuting that is independent and free (Vlastos & Milakis, 

2006). 

Walkability as a crucial aspect of accessibility has been investigated in different ways by many 

scholars (Forsyth & Southworth, 2008; Axelson et al., 1999). There are many factors affecting 

walkability, including both spatial configuration and built environment. Morphological attributes of 

space such as land-use density and diversity, population density (Frank, et al., 2005), availability of 

green spaces (Marmot, et al., 2010) and also accessibility to retail, transit and recreational activities 

(Giles-Corti, et al., 2005) are considered important walkability factors. 

Literature identifies the levels of pedestrian movement as one of the most influential factors regarding 

walking patterns (Marmot, et al., 2010; Geddes & Vaughan, 2014) and, as numerous studies has 

shown, space syntax analysis is able to predict pedestrian movement independent of retail and transit 
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attractors (e.g. Hillier, 1993; Penn, et al., 1998). It is striking that in a study about the effect of access 

to parks on walking (Koohsari, et al., 2013) was found that street configuration is a stronger factor 

than proximity to a park. Rooted in graph theory and the idea of urban morphology, space syntax 

theory describes and measures quantitatively the configurational properties of urban space and its 

potential to attract diverse human activity (Hillier & Hanson, 1984; Hillier, et al., 1993; Hillier, 1999). 

Space syntax in its essence is a theory of the city as a spatial system, a form-function theoretical 

model of human activity for analysing urban space and foreseeing functional outcomes. To achieve 

that, space syntax proposes that spatially speaking buildings and cities are configurations, which are 

defined not simply as connections, but as ‘relations that take into account other relations’ (Hillier, 

2007, p. 1, p.23; Hillier, et al., 1987).  

Relevant research focused on the Greek context has revealed similar findings regarding pedestrian 

movement. A thorough research regarding the relation between the morphology of six Greek towns 

and patterns of pedestrian movement, carried out by Peponis et al (1989), concludes that the 

morphological aspect of space act “generatively” facilitating practices of interaction and encounter. 

Furthermore, a more recent paper presenting a PanHellenic questionnaire survey about walkability 

factors (Bartzokas and Photis, 2017), indicates that network connectivity is among the most crucial 

elements affecting walkability.  

Investigating walkability though, cannot be limited in the above-mentioned approach. It is true that 

observing a city through a top-view lacks on providing information related to human scale. Thus, 

adding more “dimensions” and perspectives to this 2D approach can lead to a more inclusive research. 

This is of great importance, considering the social aspect of all urban issues, even more when it comes 

to examining public space. Consequently, the human scale constitutes the backbone of investigating 

walkability (Gehl, 2011). A list of public space elements, including both physical characteristics of 

space and urban equipment (Cervero and Kockelman, 1997), can provide a wider and more accurate 

representation and understanding of the level of walkability in a place.   

3. DATASETS AND METHODOLOGY 

The research is divided into six distinct steps, which are diagrammatically presented as follows: 

 

Figure 1: Methodological steps 

In the first step, the selection of the study area takes place. Since on site investigations are of great 

importance for this research, using a specific area as a case study is necessary. Based on the research 

objective, the choice criteria are defined and presented at this step. 

The second step is to investigate walking accessibility in the study area. The assessment of walkability 

is divided into two parts. The first part consists of network analysis, where urban morphology (space 

syntax analysis), network design and the functional hierarchy of each network segment are being 

analysed. The second part concerns sidewalk evaluation. This evaluation is based on a set of sidewalk 

elements considered as crucial for walking accessibility, keeping in mind the needs of each social 

group. Those elements include free width, status, existence or not of tactile paving and curb ramps. 

The evaluation is done through the criterion of whether it is accessible to each category of users 
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considered as critical or not. This step is particularly important because it highlights significant 

inequalities that exist in space. 

The third step constitutes the development of planning strategy. It includes two parts in linear order. 

The first part consists of the investigation towards the potential of each of the pedestrian network’s 

segments to be accessible to each user category. For this purpose, the width of each segment of the 

network and the total width of the “space between the buildings” at that place are being combined so 

that they can be compared to standards concerning accessibility.  Then follows the second part, where 

space syntax is used in order to classify all the segments. Through this classification, the importance 

and the potential multiplier effects of the transformation of each segment into an accessible one to all 

categories of users. At this point of the research, all of the above information is being combined, 

leading to a proposed planning strategy sustaining pedestrian accessibility. This strategy aims not only 

to address to the specific case study, but also to form a planning methodology towards this kind of 

issues. 

This paper is a quantitative investigation on walkability in a specific area of Athens. A set of relevant 

data is used for this purpose. The demographic and social data derived from the Hellenic Statistical 

Authority (ELSTAT), from the most recent census, done in 2011 and the transportation data from 

Athens Urban Transport Organisation S.A. Cartographic backgrounds data also come from Hellenic 

Statistical Authority and the geodata.gov platform. The data used in sidewalk evaluation derived from 

on-site investigations. Data processing was done in GIS and Ms Excel. 

4. RESULTS– CASE STUDY PATISIA, ATHENS 

Study area 

The study area should be representative for the investigated issue, and its choice is mainly based on 

the research objective. Taking into account that the main investigation point is pedestrian 

accessibility, the study area chosen is a residential area with neighbourhood land uses and significant 

population density, in order to examine the level of service in the residents’ daily life action range. 

The study area is part of Patisia district and belongs to the fifth municipal sector of the city of Athens 

(map 1).  

It is a fact that the municipality of Athens is an area full of diversity, with plethora of activities taking 

place in different scale from neighbourhood to neighbourhood and has a very interesting social 

structure. Moreover, it is the most important municipality of Attica in terms of geographical position, 

functionality, land use diversity, administrative centres etc., and the municipality with the largest 

population (approximately 664.000 residents), making it an extremely dense area. All the above 

characteristics form a profitable framework for the chosen study area. However, a more detailed 

understanding is essential.  

The study area includes 82 blocks, in which 18.399 residents live (Hellenic Statistical Authority, 

2011). Many of them have one or no car at all (48,13%, 38,75% respectively), which makes proper 

pedestrian accessibility an urgent need. However, in spite of the low percentage values of car 

property, the residents seem to prefer an individual way of travelling. Specifically, the majority of the 

population (52%) travels by car exceeding the correspondent percentage of the municipality of Athens 

(which is 42%) (OASA S.A., 2012). This situation, in combination with the fact that public transport 

service has a decent quality (Metro rail system and a significant number of bus lines), strengthens the 

initial research assumption that pedestrian accessibility in this specific place has the potential to 

expose crucial planning and spatial management issues.  

Furthermore, it is essential to mention that the social characteristics of the study area represent an 

important diversity. The coexistence between locals and foreigners in a proportion of 3/1 

approximately (Hellenic Statistical Authority, 2011), constitutes on its own a crucial research field 

that arises questions about the pedestrian accessibility of the latter, since in this case there are more 

affecting factors added (e.g. signal language). The required feature, in order to understand the 

significance of walkability, is the age spectrum. A great proportion of the study area’s population 

(30%) belongs in the vulnerable age groups (children under 14 and individuals over 65 years old). It is 

a fact that the first age group focuses on safety and the second on convenience. In addition, it is 

essential to add on the above social groups, a significant percentage of the population, apart from age, 

with mobility disabilities and sight difficulties.   
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Hence, the chosen study area, functions as a proxy for investigating accessibility in a neighbourhood 

of Athens. This geographical focus intends to achieve a detailed description of the crucial accessibility 

elements, so that the research can form an evaluation method of accessibility and discover in advance 

the issues that need handling and transformation. The map below illustrates the study area in three 

different spatial levels. The first level depicts Patisia in the Athens metropolitan area, the second in 

the municipality of Athens and the third level shows the street network of Patisia in detail. 

 

Map 1: Study area of the research 

Accessibility investigation 

Accessibility investigation is composed of three distinct features for broader understanding of the 

situation: morphology, road network hierarchy and design.  

Space Syntax 

The space syntax method has contributed to an explanation of how the spatial integration of street and 

road networks affects movement flows, the location of economic activities, and the amount of street 

life (Hillier et al., 1993; Penn et al., 1998). The focus of this study is the walkable accessibility and 

proximity of each place in the system and because of that, the syntactic measure of local integration 

has been selected. More specifically, angular integration (Normalised Angular Integration) with low 

metric radius (800 metres) is undertaken because is considered to be the most powerful tool for 

measuring accessibility in street networks (Al Sayed, et al., 2014). The 800-metres radius, which is 

equivalent to 10 minutes’ walk, is being selected, as a typical walkable radius that corresponds well 

with walking patterns (Geddes & Vaughan, 2014).  

In the study area, a significant network of adequate local integration scores (medium values) is found, 

highlighting the potential of Patisia to facilitate pedestrian movement. The primary road network and 

the railway are the most locally integrated parts of the research area. Yet, these transportation arterials 

are designed to attract high vehicular movement. This indicates that these areas, although they are 

highly integrated in walkable scale and have the potential to facilitate significant local to-movement, 

in their current state and hierarchy are considered “barriers” for the pedestrians.  
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Road Network Hierarchy  

The functional classification of roadways defines the role each element of the road network plays in 

serving these travel needs (FHWA, 2013). The road network of the study area (17km length) has a 

diverse composition, consisting of different road categories. Precisely, the primary road network 

constitutes the 14% of the whole length, the secondary and the collector roads are the 8% (4% per 

category), the local roads constitute the majority with 76% of the total length, and the pedestrian 

streets are in the last position with only 3%. As it can be seen at the map below, the main road 

network composes two big zones of local traffic, providing the potential for future creation of traffic 

calming areas. The major roads with significant traffic volume are Acharnon in the west, Patision in 

the west and in Kaftatzoglou in the central core of the area. Moreover, the railroad tracks in Ionias 

boulevard constitute a crucial pedestrian barrier that divides the area and should be removed somehow 

in the future. At last, the vast majority of the streets (68%) are oneways (one traffic direction), 

decreasing colliding movements and hence contributing to traffic safety.  

 

Map 2: Road network hierarchy and morphological features 

Street design 

For the street network design or connectivity, we use four indices. The first one is intersection density 

(Frank et al, 2005, Cervero & Raddisch, 2005), the second is t and x ratio (Marshall, 2005), the third 

is number of cul de sacs (Cervero & Kockelman, 1997) and last one is gamma index (Legesse, 2016). 

Intersection density equals to 274,31 int/km2,meaning a notable amount of intersections. T and x ratio 

are quite similar (0,51 and 0,49 respectively), which means study area has a mixture of 

configurational properties, the number of cul de sacs is only five and the gamma index equals to 0,53, 

thus the network is 53% connected (Dill, 2004). To sum up, the study area has moderate to high 

connectivity, which means that the network design in combination with other characteristics can 

contribute significantly to better pedestrian accessibility. 

Sidewalk Evaluation  

At this point, the total assessment of walkability in the area takes place, aiming to extract an overall 

picture for pedestrian movement. The criteria used for this evaluation are divided into three 

categories, in order to demonstrate how the range of the network in which one can move as a 

pedestrian is reduced when correspondingly the person's physical difficulties in walking increases. 
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More specifically, the first category requires the free width of the sidewalk to equal or exceed 0,9m, 

since this value allows the smooth movement of a person on the sidewalk, and the status to be at least 

moderate. Therefore, this category refers to the service able-bodied people. The second one requires 

the free width to be at least 1.5m, minimum value, according to Greek urban planning legislation, for 

the service of any person and uses the same status criterion with the previous category. Finally, the 

third category adds to the above criteria, two more, the existence of tactile paving and the presence of 

two curb ramps per section of the pavement. 

 

Map 3: Sidewalk evaluation 

From the map above, the majority (64%) of the sidewalks meet the first requirements, allowing a 

relatively comfortable movement of an able-bodied person. The percentage satisfying the conditions 

of the second classification appears to be greatly reduced (15% of the pavements), meaning that there 

is a significant absence of the minimum width, which makes walking difficult. Finally, the sections of 

the pavements that are fully accessible to each category of users are limited in number; they are only 

824,5m (3%) in length and are located at the west edge of the study area. It is clear that the study area 

is unable to meet the requirements for equal and fair accessibility for all. The fact that the different 

criterion between category I and II is only the free width of the pavement, but not better pavement 

status highlights the latent design priorities. This situation degrades the walkability of the area, 

sustaining private transportations via car.  

Planning strategy 

Planning strategy consists of two discrete parts on hierarchical relationship with each other. The first 

part contains potentials tracing and finding of transformation needs. It takes mainly into consideration 

the hierarchy of the road network and the sidewalk evaluation. Its goal is to depict which segments 

have to change and in what manner, in order to become accessible to each user category. The 

comparison between supply (existing streetscape features) and demand (width needs), leads to the 

map below illustrating road network transformation. As it is shown, the majority of the roads (36%) 

require one parking row decrease, 31 street segments need driveway decrease, a percentage of 5,7% 

requires two parking rows decrease and a significant number of streets, precisely 27, needs radical 

road change (one-way, traffic calming, pedestrianization). It is a negative fact that only a small 

proportion of roads is today in an adequate situation. At last, is has to be mentioned that the basic road 

network segments were not taken into consideration, due to their complexity that demands a broader 

approach.  
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The second part includes priorities assignation and takes mainly into account the spatial centrality, as 

measured by space syntax theory. The roads that need transformation were divided into three 

categories according to which planning stage they belong. It is obvious (map 4) that roads better 

integrated into the road network first priority, and roads which are “trapped” into the street canvas, 

belong to the third planning stage. Through this methodology, the most integrated segments, which 

can attract greater numbers of pedestrians, are boosted and this can provide multiplying benefits in the 

whole network system. Of course, other approaches can decide the planning priorities in a different 

way. However, the present is one that attaches importance into the urban morphology.  

Map 4: Planning strategy 

5. CONCLUSIONS 

The present research not only leads to some specific results on the subject of walkability, but to the 

forming of a “road map” towards the understanding and planning on such issues. In this research, 

tools used generally for the analysis of the street network are applied specifically in the study of the 

pedestrian network, focusing on pedestrian accessibility. Urban morphology, network design and the 

functional hierarchy of each network segment are combined in such manner in order to illustrate the 

way walking accessibility occurs in the study area. A vital component of the presented framework is 

the space syntax analysis for researching pedestrian accessibility. A significant advantage of the 

chosen approach is that the analysis of the street network is not limited to local area characteristics, 

but investigates the area’s connection with the broader urban environment.  

In this compact methodology framework, analysis and planning are treated as a unified process and 

not as two different parts of the procedure. In other words, the tools used for the analysis of the 

existing situation are fundamental for the forming of planning strategy, instead of using some results 

of the analysis to jump into concluding strategy. The methodological steps followed highlight the 

existence of crucial issues concerning pedestrian accessibility in the area of study. For instance, we 

identified that the extent to which any user of the public space can freely move is very limited. 

Through the above procedure, a compact planning strategy totally adapted to the needs and potentials 

of the area aims not only to suggest a way for ameliorate the pedestrian walking accessibility in the 

specific area, but also to form a comprehensive methodology to be applied in other areas as well. 

The proposed framework functions as a decision support tool that combines the analysis of network 

with a compact design strategy. As it was mentioned before, a crucial advantage of this 

methodological tool is that in its core, could be applied in different research areas, without major 
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changes. Moreover, the methodology presented in this paper is suitable for urban mobility analysis 

focused in pedestrian accessibility and as a planning tool for enhancing sustainable urban mobility in 

general.  

Pedestrian accessibility is a complex issue that cannot be fully analysed by one single research, but we 

aspire to contribute to the academic debate. Further research in this area might include the 

examination of different measures, such as street lighting, sidewalk’s obstacles and the handicap 

accessibility in general. Another take in this subject is the pedestrian presence in the street network, in 

which analytical components such as movement flows (pedestrian and vehicular traffic) and land-use 

distribution could be utilised. The elaboration of research studies and projects about accessibility 

issues in the future can contribute significantly to the making of more sustainable and social cities. 
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