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Abstract: The work is focused on the integration of space syntax analysis (SSA) in a process of par-
ticipatory planning focused on a neighbourhood scale where the challenge of promoting pedestrian-
friendly regeneration process is a bottom-up priority. The promotion of active mobility is one of the 
main themes of the urban regeneration project CAST operating on the western part of the city of 
Potenza (capital of the Basilicata region, Italy). Both the state of the art of the case study area and 
the potential effects of the intervention proposed on the basis of the participatory process have been 
assessed by SSA as a walkability assessment method. By measuring a street network’s syntactic 
parameters, it was possible to further enrich the cognitive framework relating to the current situa-
tion and to simultaneously evaluate the effects (in terms of potential movement and social usage) 
deriving from design interventions. The paper presents a methodology to evaluate the urban pe-
destrian environment and to provide an insight for walking-related intervention and improvements 
in neighbourhood-scale planning, according to a participatory approach. The research, based on 
specific local characteristics, represents a transferable approach to supporting and informing policy-
makers and designers engaged in inclusive and participative urban regeneration projects. 
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1. Introduction 
A “citizen-centred” participatory framework [1] has helped increase citizens’ aware-

ness concerning the environmental externalities generated by traditional urban mobility 
organization (based on private and public vehicles) in recent years, as demonstrated by 
initiatives undertaken at national and international level aimed at reducing the use of pri-
vate cars, increasing the use of public transport and encouraging walking and cycling [2–
4]. In fact, urban active mobility helps make cities and communities environmental 
friendly, healthier and more socially inclusive. The transport sector is responsible for the 
production of 25% of greenhouse gas (GHG) emissions in the European Union. In partic-
ular, urban mobility produces 40% of CO2 emissions in the transport sector [5]. It is clear 
how action is needed in order to encourage a modal shift in favour of transport modes 
that guarantee sustainability from environmental, social and economic points of view, 
such as walking. 

By improving physical activity levels of people living in the urban area, walking 
helps to reduce the number of over-weight and obese people [6] and to prevent diabetes, 
hypertension and heart diseases [7]. Many remarkable examples of national and urban 
policies and strategies that aim to prevent chronic diseases through project interventions 
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encouraging walking demonstrated both the feasibility of technical solutions in urban ar-
eas and the effectiveness of active mobility shift in improving urban quality of life: the 
Walkable London (https://www.walkablelondon.co.uk, accessed 10 March 2021), the New 
Urbanism (http://www.newurbanism.org, accessed 10 March 2021) and the Transporta-
tion for America (http://t4america.org, accessed 10 March 2021). Research studies show 
the close relationship between walkability and health outcomes [8–10]. 

The United Nations (UN) 2030 Agenda for Sustainable Development [11] includes 
the creation of sustainable cities and communities among its Sustainable Development 
Goals (SDGs). Additionally, the new urban agenda (NUA) focuses on the need to foster 
sustainable urban mobility as a safe and affordable public transport mode [12]. Moreover, 
the NUA highlights the need to promote urban transformation investments by the mean 
of promoting urban regeneration based on participatory planning ([12] United Nations, 
2016). 

Urban regeneration projects, aimed at transforming cities and improving people’s 
quality of life, should combine a definition of sustainable and active (walkable and cycla-
ble) mobility patterns and an approach based on the participation of different stakehold-
ers and inhabitants. In this way, roads could acquire a social function in which users have 
equal rights and responsibilities [13–15]. In fact, roads, urban spaces and squares have 
been designed primarily from a transport point of view in order to meet the needs of mo-
torized vehicular traffic at the expense of pedestrians and cyclists, i.e., weak users. There-
fore, this has negative effects on the public usability of spaces, on quality of life and on  

health in an urban context. 
The Active Citizenship for Sustainable Development of the Territory(CAST) project 

is an urban regeneration project based on the implementation of Participatory Planning 
Workshops. The project, promoted in Potenza Municipality by NGO and supported by 
University and Regional Administration [1], was characterised by the development of in-
novative and creative activities and processes in urban and territorial planning, and help-
ing to increase citizens’ empowerment. In fact, a characteristic aspect of this “citizen-cen-
tred” participatory planning framework has been the integration of traditional participa-
tion procedures (street survey-based approaches) with innovative web-assisted proce-
dures and ICT tools in order to improve the management of the relationship between 
public institution and citizens in policy making processes and to develop “e-democracy” 
[16]. Inclusive and interdisciplinary “e-participation” model-based experimentation was 
born from the will of making citizens more informed, aware and responsible, guarantee-
ing them (who are characterized by different interests and affected by different decisions) 
the possibility to participate in the government of the territory, from the interactive con-
struction phase of the knowledge framework (integrating collective experience and tech-
nical analyses) to the definition of local development projects and urban regeneration pol-
icies. 

Assuming that technical analyses play a primary role in planning processes, the in-
teraction between different actors helps create a collective and shared knowledge frame-
work, a fundamental condition to concretely introduce a “citizen-based” approach in ur-
ban and territorial planning [17,18]. 

Several papers described the scope and general results of the CAST Project [1,19,20]. 
Many topics were addressed during the participatory planning workshops: sustainable 
mobility and accessibility to spatial opportunities, safety, usability of neighbourhood ser-
vices (such as green areas, equipped parks, schools, neighbourhood centres, public offices, 
and social centres) and redevelopment and reuse of public areas characterised by both 
physical and social degradation phenomena. Among the relevant arguments discussed 
with citizens and stakeholders, the role of active mobility (walking) in a specific neighbor-
hood in the city of Potenza, “Poggio Tre Galli” district, has been analyzed and assessed. 
In this work, we focused on the issue of “making active mobility a tool to enhance social 
cohesion”. Such an issue is connected with the values of perceived level of quality of life, 
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urban security and urban healt [7,8,21–25]. The general assumptions are that walking con-
tributes to make urban streets liveable, thus contributing to the creation of sustainable 
cities with environmental, social and economic benefits [26]. Furthermore, walking en-
courages social inclusion in an urban context. 

This research belongs to the general domain of the “walkability” topic, and we refer 
to the definition by Leslie, Butterworth and Edwards (2006): “the extent to which charac-
teristics of the built environment and land use may or may not be conductive to residents 
in the area walking for either leisure, exercise or recreation, to access services, or to travel 
to work” [27]. Furthermore, there is a close relationship between walking and an urban 
built environment [28,29]. 

So, walkability implies a reflection on the quality of urban spaces and on the ability 
to accommodate and promote pedestrian mobility in urban areas [30–37]. In relation to 
theories of the capability approach [38–41] and the “right to the city” [42–47], the urban 
environment and its features determine people’s spatial behaviour and thus the possibil-
ities of choice and action of individuals in an urban context. Identifying and assessing the 
urban built environment characteristics is a relevant step in order to design interventions 
encouraging/developing walking and creating a pedestrian-friendly environment. 

The analytical contribution of this paper is based on the application of space syntax 
analysis (SSA) based on graph theory in order to mathematically define and quantify spa-
tial relationships between urban spaces, i.e., their configurational properties. Within ur-
ban space morphology research, the use of SSA allows one to investigate spatial configu-
ration and to quantitatively describe the relationship between urban space and people’s 
movement. According to Hillier (2003) [48], cities’ morphology is strongly characterized 
by rules oriented to make the physical movement efficient and “intelligible to minds”. So, 
the city can be considered “as a system of visual distances” [49]. 

This research contributes to demonstrate how, through the integration of SSA results 
and participatory process evidence, planners and urban designers acquire extensive in-
formation on a built environment‘s syntactic properties based on citizens’ perceptions of 
public spaces in order to define better urban planning and design strategies for more 
walkable urban environments, orienting urban policies focusing on people’s needs 
[50,51]. 

In the next section, we describe the methodological approach and techniques 
adopted during the experimentation of the participatory process, while focusing on space 
syntax theory and the support of ICT tools to encourage the electronic participation (e-
participation) of citizens, stakeholders and representatives of public institutions, the dis-
semination and sharing of information related to the activities of participatory planning 
workshops. In Section 3, the case study, the CAST project is presented, in particular de-
scribing its implementation context, an area located to the north west of the historic centre 
of the city of Potenza. Section 4 provides results of analyses carried out during inclusive 
and participatory approach-based workshops. Configurational and quantitative neigh-
bourhood-scale-based analyses of street network supported both the cognitive phase of 
the territorial context aimed at creating a cognitive framework and the subsequent plan-
ning phase, in order to analyze effects deriving from the implementation of the interven-
tions defined according to a shared and inclusive approach. The next section is dedicated 
to discussing the results of analyses, while including a comparison between the two sce-
narios: before and after the definition of intervention strategies (consistent with the objec-
tives identified and with the planning tools in force) and the introduction of design solu-
tions. Finally, Section 6 provides conclusions and reflections about the methodological 
approach, its outputs, future perspectives in urban planning and possible implications for 
policy-makers. 
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2. Methodology 
Concerning the methodological framework, the research experience includes two 

levels of content that need to be focused on for the purpose of this paper: the participatory 
planning approach and the SSA, applied to better understand the current situation of the 
case study area connectivity and the proposed scenario derived from the proposals dis-
cussed both by technicians and citizens’ groups during the workshop. The first is more 
procedural and reports detail of participatory process management together with sup-
porting tools adopted; the second is quantitative and includes technical details of the 
space syntax framework characterizing the application. 

2.1. The Methodological Approach and the Adopted Partipatory Planning Techniques 
The experimentation of a “citizen-centred” participatory process has envisaged the 

definition of street-auditing-based inclusive walkability assessment method developed 
during participatory workshop in order to create a cognitive framework of the study area. 
The workshop (Figure 1) was characterized by the integration of two different methodo-
logical approaches: street survey and e-tools. The first involved a small group of people 
and stakeholders who knew the study area and its characteristics, including experts, 
neighborhood representatives, organizations and associations. The second approach, 
more innovative than the previous one, was based on a wider public participation through 
the use of information technologies and social networks. 

 
Figure 1. Traditional approach of public participation based on public meeting in C.A.S.T. project. 

The first phase of the workshop consisted of territorial knowledge of the study area 
that was acquired through street auditing tools: photographic surveys, site inspections 
and qualitative thematic cards. Moreover, the interaction between different participants 
and the sharing of their information were two relevant steps [20]. Street surveys have re-
vealed people’s perception of the built environment, since the participants have been 
given the opportunity to judge the current walking environment. Focus groups and neigh-
borhood scale-based walks are the main techniques adopted in this phase to deepen a 
specific topic, engage in discussions to produce ideas and proposals in relation to the 
problems identified in a shared and collaborative way and verify directly some situations, 
thus helping to expand the framework of built knowledge. This activity was supported 
by the use of “mapping tools”, such as Google Earth and Google Maps, in order to locate 
and share with citizens the spatial features discussed in the workshop. 
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This traditional approach to the construction of the cognitive framework was inte-
grated by the use of “social tools”, i.e., online questionnaires and social networks, such as 
Twitter, which allowed several users to report positive and negative elements of the area. 

During the experimentation process, citizens have contributed to enriching technical 
analyses presented. From the discussion of their results, citizens recognised negative and 
positive situations present in the analyzed urban environment and identified the aspects 
to be addressed, avoided, reused and transformed. 

A participatory walkability assessment framework has been developed to define in-
terventions by involving the main stakeholders during the workshop. 

To analyze the structure of the road network and pedestrian paths in the area, SSA 
was used. It allows one to mathematically define spatial relationships between urban 
spaces by using graph theory. In the case study, space syntax techniques were used to 
integrate, in a first phase, the analyzes of the current state previously carried out and, in 
a second phase, to understand how it is possible to intervene in the pedestrian network, 
thus optimizing design interventions. Based on data collected, thematic maps were elab-
orated and the problem tree and the objective tree were defined according to the logical 
framework approach procedure [52–55]. Then, they were discussed in subsequent work-
shop meetings in order to define strategies to be adopted in the formulation of the urban 
regeneration project of the area. 

In this phase, the techniques of the space syntax theory and the calculation of its in-
dexes made it possible to evaluate the effects on walkability deriving from the implemen-
tation of design strategies that were established in a shared way during the participatory 
workshop. 

2.2. Space Syntax Theory 
SSA developed by Bill Hillier since the 1980 [56] is based on the use of graph theory’s 

techniques that are able to measure the effects of the spatial configuration on physical 
properties of the street network [57,58]. SSA is based on three assumptions: urban space 
structure influences phenomena that take place on it, perceptual appreciation of space 
influences behavioural choices in it and the grid of urban paths is considered as a consti-
tutive structure of urban space. In particular, within urban space morphology, this theory 
recognises the way in which spatial units (such as street segments) are articulated and 
mutually arranged (being a quantitative and configurational method of analysis), and the 
essential reasons for social phenomena (communities’ cohesion, social segregation and 
economic and social opportunities) that take place in them, to be able to interpret and 
understand them. In fact, there is a relationship between a mathematical model of the 
spatial structure and the social behaviour that characterises its use by people. Space syntax 
allows one to interpret and understand the internal structure of a settlement aggregate 
and to simulate potential effects of design transformations on spatial system variables and 
their social forms, thus providing a valuable tool in supporting planning activities. Within 
space morphology research, this quantitative and configurational approach reveals “the 
hidden role of geometry in cities” [59]. Through Space Syntax techniques, it is possible to 
model the real-world road network as a graph, whose nodes are the road lines, in order 
to carry out a quantitative analysis of the spatial system that calculates how each space 
unit is connected with the others. Therefore, the axial map analysis allows one to quantify 
the topological distance between each pair of nodes in the network in terms of number of 
changes of direction, and in terms of “axial steps”, thus capturing both spatial structure 
and the cognitive character of all types of urban spaces. The syntactic representation of 
real-world spaces, including 2D spatial analysis techniques, is based on the construction 
of the axial map. “An axial map is the minimal set of axial lines such that the set taken 
together fully surveils the system, and that every axial line that may connect two other-
wise unconnected lines is included” [60]. So, taking into account cognitive rules that gov-
ern the use of space, all directly accessible and visible urban spaces defined by built form 
are represented by a set of intersecting axial lines. The axial map “basically captures the 
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cognitive accessibility in movement space in terms of directionality. With the axial map it 
is possible to quantitatively measure distance in number of changes in direction, in terms 
of ‘axial steps’” [61]. The primal representation of axial lines, i.e., axial map, is transformed 
into connectivity dual graph by switching edges for urban streets. In fact, the nodes are 
the axial lines, and the junctions between them are represented as links in the axial graph. 
Therefore, a one-to-one relation between the ‘‘axial map’’ and the dual ‘‘graph represen-
tation’’ is created in order to perform the syntactic analysis of the network, thus quantify-
ing topological measures that explain its configurational properties. It consists of measur-
ing the topological distance from each node (axial line) to each other node of the graph. 
Specifically, a “step” from one line to another corresponds to a topological distance of 1 
in the axial graph. 

To quantify the relationships between spaces and analyze the spatial configuration 
of the network, space syntax techniques, based on mathematical graph theory, allow one 
to compute three topological measures: connectivity, integration (mathematical measure 
of closeness) and choice (mathematical betweenness) (see Figure 2). 

By performing the analysis of the urban street network, integration indicates the level 
of accessibility of a line-street within the network and choice measures how important 
line-street is as a “through-street” for the network. So, integration and choice are network 
centrality measures capturing, respectively, the potential “to-movement” and the poten-
tial “through-movement” of each line of the network that has been modeled and described 
through the axial map analysis. In this regard, Hillier (1999) [59] writes: “centrality is 
clearly not simply a state, but a process with both spatial and functional aspects”. 

Connectivity measures the number of spaces that are connected directly to space con-
sidered as origin. So, axial connectivity represents the number of other lines with which 
an axial line (origin) intersects within a network. A high value of this parameter indicates 
that examined line is potentially characterised by access movements to (or from) a large 
number of other network lines. According with Saelens et al. [62], streets’ connectivity and 
destinations’ proximity are two key physical attributes of residential neighborhoods that 
can positively influence pedestrian mobility leading to more frequent walking trips. In 
particular, connectivity is determined by grid patterns of interconnecting streets. 

Integration (mathematical measure of closeness) is a measure of distance from any 
space of origin to all the others in a system-network, thus calculating how close the origin 
space is to all others. It can be considered as a measure of network centrality representing 
topological network accessibility of a unit from all others units within a certain spatial 
system. To obtain integration, we use a topological distance, “depth”, taking into account 
the change in direction, i.e., step or turn, between each axial line (dual graph G vertex) 
and all the others. Total depth (TDi), i.e., the sum of all depths from a certain origin unit 
space, is computed as follows: 

𝑇𝐷 = 𝑑           𝑖 ≠ 𝑗 (1) 

where dij is the number of syntactic steps between unit space (vertex) i and j, and n is the 
total number of unit spaces in the dual graph G. 

Within the spatial system, mean depth (MDi) of the graph is calculated as: 

𝑀𝐷 = 1𝑛 − 1 𝑑           𝑖 ≠ 𝑗 (2) 

To make the measurement of depth comparable between local and global structures 
within the same graph, the concept of relative asymmetry (RAi) is introduced. It is a nor-
malization of the graph depth measure that compares actual axial line’s mean depth with 
the theoretical highest (max(MD) = n/2) and lowest (min(MD) = 1) values that mean depth 
could have in the graph. 
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𝑅𝐴 = 𝑀𝐷 − 𝑀𝐷 𝑙𝑜𝑤𝑒𝑠𝑡𝑀𝐷 ℎ𝑖𝑔ℎ𝑡𝑒𝑠𝑡 − 𝑀𝐷 𝑙𝑜𝑤𝑒𝑠𝑡 = 𝑀𝐷 − 1𝑛2 − 1 = 2 𝑀𝐷 − 1𝑛 − 2  (3) 

To enable a comparison between graphs of different sizes that influence the accessi-
bility measures of unit spaces, real relative asymmetry (RRAi) is computed by normalizing 
RA values by the Dn-Value, i.e., the RA of the root of a “diamond-shape” graph of the 
same number of n vertices [63], while making them independent from the size of the spa-
tial system. 𝑅𝑅𝐴 = 𝑅𝐴𝐷  (4) 

𝐷 = 2 𝑛 log 𝑛 23 − 1 1𝑛 − 1 𝑛 − 2  (5) 

To quantify the topological network accessibility of a space unit (a street represented 
by a vertex in a dual graph) from all other spaces within a spatial system, space syntax-
based integration (or closeness centrality) is computed as follows: 𝐼𝑁𝑇 = 1𝑅𝑅𝐴 =  𝐷𝑅𝐴  (6) 

To define the degree to which a graph vertex is integrated or segregated from the 
spatial system, integration might be calculated for the whole graph G containing n vertices 
(global integration), or for a partial system containing a number of neighboring vertices 
within a certain graph distance (topological radius), i.e., a predefined number of steps 
(e.g., three steps), from each vertex (local integration). Generally, radius 3 (a lower depth 
of connectivity) is used to measure local integration: spaces that are three depths away 
from each graph vertex (origin) are considered in the axialanalysis. 

 
Figure 2. Space Syntax based topological integration analysis of a neighborhood block’s street network. 
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Integration provides quantitative information about a defined spatial unit (street-
line): its ease of being reached by others in the space system, i.e., its potential to attract 
movement and to be a relevant destination, while having potentially greater social co-
presence (where social interactions would be more intense). High integration means that 
the space unit is easy to reach from a topological point of view and therefore it is “inte-
grated”. In SSA, the city is considered a dynamic system whose evolution is based on a 
continuous iterative feedback loop between centrality (spatial configuration), movement 
and land use [64]. 

The betweenness centrality, defined as choice in space syntax terms, measures how 
likely an axial line, i.e., graph vertex, is to be passed through on all shortest paths from all 
spaces to all other spaces in a graph G within a predetermined topological distance (num-
ber of steps) from each line. Thus, it is possible to quantitatively know how often an axial 
line lies on the shortest topological paths between any pair of axial lines. As with integra-
tion, choice can be defined based on the whole system (global choice) as well as at a local 
level (local choice). Choice allows one to quantify the “through-movement” potential of a 
given line in a network. In mathematical terms, according to Freeman (1977) [65], be-
tweenness centrality (CB(Pi)) is defined in network theory as “the weighted frequency a 
point falls in the shortest path between all origins and destinations in a given system”: 

𝐶 𝑃 = ∑ ∑ 𝑔 𝑝𝑔 𝑗 < 𝑘  (7) 

where gjk(pi) is the number of shortest topological paths between node pj and node pk 
(which contains node pi) and gjk is the number of all paths between pj and pk in a graph G. 
Therefore, the lower the choice values, the longer the topological paths when moving from 
the origin to the destination in a network. 

3. Case Study: “Poggio tre Galli” Neighborhood and the CAST Project 
The theme of walkability was faced during the participatory processes of the project 

CAST aimed at defining an urban regeneration project, in an area located in the western 
part of the city of Potenza. Since it includes the experimentation of creative and innovative 
activities, the project has been selected within a call relating to these themes launched by 
the Basilicata Region [1,66]. The experimentation of the participatory process characteriz-
ing the project CAST was based on the organization of a participatory planning workshop 
that took place in the area interested by urban regeneration project. It includes (Figure 3) 
“Poggio Tre Galli”, “G area” and “Study Centre” districts. The participatory process in-
volved several stakeholders: cultural associations, citizens, some decision makers and 
technical staff of Potenza municipality, and volunteers [51]. Moreover, the participatory 
planning workshop was an example of implementation of forms of inclusive smart plan-
ning, since it was supported by ICT tools, thus attracting the interest of the local commu-
nity and public administration [67–74]. 
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Figure 3. Location of the area of project CAST: the neighbourhood of “Poggio Tre Galli”, the “G 
area” and the district called “Study Centre”. 

Various experiences of participatory processes have been developed in Potenza, the 
capital of Basilicata region, Southern Italy, and in neighboring towns. Most of these have 
been directly incentivized by citizens with a bottom-up approach [71–74] and in other 
cases promoted by local authorities [75]. 

The Implementation Context of the Workshop 
The case study is located in the West urban area of the city of Potenza, the County 

Seat of the Basilicata region, located in the mountains (900m above sea level), with about 
67,000 inhabitants (inhab.) and a density of 382.6 inhab./km2. It has a density of pedestrian 
areas equal to 9.1 m2 per inhabitant, while the national average for the sample of provin-
cial capitals is 33.4 m2 per inhabitant. The transport sector with 48% is the main responsi-
ble for urban energy consumption: 94% of the transport sector energy consumption is due 
to the use of private motorized vehicles, in particular private cars. In fact, Potenza with 
73.93 vehicles/100 inhab. is the fourth Italian city by “motorization index of cars” [76]. 
Moreover, the city of Potenza is characterised by fragmented settlement [77–79] 

The case study includes three districts: “Poggio Tre Galli”, mainly residential, “G 
area”, which takes its name from urban master-plan and “Study Centre”, since most of 
the city schools, especially high schools and primary schools, are in this urban area of 
Potenza (Figure 2). 

In addition to the prevalent use related to education, “Study Centre” is characterised 
by the presence of many no-built areas. “Poggio Tre Galli” and “G area” are instead resi-
dential districts with a particularly high settlement density compared to the urban con-
text. In fact, on the basis of the 2011 demographic data of the National Institute of Statistics 
(ISTAT), 4357 inhabitants reside in the “Poggio Tre Galli” district, while the “G area” has 
1919 inhabitants. Furthermore, in the last decades data show that the number of over-50s 
residents has increased compared to a reduction in the presence of young people in both 
neighborhoods. To confirm this, the old-age index has increased in the decade 2001–2011. 

The construction of the “Poggio Tre Galli” and the “Study Centre” districts dates 
back to the 1970s and 1980s on the basis of two plans, which have not been fully imple-
mented. Moreover, the two districts have taken over the current urban structure due to 
changes made to the original planning forecasts in recent years. The “G area” district, 
whose construction is recent, is currently characterised by the lack of services. 

Overall, the study area can count on the presence of territorial interest services such 
as regional offices [80,81], many green areas and currently unused areas that could be 
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included in an urban regeneration plan of the area, in relation to the provisions of the 
planning rules. 

4. Results 
4.1. Axial Analysis on the Existing Street Network 

To evaluate syntactic properties, the axial analysis was carried out using topological 
distance and considering two different route network’s maps (Figure 4): the vehicular 
road network and the network resulting from the integration of the latter with pedestrian 
paths. In particular, attention was focused on the calculation of syntactic parameters men-
tioned above. They have been calculated using DephtmapX, an open-source and multi-
platform spatial analysis software for spatial networks. In addition, for each syntactic 
measurement, statistical values are reported: average, standard deviation, variance, min-
imum, maximum, Gini coefficient. 

 
Figure 4. Axial map of the study area. 

Calculating the topological connectivity in both scenarios (Figure 5), it is noted that 
Via Adriatico and Via Anzio, South of Parco Europa Unita, have the highest values 
(marked by the green color in the thematic map). The same situation occurs North of the 
area, at the roundabout where Via Varsavia, Via Londra and Via Ancona converge. Fur-
thermore, the street that allows access to Piazzale Sofia, Piazzale Bucarest and Piazzale 
Zagabria is characterised by the highest values (marked by the yellow color in the the-
matic map). 

Furthermore, it emerges that the average value registered in both analyzed scenarios 
(road network and road network with pedestrian paths) is greater than 5 (see Table 1). 
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(a) (b) 

Figure 5. Topological connectivity calculated on the axial map of the study area. (a) Existing road network; (b) existing 
road network including pedestrian paths. 

Table 1. Statistical values for topological connectivity. Value_1 refers to the values calculated on 
the existing road network. Value_2 shows the values of the existing network that also includes 
pedestrian paths. 

Statistic Values Value_1 Value_2 
Number of features  217 236 

Average 5.447004608 5.83898305 
Standard deviation 3.727862802 3.961617412 

Variance 13.896961073 15.694412525 
Minimum 1.0 1.0 
Maximum 20.0 21.0 
Gini Coeff. 0.37 0.3695 

The calculation of graph theory-based network centrality measures (topological inte-
gration-closeness and topological choice-betweenness) was performed considering both 
the local and the global scale. In fact, axial integration and axial choice were computed in 
a range of two topological radii (r): r = 3 for the analysis carried out on the local scale (local 
integration and local choice) and r = n for the analysis on the global scale (global integra-
tion and global choice). 

The analysis of global topological integration (r = n) shows how the addition of pe-
destrian paths increases statistic values obtained along the paths of the road network: the 
minimum, maximum and mean values are higher. In particular, the pedestrian path cross-
ing Parco Europa Unita improves the integration of Via Adriatico (both characterised by 
red colour in the thematic map) and Via Anzio (Figure 6). 

The road network, north of the study area, is characterised by the lowest values. 
However, the introduction of pedestrian paths also has positive effects on these roads. 

Moreover, analyses carried out on the current state show that adding pedestrian 
paths to the road network leads to an increase in the syntactic index at global scale (r = n) 
in the minimum, maximum and average values (see Table 2). 
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(a) (b) 

Figure 6. Global topological integration (r = n). (a) Existing road network; (b) existing road network including pedestrian 
paths. 

Table 2. Statistical values for global topological integration. Value_1 refers to the values calculated 
on the existing road network. Value_2 shows the values of the existing network which also in-
cludes pedestrian paths. 

Statistic Values Value_1 Value_2 
Number of features  217 236 

Average 0.775625009 0.90107865 
Standard deviation 0.155029437 0.205679592 

Variance 0.024034126 0.042304094 
Minimum 0.43420336 0.45905045 
Maximum 1.1294508 1.3543476 
Gini Coeff. 0.1136 0.1307 

The local topological integration (r = 3) calculation shows how the most integrated 
routes are Via Anzio and Via Londra (colored red on the map). The presence of pedestrian 
paths improves the centrality of Via Anzio and Via Adriatico while Via Londra is charac-
terised by lower values than the previous scenario. At the local scale (r = 3), there is an 
increase in the average integration value Figure 7, Table 3). 



Sustainability 2021, 13, 5835 13 of 32 
 

  
(a) (b) 

Figure 7. Local topological integration (r = 3). (a) Existing road network; (b) existing road network including pedestrian 
paths. 

Table 3. Statistical values for local topological integration. Value_1 refers to the values calculated 
on the existing road network. Value_2 shows the values of the existing network which also in-
cludes pedestrian paths. 

Statistic Values Value_1 Value_2 
Number of features  217 236 

Average 1.852684543 1.951828389 
Standard deviation 0.676257005 0.668399262 

Variance 0.457323537 0.446757574 
Minimum 0.33333334 0.33333334 
Maximum 3.7045445 3.5384874 
Gini Coeff. 0.2081 0.1945 

From the calculation of the global topological choice (r = n), it emerges that Via Parigi 
has the highest value (colored yellow) in both scenarios (road network and road network 
integrated with pedestrian paths). In the latter, the pedestrian path crossing Parco Europa 
Unita (colored green) is potentially among the most chosen routes, but its presence does 
not significantly improve the values registered by the other routes in the network (Figure 
8, Figure 9). 

At the local scale (r = 3), axial topological choice value of the lines falling in the study 
area is quite uniform, regardless of the scenario (with or without pedestrian paths) con-
sidered in the analysis. Thus, the addition of pedestrian paths has not significant positive 
effects in terms of choice on the route network within the study area (Table 4, Table 5). 
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(a) (b) 

Figure 8. Global topological choice (r = n). (a) Existing road network; (b) existing road network including pedestrian paths. 

Table 4. Statistical values for global topological choice. Value_1 refers to the values calculated on 
the existing road network. Value_2 shows the values of the existing network that also includes 
pedestrian paths. 

Statistic Values Value_1 Value_2 
Number of features  212 212 

Average 0.065307596 0.053629781 
Standard deviation 0.098053315 0.078102101 

Variance 0.009614452 0.006099938 
Minimum 0.0 0.0 
Maximum 0.51546079 0.3866885 
Gini Coeff. 0.6727 0.6556 

 

  
(a) (b) 
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Figure 9. Local topological choice (r = 3). (a) Existing road network; (b) existing road network including pedestrian paths. 

Table 5. Statistical values for Local topological choice. Value_1 refers to the values calculated on 
the existing road network. Value_2 shows the values of the existing network that also includes 
pedestrian paths. 

Statistic Values Value_1 Value_2 
Number of features  212 212 

Average 0.087254211 0.076828541 
Standard deviation 0.09639385 0.089500244 

Variance 0.009291774 0.008010293 
Minimum 0.0 0.0 
Maximum 0.53571427 0.5714286 
Gini Coeff. 0.5488 0.556 

As part of the SSA, it is possible to relate the previously calculated indices, thus ob-
taining second-degree indices that allow for further evaluation of road network’s syntactic 
properties. 

Intelligibility measures (Figure 10) the correlation between axial topological connec-
tivity and axial global topological integration (r = n). With a strong correlation between 
these two indices, i.e., ‘‘high intelligibility’’, there is a close relationship between the whole 
system (overall urban space) and the elements (local features) that make it up. Consider-
ing the linear correlation between the two syntactic measures, R2 value is equal to 0.2868. 

 
Figure 10. Intelligibility values at the global scale (r = n). 

Synergy is a parameter relating the local (radius-3) topological integration values to 
ones that have been computed at the global scale (radius-n). Thus, the degree to which the 
internal structure of an area refers to the global system within which it is located is ob-
tained. In our case, the scatter plot shows that the linear correlation has a moderate value: 
R2 = 0.4460 (Figure 11). 
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Figure 11. Synergy values. 

Movement interface index allows one to compute the correlation between integration 
values and choice values. Thus, the two measures of network axial centrality are related 
in order to evaluate both the degree of accessibility to a given space as destination from 
different origins and the possibility that the same space falls within the minimum paths 
from all spaces to all the others. In relation to the current state, this type of analysis was 
carried out both at the global scale (r = n) (Figure 12) and at the local scale (r = 3) (Figure 
13). 

. 

Figure 12. Movement interface index (r = n). 
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Figure 13. Movement interface index (r = 3). 

4.2. The Cognitive Framework: Interviews and Stakeholders’ Session 
Analyses of the current state carried out with a participatory approach during the 

workshop highlighted the deficiencies relating to pedestrian paths’ network from both 
quantitative and qualitative points of view. This affects the level of walkability, whose 
development is considered one of the main topics of the urban regeneration project of the 
study area. The creation of the cognitive framework was relevant in order to better influ-
ence next design phase. The acquisition of information was based on street surveys con-
ducted on the territory, using social media and examining the results of questionnaires 
submitted to the inhabitants of the area. Furthermore, the use of online questionnaires and 
ICT tools has allowed one not only to extend participation to different users but also to 
expand the information database. It was possible to collect several and various pedestrian 
user groups’ perspectives: residents, students, local authorities, community activists and 
users of services located in the districts (Figure 14). 
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Figure 14. Map of current status of pedestrian mobility within the study area. 

So, critical issues of the study area were: 
• Discontinuity of the sidewalks characterised by the presence of architectural barriers; 
• Absence of cycle paths; 
• Limited width of pedestrian paths due to the presence of street furniture’s elements 

such as trees and benches; 
• Poor maintenance and cleaning of streets and areas, in particular those that are char-

acterised by neglect and decay since they are not very used; 
• Presence of stray dogs; 
• Absence of elements of separation between streets characterised by a relevant traffic 

volume and adjacent pedestrian paths; 
• Presence of dangerous pedestrian crossings. 

Pedestrian mobility is currently characterised by infrastructural deficiencies, which 
severely limits its competitiveness compared to other transport means. Moreover, this pe-
nalizes the usability of services present in the area and creates situations of social inequity 
between the sub-districts of the study area and between different types of users. In fact, 
this concerns above all the “Study Centre” district, whose users are mostly represented 
by students, which is lacking in safe and interconnected pedestrian paths. The schools, the 
main attractor for internal and external mobility, have poor spatial relationships with the 
rest of the “Study Centre” district and with others districts that are within the study area. 
Although the current level of walkability of the area is low, during the workshop, it 
emerged that many users usually move around on foot. Among the main users of the area 
there are students who raised another problem related to walkability: the need to create 
new pedestrian paths that form a real walking route network with existing ones and that 
are integrated by multifunctional spaces, possibly surrounded by greenery, equipped for 
leisure and other services. This was carefully considered in the subsequent planning 
phase, which in turn was based on the same inclusive and participatory approach. In fact, 
the development of walkability cannot be separated from the presence of an adequate 
provision of public services and opportunities. In fact, multiple use of space, as well as 
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mixed social and economic uses in built-up areas allow one to reduce people’s mobility 
need and consequently “congestion and pollution while improving efficiency, connectiv-
ity, accessibility, health and quality of life” [12]. This is fundamental in defining a neigh-
borhood-scale urban regeneration project taking into account several and different needs 
and eliminates any physical and mental barriers that may be present. The latter represents 
one of the preconditions for the creation of sustainable cities and communities starting 
from the local scale as the case study shows. 

Furthermore, the cognitive framework showed that the area is poorly served by pub-
lic transport, thus limiting relationships at the urban scale. This penalizes especially 
weaker categories of the population at a social and economic level and represents an as-
pect that negatively affects sustainable (pedestrian and bicycle) mobility and inter-modal-
ity. 

4.3. The Strategies Proposed in the Workshop 
A sustainable infrastructure (for walking and cycling) has to be “implemented in a 

participatory manner, considering innovative, resource-efficient, accessible, context-spe-
cific and culturally sensitive sustainable solutions” [12]. The promotion of this type of in-
frastructure requires the involvement of all relevant stakeholders (multi-stakeholder part-
nerships) and inhabitants at all stages of the planning processes, “from conceptualization 
to design, budgeting, implementation, evaluation and review” [12]. 

In this methodological principles framework, a proposal for the urban regeneration 
project based on the promotion of sustainable mobility and, in particular, pedestrian mo-
bility was developed. The stakeholder session made it possible to find a correspondence 
between the positions of experts and community representatives while selecting a set of 
priorities to be addressed in the design phase. 

The proposal is characterized by the definition of intervention projects oriented to 
improve network infrastructures for pedestrian mobility in order to favour better usability 
of green areas and of services located in the case study area [20] (see Figure 15). 

Specifically, operative actions relate to: 
• Addition of new pedestrian paths to integrate existing ones in order to create a net-

work covering the whole study area in a capillary way; 
• Implementation of traffic calming measures; 
• Redefinition of the main street sections; 
• Functional adaptation of the rainwater disposal networks along the road network 

and in areas subject to flood risk; 
• Extension of the public lighting network (especially in “G area”). 

During the workshop, it emerged that the interventions considered as priorities are: 
• Functional organization of some road sections in order to allow the insertion of side-

walks; 
• Improvement of existing pedestrian paths THAT are currently in poor condition due 

to the poor maintenance performed (especially in “G area”). 
• Creation of safe pedestrian crossings. 
• Construction of a walking route network connecting the most popular areas. 
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Figure 15. Map of strategic pedestrian mobility design within the study area. 

4.4. Axial Analysis on the Route Network Project Hypothesis 
The axial map analysis was performed on the effects deriving from the inclusion of 

new pedestrian paths within street network proposed during the participatory and so-
cially inclusive workshop. Specifically, we proceeded to determine synthetic indices of 
the spatial configuration that take into account changes implemented in comparison with 
the previous scenario. 

Topological connectivity does not vary much when compared to existing cases. There 
is an increase only for some lines, those directly connected with new routes (Figure 16, 
Table 6). 
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Figure 16. Topological connectivity calculated on the project network. 

Table 6. Statistical values for topological connectivity. Value_3 refers to the values calculated on 
the project road network. 

Statistic Values Value_3 
Number of features  277 

Average 5.833935018 
Standard deviation 3.847433863 

Variance 14.802747331 
Minimum 1.0 
Maximum 22.0 
Gini Coeff. 0.356 

Topological integration (or closeness) increases both globally (r = n) and locally (r = 
3), especially in the “Study Centre” and “G area” districts, respectively, in the south and 
north-west of the study area. In particular, with the support of the thematic map, the Parco 
Europa Unita, a relevant neighbourhood green area, is the main potential movement at-
tractor (from or to) within the area (Figure 17, Table 7). 
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(a) (b) 

Figure 17. (a) Global Topological integration (r = n) and (b) local topological integration (r = 3) calculated on the project 
network. 

Table 7. Statistical values for topological integration on the project road network. 

Statistic Values Value_3 (r = n) Value_3 (r = 3)  
Number of features  277 277 

Average 0.931032989 1.985940958 
Standard deviation 0.197277857 0.614140742 

Variance 0.038918553 0.377168851 
Minimum 0.48586929 0.33333334 
Maximum 1.400864 3.5725749 
Gini Coeff. 0.121 0.1751 

In relation to topological choice (betweenness), the lines-paths assume uniform val-
ues at the local scale (r = 3). Instead, at the global scale (r = n), the Parco dell’Europa Unita 
registers above-average choice values. The access roads to this neighborhood park have 
high values as well as Via Parigi, in the north-western part of the study area. So, these 
street-lines have greater potential to be chosen as part of a path within a predetermined 
distance (topological radius) from each line (Figure 18, Table 8). 
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Figure 18. (a) Global topological choice (r = n) and (b) local topological choice (r = 3) calculated on the project network. 

Table 8. Statistical values for topological choice on the project road network. 

Statistic Values Value_3 (r = n) Value_3 (r = 3)  
Number of features  277 277 

Average 0.045605703 0.072918521 
Standard deviation 0.070276358 0.082852024 

Variance 0.004938766 0.006864457 
Minimum 0.0 0.0 
Maximum 0.40653491 0.53571427 
Gini Coeff. 0.6665 0.5394 

The calculation of the second-order indices (intelligibility, synergy and movement 
interface) has almost produced similar results when compared to the current scenario. 

5. Discussions 
Topological connectivity does not undergo significant changes with the addition of 

new pedestrian paths and is similar in the different cases analyzed. The area with higher 
values is the central one that is therefore the most connected both globally and locally, 
while the rest has medium-low values (Figure 19, Table 9). 
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Figure 19. (a) Topological connectivity of existing pedestrian route network; (b) topological connectivity of project pedes-
trian route network. 

Table 9. Statistical values for topological connectivity before and after proposed pedestrian route 
network. 

Topological Connectivity 
Statistic Values Before After  

Number of features  236 277 
Average 5.83898305 5.833935018 

Standard deviation 3.961617412 3.847433863 
Variance 15.694412525 14.802747331 

Minimum 1.0 1.0 
Maximum 21.0 22.0 
Gini Coeff. 0.3695 0.356 

Topological integration is also high in the central part of the area considering both 
scenarios, current status and project scenario. In the “G area” and “Study Centre” districts, 
on the other hand, the index assumes low values in the case of the existing network. These 
are increased by the addition of new pedestrian paths. 

In particular, the axial analysis highlights how the spatial configuration of the “G 
area” district and the “Study Centre” district negatively influence pedestrian mobility, 
confirming what emerged during workshop with respect to structural deficiencies of the 
pedestrian route network. The analysis on the existing network, therefore, highlights the 
need for additional pedestrian paths able to guarantee a higher level of connectivity and 
integration. In fact, the analyses taking into account the final design proposal of the par-
ticipatory workshop show that adding new pedestrian paths it is possible to improve con-
figurational indices in the most critical sections, increasing their level of network accessi-
bility (Figure 20, Table 10 and Figure 21, Table 11. 
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Figure 20. (a) Global topological integration of existing pedestrian route network; (b) global topological integration of project pe-

destrian route network. 

Table 10. Statistical values for global topological integration (r = n) before and after proposed pe-
destrian route network. 

Global Topological Integration (r = n)  
Statistic Values Before After  

Number of features  236 277 
Average 0.90107865 0.931032989 

Standard deviation 0.205679592 0.197277857 
Variance 0.042304094 0.038918553 

Minimum 0.45905045 0.48586929 
Maximum 1.3543476 1.400864 
Gini Coeff. 0.1307 0.121 

 

  
(a) (b) 
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Figure 21. (a) Local topological integration of existing pedestrian route network; (b) local topological integration of project 
pedestrian route network. 

Table 11. Statistical values for local topological integration (r = 3) before and after proposed pedes-
trian route network. 

Global Topological Integration (r = 3)  
Statistic Values Before After  

Number of features  236 277 
Average 1.951828389 1.985940958 

Standard deviation 0.668399262 0.614140742 
Variance 0.446757574 0.377168851 

Minimum 0.33333334 0.33333334 
Maximum 3.5384874 3.5725749 
Gini Coeff. 0.1945 0.1751 

From the comparison of the (global and local) topological integration values of the 
pedestrian route network, before and after design interventions proposed in the work-
shop, it can be seen that the minimum, maximum and average values are higher while the 
variance and standard deviation are lower in the design scenario. This means that the 
study area would benefit from the proposed interventions: these improve its syntactic 
structure as it becomes more integrated, and more accessible in terms of spatial configu-
ration at both global (r = n) and local (r = 3) scales. 

However, same analyses show that the central part of the area has a high level of 
spatial integration so no new paths are needed. In this case, the improvement of mobility 
must be obtained by improving the equipment for pedestrian movements, both in quali-
tative and quantitative terms, or with traffic-calming interventions. 

Topological choice assumes mostly low values for the whole area except for some 
lines. This means that there are few lines that fall more often within paths between other 
pairs of lines, and therefore the possibility of choosing between alternative paths in mov-
ing from one point to another is smaller. 

6. Conclusions 
The experimentation of the participatory process supported by SSA for ex-ante terri-

torial evaluation and strategic scenario analysis has shown how active mobility may rep-
resent a central argument in order to address urban regeneration issues on a neighbor-
hood scale. Here, the proposed interventions designs are based on the acquisition of data 
and information according to a “citizen-centred” inclusive approach taking into account 
bottom-up contributions compared with robust technical evaluations based on SSA. In 
fact, a participatory walkability assessment method was integrated with traditional street 
survey-based approaches with web-assisted procedures to create a shared and flexible 
cognitive framework, including different and several pedestrian users’ perspectives (sen-
iors, adults, teenagers, students and residents). Thus, citizens can express needs, opinions, 
preferences, etc., and actively participate in the definition of effective and comprehensive 
walking-related strategies, design interventions and improvements in order to better their 
perceived level of quality of life. In our case study, inclusive and participative urban man-
agement based on the ICT platform developed during the project CAST is an example of 
inclusive smart planning in order to define strategic design interventions and improve-
ments within neighbourhood-scale urban regeneration scenarios. 

The urban regeneration proposal developed within the project CAST was based 
mainly on the issue of walking mobility, and consequently the improvement of walkabil-
ity level and the quality of the pedestrian environment is a primary objective. Nowadays, 
the possibility of walking is often denied culturally and materially because of the hyper-
trophy of urban areas, and urban and planning deficiencies, with serious consequences 
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on individuals’ quality of life and health. Instead, related-walking strategies and interven-
tions would allow for more sustainable use of such areas by citizens and users. 

Pedestrian mobility contributes to improving social inclusion of an area by eliminat-
ing street physical barriers. This also determines a social re-appropriation of urban spaces: 
green areas, services and equipment. The creation of a widespread and extensive network 
of pedestrian paths is able to meet users’ needs and the demand for mobility in the study 
area. Furthermore, a continuous pedestrian route network helps encourage walking while 
decreasing pedestrians’ insecurity [82]. Thus, walking is truly competitive with respect to 
other motorized transportation modes and makes a significant contribution to improving 
living conditions, reducing pollution and congestion in vehicular traffic. 

Moreover, sustainable, active urban mobility, walking and cycling are closely related 
to urban planning and urban management practice. In fact, a compact urban layout, char-
acterised by more direct and shorter paths to destinations, enhances walking [83]. Walk-
ability-related design interventions should be defined in neighbourhood-scale planning 
that is appropriate for the development of pedestrian mobility. Furthermore, neighbor-
hood walkability, encouraged by urban street environment interventions, supports pe-
destrian activity, thus increasing people’s physical activity and improving health. 

From those general considerations about walkability effects on the perceived level of 
quality of live in urban and neighborhoods context, the research approach allowed one to 
highlight strengths and weaknesses as a contribution to the urban participatory regener-
ation practices. 

Concerning strengths derived from the integration of SSA in participatory planning 
practice, several advantages have to be pointed out, i.e., that the street auditing method 
proposed in this research supported the integration of different issues: participation, the 
use of web-assisted procedures, and detailed knowledge of the road network, based on 
the calculation of SSA measures. The latter helped to mathematically characterise the 
street network and the pedestrian environment in a detailed way concerning the state of 
the art and the strategic scenario proposed through participatory planning. On the basis 
of analyses carried out, it is possible to evaluate not only the current state of the network 
but also the effects derived from the implementation of intervention projects defined in 
an inclusive and participatory way. In fact, the pedestrian environment improves signifi-
cantly by designing a pedestrian network with high network centrality measures: integra-
tion (closeness) and choice (betweenness). Those indicators allow one to quantify the po-
tential movement affecting the paths of a network: respectively, “to-movement” and 
“through-movement”. Our study shows how an improvement in the syntactic structure 
of pedestrian route network (syntactic integration, i.e., spatial accessibility) could lead to 
a better physical integration able to reduce spatial fragmentation [84]. Socio-spatial inte-
gration represents one of the goals to be achieved in project interventions both at the 
neighborhood and urban scale. By using graph theory-based spatial configuration quan-
titative analysis, it is possible to support participatory planning, urban management and 
infrastructure network design. 

The weaknesses of the approach depend on technical and cognitive levels. The SSA 
should be extended to a wider urban portion in order to include border effects and to 
understand the relations existing in terms of accessibility and connectivity between the 
study area and the whole urban system. This represents a technical tangle easily manage-
able with available technologies and data, but such an analysis could cause confusion in 
the participant groups involved in the process. Changing scales in technical interpretation 
of the context is not an easy task for citizens engaged in a participatory planning exercise, 
and any complications may strongly affect the whole success of the process. This technical 
issue has to be carefully managed by the organizers and/or the facilitators of the partici-
patory process. 

The technical details of the SSA represent a hard argument to be shared with citizens 
in order to define a common cognitive framework in the participatory process. Referring 
to maps may simplify this task for workshop conductors. For instance, the comparison 
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between topological closeness of the existing pedestrian road network and the proposed 
one (see Figure 20) represents a clear description of the improvement achievable. Such 
content may be shared even without technical details during the workshop, translating 
technical meanings into common language concepts. This is not an easy task for workshop 
conductors, who have to balance the level of technical complexity in spatial analysis and 
the objective to achieve an effective interaction with workshop participants. Additionally, 
general critics of SSA regard the fact that the model only takes into account the physical 
characteristics of the network, without any consideration for the multi-agent choices in 
organizing real movements around the city of the district. In this research, the contribu-
tion of the public participation allowed one to compare the analytical results with the cit-
izens’ opinions. This is not a solution but a way to compare model results with the per-
ception of real people living in the area. The use of SSA as robust analytic for the evalua-
tion of mobility issue in urban regeneration participatory practice presents a wide range 
of applications connected with the increasing importance that regeneration plays in urban 
development [85,86]. The evidence from CAST project allows one to affirm that SSA con-
tributed to the cognitive participatory framework in terms of sharing useful quantitative 
measures facilitating comparisons among different scenarios connected with urban mo-
bility. Particularly in the domain of active mobility and specifically concerning the walk-
ability issue, the evidence of this research expresses how deeper knowledge about config-
urational analysis of the road network and walkable network strongly drive citizen opin-
ion towards seeing walkability as a priority of urban regeneration strategy. This should 
be compared with the evidence derived from planning practices based on a similar meth-
odology. 

Further research, beyond SSA, could exploit the potential of place syntax analysis 
(PSA) where in addition to the evaluation of configurational indexes connected with road 
networks it is possible to take into account a weighted estimation of the potential that 
selected destinations (i.e., the presence of services spatially identified along the networks) 
may bring to the analysis. PSA refers to a wide literature concerning urban planning and 
urban regeneration, where a number of case studies are described. 

Traffic-oriented urban planning will be replaced by people-based urban planning fo-
cused on a local-oriented environment that has relevant impacts on walking [87]. Moreo-
ver, this method provides valid support for policy-makers who want to improve walka-
bility, through walking-related strategies, and make urban environment pedestrian-
friendly, contributing to the creation of sustainable cities and communities. Relevant sec-
tors where walkability issues may find suitable implementation domains are energy and 
climate municipal planning [88,89] and ecosystem-services-oriented planning [90]. 
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