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Abstract

:

Thematic paths are a central aspect of urban policies for cultural heritage valorization. In fact, thematic paths are central spatial features for structuring the image of a historical landscape. Hence, this study proposes the cultural paths assessment tool (PAST) as a methodological framework for individuating a network of routes connecting cultural heritage components and for assessing their usefulness. Usefulness is herein defined as the potential of a street network to support the meaningful experience of a historical urban landscape. PAST combines space syntax techniques, a geographic information system, and a qualitative analysis within a multi-criteria analysis framework for addressing four aspects of connecting cultural heritage components, including: (i) the individuation of relevant assets; (ii) the identification of the sub-network of most central street segments; (iii) the definition of the street network of thematic routes; (iv) the assessment of the usefulness of thematic paths, according to the criteria of usability, imageability, and accessibility. The proposed methodology, applied to the historical district of Marina in the city of Cagliari in Italy, supports planning and design processes in two ways: (1) by identifying street segments and squares comprising a network of thematic routes; (2) by individuating high-leverage interventions for improving the usefulness of thematic routes. Consequently, the proposed study addresses the need to establish methodologies and analytic tools that support decision making processes for conserving, managing, and valorizing historic urban landscapes.
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1. Introduction


UNESCO [1] defines the historical urban landscape in urban areas as the product of the historical layering of cultural and natural values and attributes. This conceptualization includes the broader urban context and its geographical setting, emphasizing the historical urban landscape as a central manifestation of cultural heritage. It is a widely-accepted fact that urban heritage, including its tangible and intangible components, represents a key factor for enhancing livability, fostering economic development, and social cohesion [2,3]. However, urbanization, global market liberalization, and the market exploitation of heritage can engender the fragmentation and deterioration of cultural heritage [4,5,6,7]. Consequently, the conservation and valorization of cultural heritage emerge as a central sector of public policy aimed at preserving shared values and identity, while achieving a balance between urban growth and quality of life in the framework of sustainable development. In particular, UNESCO identifies a historic urban landscape approach, aimed at identifying, conserving, and managing historical areas by considering the inter-relationships of their physical forms, their spatial organization and connection, their natural features and settings, and their social, cultural, and economic values [1]. Consequently, this paper presents the cultural paths assessment tool (PAST) as a methodological framework for identifying paths connecting cultural heritage components and for assessing paths’ usefulness. Usefulness is herein defined as the potential of a path, and, hence, of its physical components and of its spatial and functional attributes to support the meaningful experience of a historical urban area. Within the historical urban landscape approach, thematic paths, conceptualized as components manifesting the inter-relationships among the tangible components of the cultural heritage and their context, including the site’s topography, physical and biological formations, hydrography, the built environment, land use patterns, and spatial organization, are a central aspect within conservation and valorization policies.



Furthermore, paths are instrumental in strengthening the imageability of the urban structure. Imageability is defined by Lynch as the potential of a structure to produce a coherent, vividly identified, functional image [8]. In particular, the attributes of identity and structure of the imageable city are associated with the configuration and morphology of the network of paths. According to Lynch, identity refers to the recognizability of the object as a distinct element, while structure refers to the set of relationships between the object and the observer and between the object and other elements [8].



The proposed methodology combines Geographic Information System (GIS) analytic tools, space syntax tools, and a multi-criteria analysis within a framework that operationalizes the usefulness of a path in terms of its usability, accessibility, and legibility. The proposed tool addresses two aspects neglected within the research on cultural paths: the trans-scalar character of usefulness, conceptualized as the product of both intrinsic and extrinsic attributes of a setting, and the significance of configurational properties, measured via space syntax techniques in terms of the accessibility, identity of a path, and legibility of the spatial system.



Lastly, the proposed methodology—applied to the analysis of the historical district of Marina in the city of Cagliari (Italy)—supports planning and design processes in two ways: (1) by identifying street segments and open spaces comprising a network of thematic paths; (2) by individuating criticalities and potential objectives for strategic interventions aimed at improving the usefulness of the cultural paths network.



The proposed article is organized in five sections: after the introduction, a literature review on the usefulness of paths is presented. Then, in Section 3, the methodology encompassed in the PAST and the case study are presented. In Section 4 and Section 5, the results from the application of the PAST to the case study are presented and discussed. Finally, Section 6, Conclusions, summarizes the findings of the presented study and illustrates hypotheses for the future development of the research.




2. Literature Review on the Concepts of Usability, Accessibility, and Legibility


Paths, as spatial features organizing the image of the built environment and the relationships between the components of a historical urban area and its context, are central to urban policies of the preservation of cultural heritage [9,10,11]. Lynch [8] identifies paths as a formal category of the urban layout that affects the structure and the identity of the built environment and, thus, the imageability of the city. The latter, in turn, extends and deepens the grasp of the sense on the urban space, thus, responding to the need to understand how the environment affects emotional security, while providing the frame of reference for shared symbols and collective memories. Furthermore, imageability, as an affordance for spatial cognition, is conducive to experiencing sense of place (SoP). SoP is defined as the complex of beliefs, emotions, and behavioral commitment resulting in the perception of a setting as unique and significant [12]. The concept of sense of place is thus nested within the concept of place. The latter is defined as a zone where the meaningful representation of, and emotional connection to, settings and people can be formed [13]. The significance of paths in terms of the identity and structure of the imageable city entails a strong association between legible systems of paths and the intensity of SoP experience. Mc Cunn and Gifford [14] observe, in fact, that the amount of imageable components of the urban layout is associated with strong SoP experience. More precisely, for urban areas conducive to intense SoP experience, systems of paths emerge as the predominant urban element during cognitive map navigation. Furthermore, the potential of a setting to enable meaningful and intentional practices determines its significance as a place in terms of psychological, behavioral, and symbolic meaning. This potential is here referred to as usefulness. The concept of usefulness thus constitutes the foundation of the theoretical and methodological framework that we propose for analyzing the quality of cultural paths. The concept of usefulness is trans-scalar and multidimensional: multidimensional, since it embodies a usability dimension, an accessibility dimension, and a legibility dimension, and trans-scalar, since usefulness is conceptualized as the result of both intrinsic properties of the organization of an individual space, and of extrinsic properties related to the configuration of the urban structure and the organization of transportation networks [15]. With respect to the development of a comprehensive theoretical framework, a thorough exploration of the dimensions incorporated into the concept of usefulness is conducted by proposing a qualitative and operational definition of the concepts of usability, accessibility, and legibility.



2.1. Usability


Usability refers to opportunities for action embodied in the built environment. Four categories of opportunities are identified: (i) opportunities for walking, associated with the geometry—hence, the slope and width—of pedestrian facilities [16,17,18,19]; (ii) opportunities for being safe at intersections, related to the layout and distribution of cross-roads [18]; (iii) opportunities for feeling safe, associated with conditions of coexistence of vehicular and pedestrian traffic, resulting from street space design and regulation; and (iv) opportunities for resting and observing, related to the density, comfort, position, and prospect of primary seats [20,21].




2.2. Legibility


Legibility refers to the extent to which the component of a setting is recognizable and arranged in coherent patterns. According to Lynch, the identity of a path and its relevance within a vividly identified image of a spatial layout is affected by intrinsic and extrinsic properties. The identity of a path refers to the presence of unique elements, the concentration of distinct activities, or strong directional characterization determined by topographic or use gradients. Extrinsic attributes, on the other hand, refer to the relevance of the individual path as determined by its position within the spatial layout [22,23,24,25]. This aspect entails the relation between the path and the street network, and can be understood via the analysis of configurational properties [26,27].



Configuration is, in fact, defined as the set of relationships among parts, all interdepending in a global structure. Distance is the fundamental relation determining the structure of a spatial layout [26,28]. The configuration of a system of spaces can be investigated via techniques of syntactical analysis. The latter conceptualizes a spatial layout as an axial map, or a segment map or a visual graph [29]. The axial map represents a spatial layout as the set of the fewest and longest lines that intersect all the convex spaces within the system. The segment map represents a spatial layout as the set of sections of axial lines lying between two consecutive intersections [30]. The visibility graph represents a spatial layout as a set of inter-visible points in a human-scale grid connected in an undirected graph [31]. In particular, three aspects are herein considered: visual integration, through vision, and intelligibility. More precisely, visual integration is the visual distance from each space to all other elements in a spatial system, while intelligibility refers to the co-relation between local and global properties. In particular, intelligibility indexes the degree to which the number of connections from a path to contiguous spaces is a reliable indicator of the importance of that path in the whole system. Lastly, configuration is central to accessibility.




2.3. Accessibility


Accessibility, according to Geurs and Van Wee [32], is herein defined as the extent to which land use and transport systems enable individuals to reach activities or destinations by means of a combination of transport modes. More precisely, accessibility entails a location’s perspective. In particular, this conceptualization accounts for opportunities for reaching destinations embodied in the system of collective transportation networks, and in the configuration of the street network. Four attributes are thus considered: the distance from nodes of collective transportation networks, axial connectivity, segment angular integration, and choice. Connectivity is conceptualized as the number of streets intersected by a path. Integration is referred to as the normalized distance of an origin space to all other spaces in a system; integration, hence, describes the to-movement potential of a space [33]. Choice is defined as the probability that a space is comprised in the shortest or simplest routes from all spaces to all other spaces. Thus, choice measures the through movement of a space [34,35,36]. Choice and integration capture the two primary components of any movement and enable the understanding of the structural patterns related to circulation across cities. Furthermore, integration and choice can be measured at different radii from an origin space, focusing the spatial analysis on specific forms of movement. For instance, radii ranging from 400 to 800 m, representing 5 min and 10 min walks, are relevant for the analysis of patterns of natural pedestrian movement. Furthermore, choice, integration, and connectivity are centrality measures of network connectivity, corresponding to the topological properties of betweenness, closeness, and degree [37,38,39]. These are also identified as reliable indicators for determining the effect of street network topology on the city’s imageability [24].



The concepts of usefulness, usability, legibility, accessibility, and configuration thus comprise the theoretical framework embodied in the layout of the cultural path assessment tool, which is described in Section 4. In the next section, the reasons for selecting Marina District in Cagliari, Italy, as a case study are presented.





3. Selection of the Case Study


Cagliari is the political, economic, and cultural center of Sardinia Island: one of the 20 Italian administrative regions. Cagliari is located on the Southern coast of the island and forms the core of the Metropolitan City of Cagliari, a polycentric settlement structure comprising 17 municipalities and characterized by a complex pattern of communication and social dependence [40,41]. The significance of the Cagliari cultural landscape results from the stratification of intangible and tangible cultural components representative of different periods of the city’s history and vividly characterized by the relationship with the morphology and the hydrography of the territory. In the historical urban area of Cagliari, in fact, the built environment is clearly perceivable as a mosaic of synchronic presences and as a stratified diachronic palimpsest, where the natural substrate is interpreted as a territorial resource and where each topographic condition is an opportunity for different forms of anthropization.



The urban system is structured, in fact, by a system of elevations and natural areas by a system of wetlands, including the Saltworks, Molentargius Pond, and Santa Gilla Lagoon, and by the system of historical cores comprising the four districts of Castello, Marina, Stampace, and Villanova, and the rural hamlets constituting the original nucleus of the Municipalities of Pirri, Monserrato, Quartucciu, Selargius, and Quartu.



The growing recognition of the cultural significance of the historical landscape is expressed in the candidacy of Cagliari as the 2019 European capital of culture [42,43], and by his selection as the Italian capital of culture in 2015, and in the promotion of the widespread knowledge of the city’s cultural heritage through the “Monumenti Aperti” events (https://monumentiaperti.com/it). Furthermore, the growing awareness of the historical, aesthetic, scientific, social, and spiritual values embodied into the built environment is manifested by the adoption of planning documents, including the Detailed Plan for the Historic Centre [44]. These documents provide a normative, conceptual, and methodological framework for supporting interventions of the preservation and regeneration of the historical urban landscape, aimed at attributing novel functions and meanings to pre-existing urban structures. These interventions, in turn, encompass the ambition to transform the city through a new economic model based on the knowledge economy. Within this perspective, the Marina district emerges, as a component of the historical core, as a factor of identity and uniqueness in the generic context of the contemporary periphery. The Marina District (Figure 1) is characterized by a dense, compact structure, determined by the medieval layout based on the module of the gothic lot. The selection of the Marina District as a study area was determined by its spatial, structural, and cultural relevance, and by its demographic and social characteristics.



First, the Marina District (Figure 1) defines the Southern edge of the historical city and is the interface between the historical city, the contemporary city, and its infrastructural systems, and the waterfront [40,41,44]. More precisely, as the Gate of the City, Marina District represents a mediation structure between the historical port and the Acropolis, constituted by the Castello District. The Marina District, structured by the regular alignment of buildings along Roma Main Street and by the perspective axes generated by perpendicular streets (Baylle Street, Napoli Street, Porcile Street) relating the seaside and the Acropolis, is, thus, a central component of the distinctive image of the city of Cagliari. Furthermore, Marina is situated at the core of a system of cultural nodes, including the Municipal Palace, the regional council building, and the Manifattura Tabacchi (Figure 2). These nodes incorporate an exhibition space, a public art collection comprising sculptures and engravings by Costantino Nivola, which structures an articulated public space beneath the volume of the council chamber, and spaces for experimentation, innovation, and entrepreneurship in the sector of culture and creativity, respectively. Secondly, concerning social and demographic aspects, the Marina district is characterized by conditions associated with walkability. These include: (i) high population density equal to 12,258 in/km2, (ii) the diversity of functions and services, such as residential, political, and administrative functions, and commercial activities, encouraging a constant flow of people throughout the day; and (iii) the continuity of spaces partly or entirely closed to vehicular traffic [40,41].



In the following section, the results of the assessment of the sub-network of the most accessible routes are presented, and the usefulness of the selected cultural paths is analyzed.




4. Methodology


The proposed method combines space syntax techniques, geographic and spatial analytical tools, and qualitative indicators in a multi-criteria analysis framework that individuates segments comprising a network of cultural paths and assesses their usefulness. The utilization of spatial analysis techniques is an increasingly relevant aspect of research within the disciplinary fields of the conservation and valorization of the cultural heritage [45,46,47,48]. The methodology is articulated in five stages: (i) the selection and characterization of the case study; (ii) the identification of the tangible components of the cultural heritage; (iii) the individuation of the most central segments contiguous to significant cultural components; (iv) the definition of the network of cultural paths; (v) the data collection and calculation of indicators included in the cultural path assessment tool (PAST) (see Figure 3).



The selection and characterization of the case study included identifying a historical urban area, establishing its boundaries, and defining the unit of analysis.



The unit of analysis was the street, individuated according to spatial continuity and toponyms. Significant cultural components were identified according to categories of cultural significance defined by the “Detailed Plan” for the historical center of Cagliari [44]. Cultural significance is defined as the sum of historic, aesthetic, scientific, social, and spiritual values embodied into a place [11]. According to this definition, urban elements included in categories within the framework of the detailed plan for the historical center of Cagliari were selected as significant tangible cultural components of the urban area. The categories IA1 and IB1, in fact, refer to buildings of cultural and historical relevance, whose typology, artistic, and architectural expressions, morphological attributes, and construction technologies are significant and worthy of preservation [44]. These buildings included monumental structures and buildings with specialized public or public interest functions, whose use and typological characteristics were strongly related to their historical and architectural attributes. Then, in stage three, the most central segments were identified by measuring the normalized angular choice with a radius of 800 m (NACH 800 m) and selecting paths across the Marina District with a NACH 800 m superior to the average measured value, equal to 1.0045. The normalized angular choice within an 800 m radius measured the probability that a path or a street segment was to be passed along the shortest routes from all spaces to all other spaces comprising a network within a 800 m radius from the analyzed space, Then, in stage four, the system of cultural paths was identified among the paths identified in stage three by utilizing topological analysis tools embodied in the QGis platform. Firstly, a 20 m buffer area was calculated around the most central paths; then, buffer areas overlapping significant cultural elements were identified. Lastly, in stage four, the street segments corresponding to the identified buffer areas were selected as the primary components of the network of cultural paths. Lastly, in stage five, selected paths were assessed via the cultural paths assessment tool (PAST) and the index of the usefulness of cultural paths was calculated. Data related to the distribution of collective transport nodes, topography, cultural heritage, and geometric characteristics, layout and design of street segments, and pedestrian surfaces were collected from the Territorial Information Systems of Sardinia and of the City of Cagliari, the open street map geographic database, street level imagery services, and satellite imagery services. The cultural paths assessment tool included qualitative and quantitative, spatial, and syntactic indicators, organized into three categories: (i) functional usability; (ii) accessibility; (iii) legibility (see Table 1). For each category, a synthetic indicator was determined by calculating the arithmetical average of the normalized values of the pertinent partial indicators.



The category indicators were then aggregated into an index of the usefulness of cultural paths (IPAST). The latter was calculated as the average of the values of the synthetic indicators of functional usability (IF), accessibility (IA), and legibility (IL) (Figure 3 and Figure 4).



The calculation of the IPAST index thus embodied a compensatory approach, where the overall effect of a deficiency referred to a specific property of a space could be mitigated by the advantages related to different attributes [15,16,17,19,22,40]. An index of usefulness for the whole network was then calculated as the average of the mean values of the indicators of functional usability (IF) and accessibility (IA) and of a weighted indicator of legibility (IL). The weighted indicator of legibility was calculated by multiplying the mean value of the indicator of legibility by a measure of intelligibility.



Further explanation is required for spatial and syntactic indicators. The indicator access to transport nodes was measured by calculating the shortest paths from a specific setting to all transit nodes.



For each analyzed setting, the set of shortest paths was determined via the point to layer network analysis tool. The center of the mass of each setting was set as the origin point and endpoints corresponding to transport nodes, and were grouped into a point-layer, which was set as the destination layer. The center of mass was determined via vector analysis tools by calculating the mean coordinates of the geometric feature representing the analyzed space.



For each path, a cost, corresponding to the distance, was measured. This cost value was then converted into a proximity variable conceptualized as the complement of the normalized cost. The latter was measured via a linear value function with pre-set minimum and maximum values. The maximum value was set at 800 m, and the minimum value was equal to 50 m. The maximum value corresponded to a significant distance utilized within the syntactic spatial analysis to investigate pedestrian natural movement [23,30,31]. On the other side, the minimum value was set to compensate for different factors, including: (i) errors in determining the position of destination points; (ii) tolerances set for the calculation of the shortest paths; (iii) effects of selecting the center of the mass of the analyzed space as the origin point of all paths. The normalized angular choice measured the through movement potential of a path. The normalized choice was calculated by dividing the choice value of a segment by its total depth. The resulting equation [23] was:


NACH = logCH + 1/logTD + 3











Normalized angular choice compensated the distortion on choice values determined by segregated patterns. Segregated designs, in fact, tended to determine an increase of total and average choice across the system. Normalized angular integration, on the other hand, measured the to-movement potential of a space, resulting from its distance, in terms of angular deviations, from other spaces in a system. The normalized variable measured the relationship between the optimization of travel distance embodied in an urban system and the cost of segregation determined by the size of the system itself. The resulting equation [23] was:


NAIN = NC^1.2/TD;








where NC is the node count and TD is the total depth of the i-th segment.



NACH (or normalised angular choice) and NAIN (or normalised angular integration) were calculated with a 2000-m radius. This value was identified as a significant distance for the study of pedestrian densities by Dhanani et al. [30].



Connectivity is a local configurational measure expressing the number of axial lines intersected by the analyzed line. For spaces represented by more than one geometrical feature, the value of the topological variables, angular choice, normalized angular integration, and connectivity were calculated as the average of the values measured for each related geometry.



With respect to legibility indicators, visual integration represented the visual distance from all nodes in the visibility graph to all others. Lastly, through vision was representative of the number of inter-visibility lines intersecting a node in a visibility graph. Thus, through vision was herein conceptualized as an indicator expressing the centrality of a space within a system [10,12,14,34,35,36].



The value of the visibility indicators considered for each space was calculated as the median of the values comprising the superior intervals that included 10% of the points in the grid covering the analyzed space. The origin points of the inter-visibility lines across a space were defined by a regular grid superimposed to the spatial layout. The grid resolution, determining the spatial interval among points, was set equal to 2 m. This measure resulted from the need to use a human-scale grid spacing, representative of the human usage of the environment and from the limits determined by the available computing capacity.



Partial indicators, synthetic indicators, and the usefulness index were expressed by a value ranging from 0 to 1, where 0 indicated the least condition and 1 the optimal condition of a space in terms of a specific environmental determinant of usefulness. For each index, measures of central tendency (mean and median) and measures of dispersion (standard deviation, inter-quartile range) were calculated (See Table 2).



Quantitative partial indicators were normalized via value functions based on the fuzzy logic principle [16]. Fuzzy logic expresses the degree of truth of a statement related to a condition of an element as a value ranging from 0 to 1, where 0 indicates that the analyzed condition is not verified by the element, 1 indicates that the analyzed condition is completely satisfied by the element, and an intermediate value indicates that the analyzed condition is partially satisfied. Hence, value functions convert the value of an indicator in a value ranging from 0 to 1 in relation to pre-set minimum and maximum values. With respect to qualitative indicators, for each variable, an assessment scale ranging from 0 to 1 was determined. Each value within the scale was associated with a pre-defined observable condition [15,17,19,23,40,49,50].



The results from the application of the PAST were presented and discussed in Section 4 and Section 5.




5. Results


The assessment of the network of cultural paths within the historical district of Marina underlined acceptable levels of usefulness. The values of the index of the usefulness of cultural paths (IPAST), in fact, ranged from a minimum of 0.43 determined for Giovanni Maria (G.M.) Dettori Square, corresponding to a condition of inadequate usefulness, to a maximum of 0.74 measured for Roma Street, thus, indicating good quality of the public space. More precisely, three paths were assessed as inadequate, thus, characterized by an IPAST lower than 0.50, fourteen paths as adequately useful, with values of the IPAST ranging from 0.51 to 0.65, and two as good, with values of IPAST ranging from 0.66 to 0.85. With respect to measures of central tendency, the mean was equal to 0.58 and the median to 0.60. On the other hand, indicators of dispersion, including standard deviation and interquartile range, were equal to 0.07 and 0.12, respectively, thus, indicating the homogeneity of the paths analyzed in terms of usefulness (see Table 2 and Figure 5).



With respect to the synthetic indicator of usability (IF), the analysis revealed conditions ranging from inadequate for Regina Margherita Main Street, with an IF equal to 0.45, to good, for G.M Dettori Street, with an IF equal to 0.85. More precisely, five paths had scores less than or equal to 0.50, corresponding to inadequate conditions of usability, six had values ranging from 0.51 to 0.65, indicating the acceptable usability of the public space, and eight presented values included in the interval 0.66 to 0.85, corresponding to good usability of the public space. With respect to central tendency measures, the mean was equal to 0.62 and the median to 0.65, thus, indicating a general acceptable usability of the spaces comprising the network of cultural paths. On the other hand, the Inter-quartile range (IQR), equal to 0.20, and the standard deviation, equal to 0.12, represented a relevant difference among the analyzed spaces in terms of embodied opportunities for meaningful actions (see Figure 6).



The results also presented adequate conditions of accessibility, measured by the IA indicator, underlined by the mean equal to 0.64, and the median, equal to 0.63. The minimum value was equal to 0.54, representing adequate quality, and it was calculated for Del Collegio Street (see Figure 7).



The maximum was equal to 0.84 and it was calculated for Roma Main Street. The latter, thus, could easily be reached by means of public transit. In general terms, 15 paths were adequately accessible, and four were significantly accessible. The interquartile range and the standard deviation, equal to 0.07, revealed marginal differences across the analyzed spaces in the topological and spatial attributes related to accessibility. Within the category of accessibility, an interesting finding concerned the indicators’ angular segment integration and angular segment choice. The former underlined the adequate relevance of the cultural paths as a destination within a 2000 m radius. The mean was equal to 0.61, and the observed values ranged from 0.47, corresponding to a limited accessibility, measured for G. M. Dettori Street, to 0.81, measured for Roma Street and corresponding to good accessibility.



The values of the interquartile range (=0.10) and standard deviation (=0.09) revealed a significant homogeneity in terms of structural importance within the spatial layout among the analyzed paths. The angular segment choice, on the other hand, revealed that the analyzed paths presented elevated betweenness centrality. The mean was equal to 0.77, corresponding to relevant through-movement potential, and the observed values ranged from 0.69, measured for L. Baylle Street, to 0.95, measured for G. Manno Street, indicating pre-eminent centrality. Furthermore, the interquartile range, equal to 0.08, and standard deviation, equal to 0.07, revealed that the selected set of cultural paths formed a homogeneous secondary network of paths, delimited by four central streets—Roma Street, Carlo Felice Boulevard, Manno Street, and Regina Margherita Boulevard—that were likely to maximize natural movement.



Lastly, the legibility of the selected cultural paths was inadequate, with a mean value of the indicator of legibility equal to 0.49 and a median equal to 0.52. More precisely, the observed values ranged from 0.26, representative of an inadequate imageability of the setting, measured for G. M. Dettori Square, to 0.83 measured in Roma Street and in Carlo Felice boulevard, indicating a legible environment (see Figure 8).



Nine paths presented values of the legibility indicator comprised in the interval 0.26–0.50, indicating an inadequately legible environment, eight spaces were adequately legible and presented values of the index of legibility (IL ) comprised in the interval 0.51 to 0.65, and two present IL values comprised in the interval 0.66 to 0.85, indicating a structured and vividly identified spatial layout. With respect to measures of dispersion, the standard deviation, equal to 0.16, and the interquartile range, equal to 0.25, indicated a significant difference across the network of cultural paths in the topological, morphological, and functional attributes related to legibility.



In particular, the visual integration indicator revealed an average condition of limited integration (mean equal to 0.41). The values observed a range from 0.10, indicating a segregated space measured for Torino Street, to 0.9, measured for Roma Street and Carlo Felice Boulevard, indicating an integrated space. Measures of dispersion—particularly standard deviation—equal to 0.20 indicated a significant heterogeneity in terms of visual distance from each path to all other spaces within the system.



Finally, the correlation between local and global configurational properties was moderate (R2 = 0.52) and determined the intelligibility of the network of cultural paths. Local properties were measured by axial connectivity, while global properties were expressed in terms of axial integration. The index of usefulness for the whole network (IPAST Global) was equal to 0.50, thus, indicating a general adequate quality of the network of culturally significant paths.



In the following section, the results obtained from the application of the PAST are thoroughly discussed, and the most relevant criticalities, along with pertinent high-leverage interventions, are identified.




6. Discussion


The results presented in the previous section underline different issues and objectives for interventions of urban renewal and regeneration aimed at increasing the usefulness of the culturally relevant paths and their structural importance as tools that organize the image of the historical urban landscape. With respect to the usability dimension, two frequent criticalities are observed: the spatial competition between outdoor individual and collective practices and vehicular flows, particularly along secondary paths; and the inadequacy of public space seating. Good seating, lighting, and high-quality landscaping encourage informal/stationary activity and embody central affordances for resting and for engaging with the public space, particularly for the elderly. As observed by Gehl [21], comfort, distribution, and the prospect of primary seats affect people’s propensity to stay in a space. In particular, seats positioned along structured spatial boundaries offer a repaired space and a microclimatic niche and afford the observation of the distinct, unique elements of the urban landscape, or engagement with activities across the public space. This pattern of affordances is thus central to the quality of a seat and to the likelihood of people utilizing it. Nevertheless, primary seats in the area of study were few, distant from active façades, not supported by the border effect engendered by the closeness to structured edges, nor enriched by the opportunities to observe outdoor individual or collective practices or interesting scenery [20].



Furthermore, the conflict between outdoor activities and vehicular flows and the morphology of secondary, segregated paths urges for a different layout of the street space based on two criteria: reducing the presence of vehicles and shaping a robust and minimal space that multiplies the opportunities for different practices and spatial appropriation.



With respect to the accessibility dimension, the limited connectivity emerges as the most relevant weakness, limiting possibilities of choosing between alternative routes. The aspect of connectivity is associated by Jane Jacobs [51] to the capillary spatial distribution of collective practices, services, and economic opportunities, which results in a permeable structure from the multiplication of points of intersection among paths of people moving towards different destinations. In general terms, the improvement of connectivity would result in increased accessibility across the spatial layout and, thus, in reinforcing the integration of segregated street segments and public spaces within the network of cultural paths. Furthermore, the compact structure of the Marina District and, thus, its limited permeability, limit the possibility for a project of the void aimed at increasing the permeability of the urban structure [52]. Increasing permeability, in turn, engenders a process of grid-intensification, which determines increased inter-accessibility, and, consequently, reinforces the relevance of a location as a center, and its capacity to accommodate inter-dependent activities [35,53]. Finally, with regard to the legibility dimension, the results underline the visual segregation and marginal centrality of paths comprising the background network, delimited by the ring of integrated and legible paths. Consequently, the utilization of symbolic tools at decision points [8] and the reinforcement of the identity and continuity of spaces could improve the legibility of segregated streets and the capacity of the network of cultural paths to produce a coherent, functional, and vividly identified image of the urban landscape. Decision points can be identified via visual analysis by measuring the clustering coefficient within a visibility graph. In this type of graph, each node corresponds to a location in a space and each arc to a relation of inter-visibility [30,54]. The clustering coefficient calculates the degree to which two points visible from a location are themselves inter-visible. Low values of the clustering coefficient identify junctions or decision points—thus, locations where visual information changes significantly.



Furthermore, the identity and continuity of a path can be reinforced by emphasizing the directional adjectivization determined by a gradient, by organizing sequences, by inserting distinct elements, or by strengthening terminal points. A gradient is defined as a regular change in an attribute, which intensifies along a direction. Furthermore, regular sequences of architectural elements or the continuity of surface material and textures can reinforce the legibility of a path, while distinct elements and landmarks can support spatial navigation, reinforcing the decision point and establishing confirmation signs [8]. Distinct elements are defined as elements characterized by a unique and memorable attribute differentiating them from the context. The uniqueness of an element is determined by intelligible, non-regular shape, spatial pre-eminence and by figure-ground tension.



In general terms, the results underline the need to project the relationship between the layout of the public open space and individual and collective practices, emphasizing the conceptualization of the public space as an infrastructure supporting different meaningful experiences and behaviors. This objective implies a spatial design based on concepts of complexity and void. Complexity entails an inclusive and unifying structure that encompasses attributes of heterogeneity and ambiguity, conducive to contradictory and pluralistic practices, and attributes of identity and structure determining functional and vividly individuated images of the environment conducive to the simplified and extended grasp of sense on the context and to the experience of emotional connection [8,55,56]. The concept of void refers to a collection of heterogeneous spaces across scales, which includes leftovers, infrastructure, natural areas, and open spaces, and is central to an architectural project of the public space summarized in the concept of the project of the ground. The ground is thus conceptualized as a thick and plastic material that can be shaped to produce heterogeneous and contiguously connected spatial situations, establishing the physical support for different individual and collective practices [57,58]. The ambiguity and indeterminateness of the public space thus emerge as central characteristics, embodying opportunities for people to invent different forms of coexistence and comfort.



In the subsequent section, the findings of the presented study are summarized and a perspective for the development of the research is outlined.




7. Conclusions


The analysis of the case study indicates that the theoretical and methodological framework embodied in the PAST can support the urban planning and design process in two ways: (i) individuating a network of culturally relevant paths that connect significant elements of the historical urban landscape; (ii) identifying criticalities and high-leverage interventions for enhancing the usefulness of cultural paths. Hence, PAST addresses the need for analytic frameworks that support decision-making processes by identifying and measuring environmental variables that affect individual behavior and collective practices.



In particular, the methodological framework addresses two aspects central to the analysis of the quality of the public space: the combination of qualitative and spatial and topological quantitative indicators; and the combination of indicators measuring intrinsic and extrinsic attributes of spaces within a multi-criteria analysis framework. This approach operationalizes the quality of the public space—hence, its potential to affect individual and collective practices—as the product of different variables: composition, the functional organization of spaces, the organization of the collective transport system, identity, structure, and the configuration of the spatial structure of the city.



Nevertheless, the future development of the methodological framework will address three criticalities that emerged during this initial research. The first issue concerns weighting the indicators and sub-indicators according to their context-specific relative importance. The latter depends on the specific behavior selected as the dependent variable within the model and on individual and socio-economic factors characterizing the case study. Consequently, the methodological framework will encompass decision-making techniques based on the analytic hierarchy process (AHP) for engaging stakeholders in complex decisions related to the selection and prioritization of environmental variables and pertinent indicators.



The second aspect concerns the analysis of the co-relation between measures of usefulness obtained from the PAST and actual patterns of movement and co-presence across the public space. Consequently, the methodological framework will encompass a validation stage for investigating patterns of individual and collective practices and experiences. By analyzing the data collected from map-based surveys conducted via a public participation geographic information system (PPGIS) and volunteered geographic information (VGI) tools.



Consequently, the modular structure of the methodological framework, along with the utilization of AHP techniques and PPGIS tools for understanding the patterns of individual and collective practices and for strengthening public participation, will allow for the adaptation of the proposed methodology in the analysis of spatial practices across different contexts, while enhancing the relevance, predictiveness, and validity of the index of usefulness, and empowering citizens to co-create the city. In this respect, an improved PAST tool could establish a relevant framework for strengthening urban policy, governance and planning actions, and decision-making processes by offering insight into the compositional, topological, and functional attributes of the physical environment affecting behaviors and idiorrhythms of subjects belonging to different urban populations [52,55,59].
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Figure 1. The case study: Marina District in Cagliari, Italy. The figure is based on the editing via Geographic Information System (GIS) tools of data retrieved from the Territorial Information Systems of the Sardinia Region and of the City of Cagliari. 
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Figure 2. The case study: relevant spaces and focal point of the Marina District, Cagliari. 
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Figure 3. Articulation of the five stages of the methodological framework. 
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Figure 4. Calculation of synthetic indicators and of the IPAST indicator. 
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Figure 5. Distribution of values of the IPAST indicator across the network of cultural paths. 
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Figure 6. Distribution of values of the IF indicator across the network of cultural paths. 
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Figure 7. Distribution of values of the IA indicator across the network of cultural paths. 
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Figure 8. Distribution of values of the IL indicator across the network of cultural paths. 
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Table 1. Indicators and sub-indicators included in the cultural Paths ASsessment Tool (PAST).
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Category

	
Category Indicator

	
Opportunities

	
Environmental Independent Variable

	
Indicator

	
Sub-Indicator






	
Usability

	
IF

	
Moving

	
Compositional properties of pedestrian facilities

	
Geometry

	
Width, Slope




	
Being safe at intersections

	
Configuration of intersection

	
Barrier effect

	
Crossing type, desire Lines




	
Feeling safe

	
Road space design

	
Coexistence

	
number of lanes, AND speed limit; parking regulation




	
Resting and observing

	
Presence, distribution, and position of seats

	
Quality of seats

	
Number of seats (n/100 m); comfort; position; prospect




	
Accessibility

	
IA

	
Decision among alternative routes

	
Configuration

	
Degree of centrality

	
Axial Connectivity




	
Access to collective transport

	
Layout of the network of collective transportation

	
Normalized Distance (D) cost of path center of mass i from collective transport node j

	
Su = MAX [1-Dij − 50)/(800 − 50)]




	
To-movement potential of spaces

	
Configuration

	
Closeness Centrality

	
Normalized Angular Integration r = 2000 m




	
Through-movement potential of spaces

	
Configuration

	
Betweenness Centrality

	
Normalized Angular Choice r = 2000 m




	
Legibility

	
IL

	
Recognizing a space as unique

	
Identity

	
Presence of distinct elements

	
Public art, ruins, landscaping; distinctive buildings (historical/not regular profile); major landscape feature (visible);




	
Recognizing a coherent pattern

	
Directional characterization

	
Gradient

	
topographic gradient (binary evaluation); use gradient (binary evaluation)




	
Spatial navigation

	
Configuration

	
Centrality

	
Through vision




	
Intervisibility

	
Configuration

	
Closeness

	
Visual integration




	
Usefulness

	
IPAST

	
Meaningful and intentional practices

	
Psychological, behavioral, and symbolic meaning

	
Arithmetic average of the values of the indicators IF, IA, IL
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Table 2. Values of the Indicators IF, IA, IL, and IPAST.
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	Cultural Paths
	IF
	IA
	IL
	IPAST





	Carlo Felice Boulevard
	0.45
	0.73
	0.83
	0.67



	Ludovico Baylle Street (A)
	0.60
	0.65
	0.55
	0.60



	Ludovico Baylle Street (B)
	0.77
	0.58
	0.34
	0.56



	G.M. Dettori Street
	0.85
	0.56
	0.52
	0.64



	Napoli Street
	0.65
	0.64
	0.43
	0.57



	San Sepolcro Square
	0.70
	0.57
	0.52
	0.60



	Barcellona Street
	0.68
	0.59
	0.52
	0.60



	Sant’Eulalia Street
	0.54
	0.59
	0.34
	0.49



	G.M. Dettori/ Scale S. Teresa
	0.47
	0.56
	0.26
	0.43



	Square
	
	
	
	



	V. Porcile Street
	0.47
	0.65
	0.60
	0.57



	Torino Street
	0.50
	0.63
	0.44
	0.52



	Regina Margherita Street
	0.45
	0.75
	0.62
	0.61



	G. Manno Street
	0.65
	0.70
	0.59
	0.65



	Roma Street
	0.56
	0.84
	0.83
	0.74



	Sardegna Street
	0.75
	0.61
	0.50
	0.62



	C. B. Cavour Street
	0.67
	0.65
	0.27
	0.53



	Dei Pisani Street
	0.67
	0.62
	0.27
	0.52



	del Collegio Street
	0.63
	0.54
	0.37
	0.51



	Savoia Street
	0.76
	0.64
	0.52
	0.64



	Mean
	0.62
	0.64
	0.49
	0.58



	Median
	0.65
	0.63
	0.52
	0.60



	Standard Deviation
	0.12
	0.07
	0.16
	0.07



	Interquartile Range IQR
	0.20
	0.07
	0.25
	0.12



	IPAST Global
	
	
	
	0.50
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