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Abstract: The present study provides a reflection on the agent-based intelligence of urban spatial
environments through the comparison of a formal quantitative approach, i.e., space syntax, and a
qualitative experimentation based on the spatial cognition approach. Until recently, space syntax was
adopted by urban planners and designers to support urban design and planning decisions, based on an
analysis of the urban physical environment. Researchers in the cognitive science field have increased
their attempts to address space syntax techniques to better understand the relationships of cognitive
spatial agents with the spatial features of urban environments. In this context, the experimental
approach focuses on the qualities of the environment as interacted, perceived and interpreted by
cognitive agents and reflects on the role which it plays in affecting spatial decisions and route choices.
The present paper aimed to explore the extent to which possible integration between the different
approaches can provide insights on agent-based decisions in actions and behavioural processes in
space for useful perspectives in urban analysis and planning. Findings suggest relevant correlations
between the experimentation results and space syntax predictions when a correspondence of some
aspects can be found. Conversely, interesting qualitative insights from the spatial cognition approach
are pointed out to enrich the configurational analysis. The potential and constraints of each approach
and the ways of combining these are presented. Evidence supports the suitability of the proposal
outlined in the present paper within the framework of urban planning practice.

Keywords: space syntax; spatial cognition; urban planning practice

1. Introduction

Until recently, the aspects of spatial cognition activated by agents using common spaces have
been addressed with increasing interest by research activities on the use and organization of space
environments [1–3].

In particular, environments with high complexity have represented an arena of significant
possibilities for further study in this context, as traditional models of analysis and interpretation
have proven to be insufficient to develop adequate knowledge and support operationally effective
decisions. Representative examples are related to situations in which the understanding and
conceptualization of spaces is typically multidimensional, dynamic and fuzzy. This was due to
the relevant significance expressed not only by the physical space itself, but also by the interpretations
given by the agents who—more or less permanently and frequently—interact with this space, thus
indissolubly characterizing it.

Typical examples are places with a great concentration of agents, where spaces take on variable
geometries and configurations, expanding and/or tightening as a consequence of the relationships that
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take place between the agents and their interaction space. For example, scholars have studied, with an
increasingly refined and profound focus, the ways in which evacuations from buildings are affected by
dangerous events that take place. In such cases, the characterization of escape spaces is dynamically
dependent on the interpretations of the space by agents mutually stimulated (and/or influenced) by
the behaviours of a multi-agent situational context [4]. Again, regarding the use of confined spaces,
there are interesting and more consolidated studies on the best characterization and organization
of the common spaces of buildings intended for a continuous presence of agents, for example
for purposes of cultural or health visits, such as museums, churches or healthcare facilities [5,6].
At the other extreme, the conceptualization of spaces with a low or very low presence of navigating
agents also arouses considerable interest. Traditionally considered an undifferentiated or basically
uninteresting profile, its characters are instead essential, for example, in needs of spatial orientation
(oceans, deserts, large spaces or fields of the agricultural landscape etc.), or of selective enhancement
to set up spaces of tourist/exploratory/recreational type (for example in large and increasingly
frequently protected environmental areas) [7–9]. However, it is not difficult to imagine that the most
representative compendium of this spatial complexity is today easily identifiable in the urban settlement.
Multifaceted spatial problems coexist in cities, concerning the organization and conceptualization of
spaces, the multiscale value and relevance (building–block–neighbourhood–city–territory) of spaces,
the behavioural variability of agents in the use of spaces and so on. They often resolve into a multiple
and non-univocal spatial configuration, in which physical and geometric characters constitute just one
of many attributes—yet often controversial despite its statutory evidence [10–12].

In the city, research on spatial cognition has proved essential for highlighting and analysing
aspects of complexity, which are intrinsic to the city itself and of great importance for supporting
informed spatial decisions. Having entered through models and tools to support navigation and
geographic/tourist orientation (map-based navigation apps) [13,14], studies on the conceptualization
of spaces has been gradually targeted towards supporting the organization and even the planning
of urban spaces and voids. The study of space syntax, on which part of our research effort is based,
originated just as a formalized methodology of rich and the intelligence-based analysis of spaces within
a built environment. From the seminal works of Hillier [15,16] to the most recent and sophisticated
elaborations in the intricate historical centres of European cities [17,18], space syntax allows the
identification of aspects of spatial configuration, typically transparent in a traditional spatial analysis.
These refined formalizations, however, have an eminently (if not exclusively) geometric physical
type and nature, which often show limits in relational, perceptive and interpretative terms. Instead,
these terms constitute an essential character of an entity intrinsically signified by attitudinal and
behavioural elements such as the city. In this context, but still in the wake of cognitive research on
space, less formalized and more qualitative analysis find useful place. While showing limitations in
terms of the management of informal, fuzzy analytical data, qualitative analyses are able to investigate
the complex characters of the urban space environment in a less behaviourally abstract way. These
are often experimental analyses that make extensive use of statistical probabilistic mathematics,
but which increasingly tend to use complex modelling formalization approaches, such as foundational
ontologies [19,20].

The reflection carried out in the present paper is part of this framework. It is aimed at investigating
the potential for comparison and integration between a remarkably formalized methodological
approach, attributable to the space syntax analysis, and a more qualitative approach based on the
wider field of research of spatial cognition. Yet it is clear that these are not mutually alien approaches,
being the cognitive character represented by the Space syntax itself, albeit at the lower level of general
perceptiveness, visibility and intelligibility [21,22]. The reflection was developed with an application
approach, using an experimental research field started within the spatial planning courses of the
Engineering School of the Polytechnic University of Bari (Italy). The experimentation was carried out
in the Bari case study.
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The structure of this paper is organized as follows. The present section introduces the research
domain to address the importance of using an agent-based analysis of human behaviour in space to
support urban planning and design, outlining the relevant literature. The second section presents the
rationale for this work with a methodology and case study description. Then, in the third and fourth
section, both approaches were developed and outputs were presented. The fifth section compares the
results and discusses the extent to which the approaches might be coherently combined. Finally, some
implications for urban planning and design are discussed, by pointing out perspectives in the area of
models of knowledge management to support decision making. Future outlooks of this study end up
in the paper.

2. Research Objectives and Case Study Description

The aim of the present paper was to investigate the extent to which a formal space-syntax-based
approach and a more qualitative spatial-cognition-based approach show possible features of integration
from a spatial planning and/or design support perspective.

To this end, an analysis with space syntax methodology and an experiment using the spatial
cognition approach, of the same urban area located in the Murat district in the city centre of Bari
(Italy), were carried out. Bari is the principal city of the Apulia region in southern Italy (Figure 1).
It is measures 117.38 km2 with a population of 324,198. This paper studied its Murat neighbourhood
(Figure 2).
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The Murat district is a square model of Roman derivation and is characterized by regular blocks
of perpendicular streets. It was built close to the historical district at the end of the eighteenth century,
following Bourbon reform policies for the city as a further expansion of the original urban layout.

The plan of the new district aimed to increase the quantity of residential units. On the main
street, Corso Cavour, one block was designated for the theatre, another for the chamber of commerce
and others for buildings of historical and architectural value. Around the middle of the century,
the development of the railway alongside the streets of the Borgo became an artificial limit to building
progression. Nowadays, the district’s activity is focused on the main street of Corso Cavour, along
which there is the historical Petruzzelli Theatre and the adjoining Corso Vittorio Emanuele, in which
there are important buildings such as the Town Hall and the Niccolò Piccinni Theatre.

For this study, the Murat neighbourhood was selected in order to understand how pedestrians
choose alternative routes to a destination in this morphologically well defined grid with low spatial
differentiation, which suggests that from a topological point of view, all the roads should have almost
equal preference among pedestrians [23].

The applied space syntax approach utilizes quantitative graph-based descriptors of the topological
form of urban settings to quantify the relationship between the pedestrian movement densities
and the spatial structure, i.e., to predict the pedestrian distribution of movement around cities.
The configurational analysis relies on the possible observation that rates of pedestrian flows are affected
by the permeability of the configuration of the urban street network [24]. Accessibility is the main factor
of navigational choice according to the general principle to which the more a space is accessible and
connected to every other space in the system, the more it tends to attract people. Thus, it is possible to
approximate potential pedestrian movement flows on streets merely by analysing the configurational
organization of the network of walkable space.

This mathematical a-priori analysis of the form of the built environment offers an interpretation
of its prescribed social effect, e.g., spatial occupation. It provides an interesting point of contact with
the approach based on spatial cognition a-posteriori analysis. This, on the other hand, focuses on
the individual’s self-motivated path choices through the environment. This last topic was recently
investigated for various aspects by our research group (see e.g., [25–27]).

To evaluate the descriptive capacity of spatial use, derived from the configurational analysis of the
urban layout, an experiment involving 100 students of the Polytechnic University of Bari was carried
out. They were asked to freely explore the area recording their routes using a mobile digital tracking
app on personal smartphones. The tracing was stopped when the participants reached a predefined
target destination. Moreover, to fully understand their cognitive responses to the urban surroundings,
after the outing they were also asked to fill in a post-experimental survey (PES).

The results obtained were analysed and discussed in the context of a spatial cognition approach,
where participants were intelligent and active agents in their choice of direction and the elements of
the urban environment were understood as perceived by them. The issues that were investigated were
the patterns of movement, possible mutual relationships among routes in terms of spatial behaviours
and cognition, and the reasons for the agent preferences of space proxemics, e.g., the presence of
other agents.

The objective of the spatial cognition methodology was not only to understand the spatial
decision-making process at the individual level, but also to sketch out the collective flow of dynamic
patterns during an exploratory walk in a path defined by only two points. Indeed, the results were
analysed at a cumulative or significatively clustered scale to build a comprehensive description of
pedestrian movement in the public area under study and to allow for a meaningful comparison with
the configurational analysis. Besides the focus on the determination of what and how contextual
factors influenced pedestrian movements, of interest was the understanding of whether the perception
of urban space was affected by the time of users’ movements, where each time is associated with
different environmental conditions, such as lighting and temperature. The time period refers also to
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the risk associated with navigating the environment at different times of the day to verify if for some
reason, e.g., poorly lit streets, as this increases the perception of risks and these are thus avoided [28].

Where a possible correspondence between both the spatial behaviour observation and the space
syntax mapping emerges, then a role of spatial structure itself and its accessibility in promoting certain
spaces to be more conducive or hostile for human use and interaction was considered. For instance,
streets suffering from both visuo-geometrical (syntactically legible) segregation and low navigation
attraction, may suggest significant levels of social misuse for participants, where antisocial behaviour
and criminal activities are more likely to occur. Instead, where less correspondence was found, further
investigation was carried out with the aid of the surveys to identify other external attractors as well as
deterrents in the environment.

3. Space Syntax Application

The space syntax analysis was applied to the study of the urban planimetry of the area of interest,
which consisted of a network of walkable spaces made up of a series of interconnecting street paths
and public spaces for users. Hence, from the topological configuration of the grid, the reciprocal
relationship between its street segments was revealed, e.g., the measurement of the accessibility of each
component with respect to all others and the hierarchies, which in turn demonstrate the conditions
for pedestrian flow rates [29]. The pace syntax application consisted of four steps: (i) axial analysis,
(ii) integration index mapping, (iii) intelligibility calculation and (iv) choice mapping.

3.1. Axial Analysis

The configurational analysis started with the axial analysis applied to the urban grid of our case
study and which was elaborated using depthmapX software (version 0.5b, https://varoudis.github.io/

depthmapX/). Thus, the Murat neighbourhood of Bari was firstly automatically decoded as an axial
map Figure 3a, consisting of the set of the minimum number of continuous axial lines, where each one
was the longest straight line of sight with which it was possible to cover the entire space layout [15].
The axial map was built to represent the urban area through the structure of its street network, which
was explicitly described as a discrete spatial configuration where the reciprocal interaction between
these lines revealed the system relationship. To perform numerical evaluations, the axial map was
converted into an axial graph in which each node was an axial line and each edge was an intersection
between them. With this derivative formalization, it is possible to account for the component units in
which the continuous nature of space is decomposed, and evaluate their mutual relationships using
graph-based methods.

Sustainability 2020, 12, x FOR PEER REVIEW 5 of 17 

instance, streets suffering from both visuo-geometrical (syntactically legible) segregation and low 
navigation attraction, may suggest significant levels of social misuse for participants, where antisocial 
behaviour and criminal activities are more likely to occur. Instead, where less correspondence was 
found, further investigation was carried out with the aid of the surveys to identify other external 
attractors as well as deterrents in the environment. 

3. Space Syntax Application 

The space syntax analysis was applied to the study of the urban planimetry of the area of interest, 
which consisted of a network of walkable spaces made up of a series of interconnecting street paths 
and public spaces for users. Hence, from the topological configuration of the grid, the reciprocal 
relationship between its street segments was revealed, e.g., the measurement of the accessibility of 
each component with respect to all others and the hierarchies, which in turn demonstrate the 
conditions for pedestrian flow rates [29]. The pace syntax application consisted of four steps: (i) axial 
analysis, (ii) integration index mapping, (iii) intelligibility calculation and (iv) choice mapping. 

3.1. Axial Analysis 

The configurational analysis started with the axial analysis applied to the urban grid of our case 
study and which was elaborated using depthmapX software (version 0.5b,  
https://varoudis.github.io/depthmapX/). Thus, the Murat neighbourhood of Bari was firstly 
automatically decoded as an axial map Figure 3a, consisting of the set of the minimum number of 
continuous axial lines, where each one was the longest straight line of sight with which it was possible 
to cover the entire space layout [15]. The axial map was built to represent the urban area through the 
structure of its street network, which was explicitly described as a discrete spatial configuration 
where the reciprocal interaction between these lines revealed the system relationship. To perform 
numerical evaluations, the axial map was converted into an axial graph in which each node was an 
axial line and each edge was an intersection between them. With this derivative formalization, it is 
possible to account for the component units in which the continuous nature of space is decomposed, 
and evaluate their mutual relationships using graph-based methods. 

 
Figure 3. (a,b) All-line axial map and integration map of the Murat neighbourhood. 

This formalization emerges from the hypothesis that the line of sight, intended as a 
representation of the agent spatial perception, is the major factor of space interpretation and the 
driver for spatial behaviour. In fact, since following few changes of direction is cognitively simpler 
than proceeding through many turns, the number of angles turned while navigating had a greater 
effect on how people move than journey length [21]. Accordingly, agents select routes and 
destinations based on a distinctive disposition in judging distances, which is related with angular 
geometry and topological properties of the space configuration more than by their ability to calculate 
metric distances [30]. Therefore, the distance between the two locations is counted through steps, 
namely the number of directional turns along a path between each axial line, rather than the actual 

Figure 3. (a,b) All-line axial map and integration map of the Murat neighbourhood.

This formalization emerges from the hypothesis that the line of sight, intended as a representation
of the agent spatial perception, is the major factor of space interpretation and the driver for spatial

https://varoudis.github.io/depthmapX/
https://varoudis.github.io/depthmapX/


Sustainability 2020, 12, 4625 6 of 17

behaviour. In fact, since following few changes of direction is cognitively simpler than proceeding
through many turns, the number of angles turned while navigating had a greater effect on how people
move than journey length [21]. Accordingly, agents select routes and destinations based on a distinctive
disposition in judging distances, which is related with angular geometry and topological properties
of the space configuration more than by their ability to calculate metric distances [30]. Therefore,
the distance between the two locations is counted through steps, namely the number of directional
turns along a path between each axial line, rather than the actual distance covered [31]. The assumption
that pedestrians’ journeys tend to pass through the most accessible paths, combined with such a
formalization for the accessibility concept, allows to assess the probability of movement within urban
settings with the space syntax analytical method.

3.2. Integration Index Map

To infer the behavioural characteristics of the spatial setting, topological measurements on the
graph-based representation of the axial map were carried out. The integration index distribution of
axial segments, where segments are each piece of the axial lines between the intersections with other
axial lines, was calculated [30]. This is the measurement of topological accessibility for all segments in
the network, i.e., it measures the average depth of a segment compared with the others. Thus, higher
integration values of a segment indicate that on an average, it is more integrated within the given
spatial network and the more integrated it is, the shorter the topological distance from all others is.
While focusing on pedestrian movement patterns, we determined the integration index on a local scale,
applying radius two to calculate the depth within the Murat walkable neighbourhood, whereas radius
two stands for two steps away from each segment [32]. In the integration map, blue colour represents
the lowest value of integration and it increases toward the red for the highest. Likewise, areas with
high integration are defined as integrated, whereas areas of low integration are named segregated.

Based on the local integration map Figure 3b, it is not difficult to draw some preliminary
conclusions which will be further discussed. The area of study presents an ordered square grid with
high integration values in the central area where it is denser. However, major integrated lines lay along
the east–west axes, while on the north–south axes, lower values of integration can be found. Although
this suggests that the most integrated site in the surroundings should be centrally located throughout
the network scheme, it was worthy to note that the boundary lines of the internal and more regular
grid structure have high integration value too.

Depending on the supposed intensity of the movement of passers-by, some social implication
can be drawn as a secondary effect. Previous research has shown that integration and segregation are
good descriptors of the social use of the urban environment. Indeed, in most cases, high integration
represents active economic areas, usually main streets where retail shops and large firms are located.
On the other hand, segregated spaces often correspond to spatial misuse, including neglected or crime
sites [33]. More clearly, in the literature, empirical results have shown a significant correlation between
local integration and pedestrian flow rates within an urban setting [34]. In fact, across many geographic
locations and cultures it has been found that patterns of natural pedestrian movement closely follow the
map of the integration index [22]. Thus, on an average and on a local scale, appropriate predictions of
pedestrian destination choices can be made based on the degree of the integration index. This evidence
seems to prove the theory of Hillier et al. about how pedestrians allocate in a street network which
is fundamentally determined by the inherent morphological and geometrical nature of the spatial
system [35].

3.3. Intelligibility

Processed syntactic parameters for the axial map were also used to evaluate another spatial
coefficient, the intelligibility of the urban area, which shows the relationship between local and global
property of the spatial configuration [36]. Intelligibility is the measure of correlation between axial
connectivity and axial global integration, which is the integration values of axial lines at the largest scale.
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When considering the point of view of a pedestrian navigating an urban environment, he perceives
only a small portion of it. This can be accounted for by the axial connectivity value, which is a local
property defined as the number of axial lines intersecting an axial line. Instead of connectivity, other
measures of small-scale properties can be adopted, such as local integration up to radius two. This latter
coefficient is also called synergy, which is well suited in studying the relation between the parts and
the whole in urban areas [35]. In our case study, the correlation between axial connectivity and axial
global integration was 0.91, as shown in Figure 4a, and when using local integration with radius two,
it decreased to 0.89. Both values convey a strong correlation, meaning a high intelligibility of the area
under study.
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Intelligibility illustrates how well axial lines are integrated in the system. This stands for how
easy it is for a pedestrian in a local position to infer the structure of the whole urban setting from his
situated point of observation; thus, how easily the local scene can guide him to find his way around
the entire landscape. A low intelligibility value indicates a labyrinthine spatial organization, where the
high intelligibility found implies that the area is clearly navigable [33]. Moreover, the intelligibility
calculated is also a measure of how well the integration index map should correlate with the observed
pedestrian movements. Indeed, intelligibility reveals the correlation between spatial integration and
movement, i.e., the more an area is intelligible, the stronger correlation is found and vice versa [22].

3.4. Choice Map

If the integration map represents the most probable destination for pedestrian movement,
the choice map is about the pedestrian’s selection of the next segment during the movement towards
the destination. Thus, based on the segment analysis, the choice map was calculated as the probability
for each street segment to be crossed on all the shortest routes between the segments within a radius of
two. Furthermore, this was normalised by dividing each choice value segment by the corresponding
depth [37]. In particular, the shortest route was evaluated through the segment angular choice
measurement from origin to the destination, which refers to the path with the minimum number of
angular changes between adjacent segments along the path.

Indeed, the space syntax measurement of choice was the same as the network-theory betweenness
centrality, which is a mathematical measurement for quantifying how often a node stands on the
shortest path between all the origins and destinations in a given graph. This implies that, independently
of how distance is interpreted in the modelling of an agent navigation, the choice map predicts the
dynamic of the movement flow through the urban network depending only on the intrinsic structure
of the graph [38].
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Based on the normalised choice map Figure 4b, it is possible to make some considerations which
will be further discussed. The area of study presents an ordered square grid with almost equally
distributed choice values. However, the higher values of choice lay on the boundary lines of the
internal and more regular grid structure, except for one central north–south axis.

From a purely space syntax analysis, the cumulative result of pedestrians’ movement choices
should be randomly dispersed everywhere and well illustrated with a roughly uniform probability
distribution. Instead, it must be noted that the case study in question fits well with a perfect and
regular grid: it falls into a particular non-hierarchical systems case with some counterintuitive insights.

Despite the obvious evaluation that its high intelligibility suggests that it should be easy to read,
the fact that most axial lines have comparable lengths, and numbers of connections and angles with
the same degree, indicates that it is not possible to identify a tree-shaped organization of streets.
Therefore, from the point of view of a pedestrian there will be multiple equally accessible choices of
route segments between any origin–destination pair in the network grid [23]. This in turn suggests
that a pedestrian navigating it may suffer a degree of uncertainty about which path to follow, and that
other factors, usually subordinates in space syntax theory, would more easily arise as determinants of
his spatial choices.

4. Spatial Cognition Application

The application of Spatial Cognition involved a group of 100 students of the civil engineering
course of the Polytechnic University of Bari.

The methodology applied was composed of two phases: (i) the experimentation and (ii) the
analysis. For each phase of the methodology, two steps were identified (Figure 5).
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4.1. Experimentation

The experimentation was based on two steps: (i) trace-recorded exploratory walk (TREW) and
(ii) PES.

(i) In the field of urban planning, TREW represents a widespread tool for citizen participation. TREW
aims to activate a new form of knowledge of the city through multisensory exchanges between
citizens and the surrounding environment [39]. In the city, places are made of “color, shape,
movement, light, hearing, touch, kinaesthesia, perception of gravity, even the forces of electric and
magnetic fields...” [40]. These elements characterize the citizens’ experience in the city, influencing
behavioural choices and determining the success or failure of urban strategies. The TREW
allowed to record the students’ routes inside the Murat neighbourhood of Bari (phase 1, step 1,
Figure 5) using mobile digital tracking applications. For a matter of simplicity in reading the
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figure, the streets of the Murat neighbourhood have been highlighted through the identification
of ten axes in the west–east and the north–south direction (Figure 6a,b). The experimentation
involved the adoption of two constraints: spatial and temporal. The spatial constraint refers to
the starting place (Figure 6, point A) and the middle place (Figure 6, point B) of the route to be
taken in an arbitrary round trip; the temporal constraint is linked to two established time bands,
daytime and evening time. The students made the route from point “A” to point “B” (Figure 6)
and vice versa, in the morning from 10 a.m. to 12 a.m. and in the evening from 7 p.m. to 9 p.m.
The choice to define the time bands was made for two reasons: on the one hand, to allow a more
homogeneous distribution of the sample, and on the other to understand the differences in the
exploration of space among the students in two different times of the day. In order to record the
preferences for each time slot, an ad hoc platform was created to allow students to register before
participating in the experimentation.

(ii) The PES was submitted for each student in order to collect landmarks and a reason to motivate
their route (phase 1, step 2, Figure 5).
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The PES was structured in two sections: (i) user profile and (ii) open ended questions. In the
section relating to the user profile, it was indicated to report, in addition to the general information,
the time slot in which the exercise was carried out. The open questions section was supported by an
image of the Murat neighbourhood. Specifically, students were asked to reproduce the route according
to their own and identify the landmarks recognized during the route.

Through the PES it was possible to identify landmarks linked to orientation, as places of interest
for historical value and landscape beauty, as places of social attraction, as social “detractors” places.
The landmark identification could have affected the students’ routes.

There were several mobile digital tracking applications that allowed to record these data along
the way. In this work, the PES was selected for the following main reasons: (i) on the one hand, not to
deflect the students’ interest during the route and (ii) to stimulate the processing of the place ex post.

4.2. Analysis

The TREW and PES were analysed. The TREW were divided into two time bands. Fifty students
were involved during the day and fifty at night. For each time slot the routes were observed and
integrated with the corresponding survey (phase 2, step 1, Figure 5).

The 100 routes, divided as above, were then aggregated to identify the recurring routes (Figures 7
and 8) and the recurring reference points, to understand the reasons that lead students to take a certain
route at two different times of the day (phase 2, step 2, Figure 5). The aggregation led to a simplification
of the main routes for daytime and evening round trips. Figures 7 and 8 show strings characterized by
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different thicknesses depending on the number of students involved. The green strings represent the
outward route and the blue ones the return route.

Sustainability 2020, 12, x FOR PEER REVIEW 10 of 17 

 
Figure 7. Trace-recorded exploratory walk daytime route; (a): west–east axes; (b): north–south axes.  

 
Figure 8. Trace-recorded exploratory walk evening time route; (a): west–east axes; (b): north–south 

axes.  

The integration of the TREW and PES showed that most students chose to walk along the 10 
north–south and east–west axes due to the following reasons: on the one hand, to avoid losing their 
orientation in the neighbourhood, and on the other hand, due to the presence of numerous 
landmarks. Figure 9 shows the landmarks that emerged from the PES. The landmarks refer to the 
totality of the students’ routes, both in daytime and in the evening time. 

The landmarks on the following Figure 9a–f are not only recognized as the main orientation 
landmarks along the ten north–south and east–west axes, but also represent places with numerous 
shops, businesses and people. 

 

Figure 7. Trace-recorded exploratory walk daytime route; (a): west–east axes; (b): north–south axes.

Sustainability 2020, 12, x FOR PEER REVIEW 10 of 17 

 
Figure 7. Trace-recorded exploratory walk daytime route; (a): west–east axes; (b): north–south axes.  

 
Figure 8. Trace-recorded exploratory walk evening time route; (a): west–east axes; (b): north–south 

axes.  

The integration of the TREW and PES showed that most students chose to walk along the 10 
north–south and east–west axes due to the following reasons: on the one hand, to avoid losing their 
orientation in the neighbourhood, and on the other hand, due to the presence of numerous 
landmarks. Figure 9 shows the landmarks that emerged from the PES. The landmarks refer to the 
totality of the students’ routes, both in daytime and in the evening time. 

The landmarks on the following Figure 9a–f are not only recognized as the main orientation 
landmarks along the ten north–south and east–west axes, but also represent places with numerous 
shops, businesses and people. 

 

Figure 8. Trace-recorded exploratory walk evening time route; (a): west–east axes; (b): north–south axes.

The integration of the TREW and PES showed that most students chose to walk along the
10 north–south and east–west axes due to the following reasons: on the one hand, to avoid losing their
orientation in the neighbourhood, and on the other hand, due to the presence of numerous landmarks.
Figure 9 shows the landmarks that emerged from the PES. The landmarks refer to the totality of the
students’ routes, both in daytime and in the evening time.
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of commerce, (g). The university, (h). The public square, (i). The station square.
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The landmarks on the following Figure 9a–f are not only recognized as the main orientation
landmarks along the ten north–south and east–west axes, but also represent places with numerous
shops, businesses and people.

The reference points g, h, i (Figure 9), take on a different value depending on the time slot. In fact,
g, h, i are the places frequented only during the daytime slot. The integration of the TREW and the PES
show that these places are not frequented in the evening due to the lack of lighting and lack of people.
Moreover, during the evening g, h, i become a meeting place for criminals. These elements make these
places feel highly unsafe.

The observation of the daytime route (Figure 7) shows the maximum student flow along the
10 west–east and north–south axes. The flow from A to B was mostly oriented towards the east–west
axes of the neighbourhood with a majority along the 2, 4, 10 axes and the students flow from B to A
was mostly oriented towards the north–south axes along 10, 8, and 5. During the daytime route the sea
(Figure 9g) and the green area (Figure 9h) represent an element of attraction for students. Due to the
presence of the Margherita theatre and the waterfront (Figure 9c), many students walked along roads
beyond the Murat neighbourhood and then returned through axes 7 and 10 west–east.

The observation of the evening time route (Figure 8) shows some elements in opposition to the
daytime route. While the 10 west–east and 10 north–south axes remain the most densely populated,
the student flows follow different orientations. The flow from A to B is oriented on the north–south
axes with a majority along the 4, 5, 7, and 9 axes and the flow from B to A is oriented towards the
east–west axes, with a majority along the 7, 8, 9, and 10 axes. It can also be noted that the green
areas were not crossed and that the flow remains within the neighbourhood, without flowing towards
the sea.

The comparison between Figures 7 and 8 shows that the density of the students flows, in both
time slots, was higher on the 10 west–east and 10 north–south axes, representing the reference points
for students involved.

5. Results and Discussion

The purpose of this paper was to investigate how possible integrations between the two approaches
can provide guidance on the behaviour of agents in space, in order to support planning decisions.
As was shown, space syntax is not designed to explain how space determines each individual
decision about spatial movement. Instead, it seeks to objectively understand how the urban form
influences the collective use of space [38]. In the present study, it was possible to predict potential
movement patterns by ordering the grid of routes according to the ease with which they can be
perceptively reached. This allows us to convey how the field of perception impacts on the accessibility
of space, which in turn has the role of conditioning pedestrians’ route choices, considering individual
motivation and cognition embedded implicitly. Hence, independently of any cognitive navigational
considerations, the applied configurational analysis serves to describe the correlation between the
statistical accumulation of individual route choice decisions and the most probable network effect
due to the intrinsic configurational nature of the area under study [37]. Thus, a network effect
emerges from the structure of the spatial grid which dictates the to and through movement flows for
the aggregate movements, i.e., if people move from everywhere to everywhere else [41]. However,
this is more a statistical effect, based on the assumption of random movements, whereas individual
movements are not random, as shown by the spatial cognition experiment. Indeed, the Spatial cognition
approach allowed us to delve deeper not only into how an agent subjectively perceives the shape of the
surrounding space, but also into how he cognizes it and consequently interprets its spatial behaviour.

Spatial cognition is a multimodal approach that allows us to investigate the space cognized
by the agent involved through a large number of variables and with different tools. In the present
study, the combination between the TREW by mobile app and the PES allowed us to evaluate the
space cognized by the students considering the landmarks and student flows in different time slots.
This approach shows different limits; on the one hand, referring to the analyst’s work and on the other
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hand, to the use of a digital tool. The analyst’s work is characterized by the shift of an analysis of the
individual student’s path to the aggregate flow of students. This shift could create loss of information;
the use of digital tools provides a useful database for analysts in real time and a good orientation tool
for users but could affect the reality perceived by the agent involved. The use of a digital map could
condition the orientation, showing the space in advance on the display. The experiment could also be
repeated with a paper map in order to make a comparison of the results.

In order to evaluate more accurately the integrability of the two approaches, an analysis of the
results was carried out as a cross-check validation of the overlapping aspects, so that the findings of
one were verified by the other.

The results of the space syntax methodology were verified with spatial cognition, with reference
to its application in the case study. To describe the discrete spatial configuration of the urban area,
we developed a preliminary axial analysis. On top of that, the integration index map was elaborated.
This correlated with the to-movement, i.e., the potential destinations in the layout. It shows that on
the west–east axis the integration is more concentrated on fewer streets, 4 and 10, whereas on the
north–south axis it is less concentrated on more streets, 10, 8, 7, 5 and 3. Accordingly, these should
be the preferred routes for pedestrians and consequently, the roads leading to them should also be
preferred by passers-by. On the contrary, the outermost segments, compared to the thicker and more
regular central mesh, should be less preferred as they are more segregated. This direct assessment is
accompanied by an indirect implication. In fact, since paths with a higher density of pedestrians create
a field of higher probability encounter, they attract other people for this very reason [42]. These findings
are directly reflected in the spatial cognition experiment. Specifically, considering the west–east axes,
during the daytime movement, streets 2 and 10 on the west–east axis emerged. During the evening
movement, streets 3 and 10 emerged on the west–east axis. Considering the north–south axis, during
daytime movement, streets 2, 4, 5, 6, 7, 10 emerged on the north–south axis. During the evening
movement, streets 4, 5, 6, 10 emerged on the north–south axis.

It has also been verified that the most integrated site in the inner central part of the regular
grid overlaps with an active economic area, where luxury stores are located. However, it cannot be
confirmed that this occurrence is a social implication of a secondary effect dependent on the movement
of passers-by, rather than the other way around. The high intelligibility value calculated conveys how
well the integration index predicts which pathways are more commonly used by pedestrians. This is
confirmed by the spatial cognition findings. Moreover, intelligibility shows how navigable the grid is,
in that it is easy to understand the whole organization of the area for a pedestrian anywhere on this
grid. This feature does not take into account the fact that the students needed to identify landmarks
because the regular grid was not useful for orientation during navigation. The result that in more
intelligible settings wayfinding becomes more difficult is actually consistent with the literature [43].
This phenomenon is mostly caused by the designed regular grid mesh, which is easier to understand
from the outside, whereas from the inside an organic unplanned layout is more understandable [41].
Thus, for a pedestrian moving between any pair of locations in the street network of the Murat
neighbourhood, there is uncertainty as to which way to go. In this case, other factors such as landmarks
and environmental lighting become determinants of the individual movement choices. This feature of
inherent uncertainty of the layout was well captured by the choice map. This is correlated with the
through-movement, since it measures the probability for each street segment in the grid to be chosen
along the path inside it. Indeed, the almost equally distributed choice value suggests that the result
of pedestrians’ movements through space (i.e., route choices) should be almost uniformly dispersed
everywhere. Besides this general finding, the choice map presents higher values for streets 10 and 4
on the west–east axis and 5, 7 and 10 on the north–south axis. These specific findings show a good
correspondence with the results of the spatial cognition trial. Finally, it is interesting to report further
evaluations from mapping with space syntax which are not reported in the paper. The integration
values for long distance or vehicular travel choices, as well as the values of the shortest road choice
from any point on the map, indicate that along the west–east axis, streets 3, 4 and 10 and along the
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north–south axis streets 2 and 3 should be favourites, as they cut through the entire district. Indeed,
one limitation of the approach lies in the a priori choice of the definition of the limits of the area. In this
study, the limits of the chosen neighbourhood were identified around the easily accessible area for
pedestrians; thus, it was not possible to assess the connection of the area with the rest of the city. This is
an evaluation that would partially change these results, especially if the vehicular movement along the
main axes connecting the study area with the rest of the city had been considered in the analysis.

On the basis of these findings, it was possible to make general assessments of the two approaches,
which make their nature explicit. The experiment with spatial cognition offered the possibility of
investigating different aspects related to the cognition of the spatial behaviour of people in a qualitative
way. Therefore, the aim in the spatial cognition research field is to find patterns of how the form is
subjectively perceived by individuals. On the other hand, space syntax allows for work on paper
projects and obtaining evaluations on vehicular displacement. However, space syntax is able to
evaluate only specific aspects in a quantifiable way, but it is not able to take into consideration a host of
details that for specific spatial configurations or the distribution of elements of attraction or repulsion
can be decisive.

Specifically, in this study, three aspects emerged in spatial cognition that cannot be considered
through space syntax approach: (i) the value associated with the landmarks, as students identified
some landmarks related to orientation, others were related to elements of attractiveness or distress;
(ii) the temporal value, as the students explored the space in two different times of day; (iii) the
emotional aspects related to the perception of safety or danger due to elements such as, the presence of
people, lighting, shops, tree-lined streets, etc..

Ultimately, it emerges that these are two approaches that investigate the same theme from different
points of view and produce only partial overlapping, and in many other ways qualitatively different,
outputs. It is therefore not feasible to detect the possibility of their direct integration. The results
of the two approaches are not immediately comparable precisely because of their very applicative
structure. For example, the spatial cognition approach allowed for investigation by dividing the
survey into time slots, although there are limits to the usability of the results. On the other hand,
the space syntax approach offered results that are quantitatively more significant, but qualitatively less
refined. Consequently, a phase of elaboration of the obtained outputs is necessary in order to carry out
comparative evaluations and to be able to conceptually combine the two approaches. To generalize,
the parallelism which can be drawn is that the more specific an approach is, the less applicable it is to
the general aim and at the same time the more generic an approach is, the less meaningful it is in terms
of the usefulness of its conclusions for the case in question.

Conversely, precisely these considerations support the validity of the combination of the two
approaches. This was in order to expand the expressive potential of space syntax thanks to the
illustrative and targeted insights offered by a spatial cognition-based approach, as well as to hinge
the punctual evaluations produced by a spatial cognition-based approach in a coherent and complete
baseline analysis produced by the space syntax methodology. It is also likely that with the goals of the
research on Spatial cognition towards transversal behavioural models and that of the research on space
syntax aimed at widening the explanatory scope of the methodology, one or more points of direct
contact will be found in the near future. More generally, these results were useful in underlining how
complex and counter-intuitive reality is, and that excessive simplification or partial analysis can lead
to errors of assessment, especially in urban planning, where inanimate features, such as infrastructure,
constantly interact with living elements and environmental factors.

6. Conclusions

There is an intrinsic limit to what extent decisionmakers can use their imagination and experience
to forecast emerging phenomena in spatial complex systems. This is because the spatial form in cities
following the function of components is given by the designer, who draws shapes and structures in order
to address needs. Nonetheless, their use, changing as a response to the context (cultural, environmental,
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psychological and so on), could be different from what the designer previously intended, as this may
be entirely in contrast to the element’s function. Use dictates spatial behaviour in humans as well as
reflecting emerging understanding and creativity. This is why it is more dynamic than any functional
considerations, varying from person to person and over a short time. For these reasons, an analysis of
the use of urban space cannot be avoided to make decisions about its planning or redesign.

The space syntax approach could provide useful insights. This follows a rigorous methodology
with a sustained research of the literature. It is based on an ordered structure of phases to obtain
quantitative descriptions of some specific characteristics of the overall setting. These try to represent
the emergent spatial patterning of city life from the relation between the form and the function in
cities. As has been shown in the present work, configurational analysis of an urban area is a significant
measure that is predictive of wayfinding and environmental perception within cities. This starts from
the assumption that for the distance notion, a different concept, i.e., steps, is adopted rather than
metric, because pedestrians interact with the environment mainly through seeing spaces step by step.
This quantifiable topological analysis of spatial relationships between components in a street network
can be a proxy for the collective knowledge of users’ ways of viewing and using the urban environment,
until some limits arise.

Indeed, among the tools for spatial planning, configurational analysis can support the identification
of centralities and the causes of the possible loss of interest in some urban areas, as well as for the
validation of alternative proposals for urban regeneration or redevelopment and to estimate the
degree of efficiency of the localization foreseen by the plans. Even if space syntax can support the
redevelopment of poorly functioning urban areas and plans for vehicle transit, spatial planning practice
it is not just a matter of understanding collective movement preferences. It must also deal with the
character of the place to support the generation of a new use of space in order to make new things
happen. This is because decision makers are not only required to understand things as they are, but also
to oversee things as they could become, since if perception is about here and now then cognition is
about prospective. In this wide knowledge arena, the individual emotional and cognitive perception
of relations between environmental elements and with others cannot be ignored and there may be
certain instances when these factors may become overwhelming.

It is therefore important to continue to investigate the extent of an analysis combined with spatial
cognition for the acquisition of environmental knowledge for the purposes of urban redesign and
regeneration. From the proposed experimentation, we have had the confirmation that some roads in
some moments of the day were avoided. This constitutes useful information for those who have to
manage or build new infrastructures in the same areas. It also highlights the combined influence of the
perception of risk and its impact on the fact that shops are not located in some places, creating a vicious
circle of spatial misuse. Moreover, this infers that the situation of degradation of some buildings, as
well as the absence of precise and recognizable valuable elements, accentuates the perception of risk
of places.

Indeed, following the experimental results, it is increasingly evident that spatial design should
rely on iterative and adaptively step-based approaches which are able to enhance bottom-up users’
cognitive responses instead of traditional top-down geometric design processes. It is proposed that
such a combined framework could be used to build models of knowledge management to support
decision making in order to improve planning practices for the design of a human-centred and
culturally contextual built environment. This not yet fully formalized combined cognitive approach
to spatial modelling has the major consequence of innovating planning objectives, widening current
scopes of planning practices for a built environment. This in turn would allow decision makers to
envision more aware and effective spatial planning and design in the sustainable development of cities,
capturing the strong sense of cognition which profoundly pervades our cities but paradoxically is still
elusive and thus remains out of reach.

With this paper we analysed the contribution of the two approaches with the aim of verifying that
they are not in contrast but can be used simultaneously for different levels of depth of investigation.
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We tried to highlight the specific characteristics that can give indications on when to use one or the
other and how they could be integrated. The present paper deals with preliminary findings of a
more extensive analysis which is still ongoing. A further aim is to identify factors with which to
measure the appropriateness of both methods and therefore to be able to propose a more quantitative
comparison between them. In the near future, we propose to widen the analysis, starting from a new
experimentation of a different case study that achieves a more explanatory parallelism, for example by
choosing an urban area developed as a tree rather than a grid, so as to be able to compare the results of
the two cases. At an operational level, in order to facilitate the data analysis, it will be useful to make
two different round-trip recordings for each participant and to carry out the experiment with a paper
map to evaluate any differences with mobile-assisted exploration.
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