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A walkability assessment tool coupling multi-criteria analysis
and space syntax: the case study of Iglesias, Italy
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ABSTRACT
The global trend towards the growth of urban population poses
the issue of the public space influence on outdoor practices of
different subjects. Urban public space is the carrier of an
ever-increasing number and density of users. Walking, both as a
form of transportation and as a vector to physical activity and
social interactions, emerges as a fundamental category of
behaviour. The proposed research develops a theoretical and
methodological framework for assessing walkability of the urban
space. Building on concepts of capability and affordance,
walkability is herein conceptualized in terms of the effect of
affordances incorporated into the built environment on
individuals’ propensity to walk for different purposes. The
methodological framework aims to capture the characteristics of
walkability across scales as the product of the intrinsic and
extrinsic properties of an urban setting.
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1. Introduction

The global trend towards the concentration of population in urban areas poses the issue of
whether and to what extent the characteristics of the public space incorporate opportu-
nities for the functional, recreational and social practices of different user groups.
Within this context, the individuation and assessment of the characteristics of the built
environment that are conducive to walkability emerge as a central issue. According to
Giles-Corti et al. (2005), walking is a fundamental category of behaviour, involving a uti-
litarian dimension as well as a recreational and social dimension (Blečić et al., 2015; Gehl,
2013).

Consequently, there is a wide consensus about the beneficial effects of walking in terms
of quality of life and well-being. The proposed research aims to develop a theoretical and
methodological framework for assessing the walkability of the urban space. Walkability is
defined as the potential of the built environment to support different forms of walking.
The theoretical framework is based on the concepts of capability and affordance
(Gibson, 1979; Heft, 1988; Kyttä, 2002; Sen, 1993).
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As a result, the relationship between the built environment, human behaviour and well-
being is conceptualized in terms of the effect of the different affordances incorporated into
the built environment on individuals’ well-being. Specifically, this refers to the extent to
which these affordances enhance individuals’ capability to walk for different purposes
and to different destinations.

Building on the existing literature regarding how street segments of the built
environment correlate with walkability, the proposed methodological framework
aims to capture the characteristics of walkability across scales as the product of the
intrinsic – the visible geometric – and extrinsic – the invisible structural – properties
of an urban setting. The methodological framework therefore incorporates the
measurement of configurational factors, investigated through the techniques of the syn-
tactic analysis of spatial structures (Hillier, 1996; van Nes & Yamu, 2018), of contextual
factors related to land-use distribution and density, and of site-specific compositional
factors, understood through quantitative and qualitative indicators of urban design
quality. The resulting Walkability Assessment Tool (WAT) is applied to the analysis
of a subset of the most-connected urban spaces across the historic district of the city
of Iglesias, Sardinia, Italy.

The objective of the research is the creation of a methodological framework that sup-
ports the urban planning process by enabling the individuation of critical conditions limit-
ing walking behaviours, and by identifying potentially high-leverage interventions of
regeneration of the physical environment to increase inclusivity and usability.

The paper is divided into six sections. Section 2 presents a review of the literature on
how the built environment correlates with walkability follows the introduction and
includes a discussion of the theoretical foundation of the proposed WAT. The third
section discusses the methodological framework. The fourth section presents the results
obtained from applying the WAT to a subset of pedestrian routes across the historic dis-
trict of the city of Iglesias. These results are comprehensively discussed in Section 5.
Finally, the Conclusion section summarizes the fundamental findings of the study, out-
lines their implications and makes practical suggestions for their implementation.

2. Literature review

As observed by Giles-Corti et al. (2005), the study and evaluation of environmental factors
influencing human practices requires a precise definition of the considered activity. In this
respect, walking emerges as a multi-dimensional behavioural category that intersects
different aspects of urban practices and involves a utilitarian dimension (walking as a
necessary activity), a leisure dimension (walking as an optional activity or as a vector to
physical and recreational activities) and a social dimension (walking as a vector to
contact and interactions among individuals). More precisely, walking as a means to rec-
reational and social activity (Gehl, 2011) can be conceptualized as both a product and a
pre-condition of the diversity of practices across the urban space (Gehl, 2013; Jacobs,
1961). In this sense, it encourages physical activity and engenders socio-economic
benefits, thereby improving public health and individual well-being (Calvert et al., 2019;
Credit & Mack, 2019; Ferdman, 2019; Xu et al., 2018). The complex relationship
between the spatial and immaterial aspects of the built environment, patterns of activity
and well-being is best understood via the concepts of affordance and capability.
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In Sen’s words (1993), capability can be defined as the ability of an individual to achieve
a specific condition or ‘functioning’ – a ‘doing’ or ‘being’ part of the state of that person –
considered as valuable. Nevertheless, Sen also intends the concept of capability as the
alternative sets of attainable functioning from which a person can choose one combi-
nation. In this sense, the concept of capability, while accounting for achievements, incor-
porates the intrinsic significance, in terms of an individual’s well-being, of freedom and of
the act of choosing per se.

Furthermore, the concept of capability implies the relevance of external conditions,
including opportunities and constraints, as a factor that influences the combinations of
alternative attainable functioning. This opportunity dimension hence includes the social
and spatial structures that affect the transactions among individuals and spaces, and is
more comprehensively understood through the concept of affordance. Introduced by
Gibson (1979) and developed by Heft (1988) and Kyttä et al. (2018), the concept of affor-
dance refers to the set of functional, social and emotional opportunities and constraints
emerging from the relationship between the social, spatial, and immaterial characteristics
of the environment and individual knowledge, intentions, abilities, body morphology and
physiology. These sets of opportunities and constraints influence the pattern of actions, of
an individual, across a setting, through processes of direct perception and actualization
(Kyttä et al., 2018; Raymond et al., 2018).

The concept of affordance is multi-dimensional and includes a functional significance,
which incorporates constraints and opportunities for meaningful actions, an emotional
dimension, related to conditions conducive to the experiencing of positive or negative
emotions, and a social dimension, which refers to conditions enabling or preventing
meaningful or negative contact between individuals. In particular, emotional affordances
refer to opportunities for feeling safe, for experiencing liveliness or quiet, conspicuous and
legible environment. On the other hand, social affordances refer to opportunities for
meeting friends, making new friends, for interaction among outdoor spaces and indoor
spaces, and for interacting with people of different age. Finally, accessibility is conceptu-
alized either as potential for interaction or as the actual freedom to participate to different
activities. It is herein defined as the ability to access and benefit from opportunities embo-
died in public spaces. Accessibility derives from a city’s configuration of the spatial layout
and is interdependent with land-use patterns (Blečić et al., 2015; Hillier, 1996; Van Nes &
Yamu, 2020).

Yet, beyond the perceivable qualities of the individual space (Heft, 1988; Kyttä, 2002;
Raymond et al., 2018), constraints and opportunities affecting human behaviour are
influenced by contextual factors, including land-use patterns, density and configurational
properties of the structure of public spaces (D’Acci, 2019; Jabbari et al., 2018; Moura et al.,
2017; Wang & Yang, 2019). Spatial configuration refers to a set of relations among parts,
such as urban streets that interdepend in an overall structure. Configurational properties
thus refer to the topology of a complex structure (Hillier, 1996, 1999; Hillier et al., 1987;
Yamu, 2014). In particular, connectivity, integration and betweenness of public spaces
influence patterns of movement, co-presence and co-awareness across the urban space.
Co-presence refers to the simultaneous presence of people that may not know each
other within a space; co-awareness refers to a group of people who are aware of one
another using and sharing a space. These two patterns are the raw material for the emer-
gence of meaningful social contacts. Furthermore, patterns of natural movement are
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observed to affect the distribution of land uses (Hillier et al., 1993) and the multi-scale
structure of pervasive centrality across the urban space (Hillier, 2012; Yamu, 2014).

The complex of social, emotional and functional opportunities and of accessibility con-
ditions incorporated into the configurational, compositional and material properties of the
built environment determine the potential of walkability of the public space. Walkability
can therefore be defined as a measure of the built environment’s potential to enable
walking, and as a predictive indicator of human physical activity and active travel
(Frank et al., 2006). In other words, it can be seen as an indicator of the extent to
which the built environment is friendly to people who walk in order to travel, for
leisure or recreation, for exercise or to access services (Blečić et al., 2015; Leslie et al.,
2007; Saelens & Handy, 2008).

As a consequence, the theoretical model embodied in the methodological framework
operationalizes walkability in terms of a synthetic index measuring the extent to which
the affordances incorporated into the built environment improve residents’ well-being.
Specifically, this refers to improvements in well-being resulting from walking and
outdoor practices. Thus, by individuating and analysing the intrinsic and extrinsic prop-
erties of the built environment conducive to people’s propensity to walk, the WAT oper-
ationalizes the opportunity dimension for achieving and actualizing central capabilities,
including affiliation (being able to live with others), bodily health (being able to have
good health) and integrity (being able to move freely from place to place), being able to
play, control over the environment, and the ability to have attachments to people,
objects and places (Nussbaum, 2001).

2.1 Existing methodologies for the assessment of walkability

The existing literature proposes different approaches to the analysis of walkability. As
observed by Moura et al. (2017), four approaches to the assessment of the walkability
of the public space can be distinguished: (1) Web-based tools such as ‘Walkscore’,
‘Walkshed’ or ‘Walkonomics’ (Blečić et al., 2015), focusing on quantitative evaluations
of macro-scale factors, such as intersection density, population density, and distance
from amenities; (2) multi-criteria evaluation models, which combine spatial information
and evaluation of micro-scale urban design features (Moura et al., 2017; Jabbari et al.,
2018); (3) audit tools, assessing urban design micro-scale features of route segments
(Clifton et al., 2007; Pikora et al., 2000; Saelens et al., 2006) and (4) questionnaires, report-
ing pedestrians’ perceptions and preferences related to spatial, environmental and social
properties of urban spaces (Rosenberg et al., 2009).

From a multi-criteria analysis perspective, the precise nature of the evaluation method-
ology depends on the definition of categories of environmental variables.

Solid contributions are represented by the ‘3Ds’ layout introduced by Cervero and
Kockelman (1997), including density, diversity and design, and reconfigured by Ewing
et al. (2013) as a 5-dimension layout, adding distance to transit and destination acces-
sibility (Su et al., 2019). The ‘5Cs’ layout proposed by the London Planning Advisory
Committee relates the walkability of the pedestrian environment to the attributes of
connectedness, conviviality, convenience, comfort and conspicuousness (Moura
et al., 2017). Moura et al. (2017) added to these categories the dimensions of commit-
ment and coexistence. This ‘7Cs’ layout was used by Garau et al. (2018) to structure a
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methodological framework for assessing built environment factors conducive to chil-
dren’s independent activities. In our research, the affordance categories introduced by
Kyttä et al. (2018), reflecting the functional, emotional/contextual and social impli-
cations of the concept of affordance, and the seven dimensions introduced by
Moura et al. (2017) are adapted to structure a methodological framework for measur-
ing the walkability of the built environment, the WAT, which is presented in the fol-
lowing sections.

3. Methodology

The proposed methodological framework combines multi-criteria analysis and space
syntax techniques to determine a measure of walkability of public spaces, the Synthetic
Index of Walkability of public spaces (ISWAT). The integration of quantitative and
qualitative indicators related to micro-scale compositional characteristics, and of quan-
titative indicators related to contextual and topological factors, reflects a conceptualiz-
ation of walkability as the product, across scales, of intrinsic and extrinsic properties of
spaces.

The methodology for the assessment of the usefulness of the public space is conceived
as a procedure articulated in seven stages: (i) selection and characterization of the case
study; (ii) an extensive literature review for individuating relevant environmental criteria
and sub-criteria, selection of pertinent, valid, representative indicators and definition of
the layout of the tool for the analysis of environmental correlates of walkability; (iii)
definition of functions and selection of algorithms for the calculation of quantitative indi-
cators; (iv) definition of scales for the evaluation of qualitative indicators; (v) definition of
threshold values and of fuzzy logic functions for the normalization of results and for the
aggregation of individual indicators; (vi) data collection, evaluation of indicators and cal-
culation of the ISWAT of public spaces; (vii) rendering of the gradient of walkability levels
across the set of selected public spaces.

More precisely, with respect to the first stage, the case study is defined by selecting a
subset of segments with the highest local through movement potentials in terms of ped-
estrian’s route choice for the historic district of the city of Iglesias, Italy. Streets and
public spaces comprising the most accessible segments are hence identified as the unit
of analysis. A street segment is defined as the section of axial line or street or path
between two intersections. Most accessible segments were identified computing local nor-
malized angular choice (NACH) for the street network applying a 400 m radius repre-
senting a 5-minute walk. This radius is also known as the ‘pedestrian shed’. Street
segments with a numerical value >1.23 on a scale ranging from 0 to 1.54 were chosen.
This threshold for each street segment, taking into consideration the top 20% values, cor-
responds to the highest potential of pedestrians’ route choice from origin to destination.
Normalized angular choice is a measure of potential trough movement and measures the
least angular path between from all spaces to all other spaces in an urban network. It
measures a route hierarchy of the urban street network.

Angular segment choice is calculated by counting the number of times each street
segment falls on the shortest path between all pairs of segments within a selected distance,
termed the radius. The shortest path refers to the least angular deviation through the
system (Hillier & Iida, 2005, p. 475). Choice C of a street axis i measures the degree of
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through movement as follows (Rashid, 2017, p. 64):

Ci =
∑

j

∑

k

g jk(i)/g jk(j , k),

where gjk
(i) is the number of shortest path between segment j and k containing i, and gjk is

the number of all shortest paths between j and k (Rashid, 2017, p. 64). The normalization
of angular choice (NACH) for an urban system is as follows (Hillier et al., 2012, p. 191):

NACH = log (Choice(r)+ 1)
log (Total depth(r)+ 3)

.

In the following, we discuss the layout of the assessment tool which includes four cat-
egories: (i) functional affordances, (ii) accessibility, (iii) emotional affordances and (iv)
social affordances (see Table 1).

Environmental features and attributes associated with functional, emotional, and social
affordances are then individuated according to the existing literature on walkability and
place experience:

(i) Functional affordances are related to compositional and functional properties of
individual spaces, including width, slope, condition of surfaces, presence of barriers
along pedestrian facilities, barrier effect, availability and usefulness of formal and informal
seats, configuration of edges, tree coverage and usability of public lavatories.

(ii) Accessibility is herein conceptualized as a characteristic of spaces incorporating a
transport component and a land-use component. More precisely, the land-use com-
ponent is associated to access to local destinations. Access to local destination is oper-
ationalized in terms of metric distance from a set of proximate urban functions, and
angular segment integration, within a 400-metre radius. Moreover, the transport com-
ponent is related to the configuration of the urban spatial layout and it is operationalized
in terms of axial connectivity, determining opportunities for choice among different
routes, angular segment integration and access to transit. Segment angular integration
(AI) is a measure of the distance of a space to all other spaces, conceptualized in
terms of the sum of angular changes that are made on each route. AI represents to-
movement. It allows to understand the most central space represented by accessibility.
Considering a set of spaces within a 400-metre radius is instrumental to underlining
the potential of a space as a destination, with respect to patterns of pedestrian movement
(Vaughan, 2007). Angular integration yields (Rashid, 2017, p. 66). The angular inte-
gration of a segment x yields (Rashid, 2017, p. 66):

AIx = 1
n

∑n

i=1

du(x, i),

where n is the number of segments and dθ is the angle between any two segments on the
shortest path on segment x. When adding the length l for of a segment, we get the fol-
lowing equation for angular integration of a street segment with segment length l.

AIlx =
∑n

i=1 du(x, i)l(i)∑n
i=1 l(i)

.
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Table 1. Indicators incorporated into the WAT tool.
Affordance Environmental features Indicator Subindicators

Functional
affordances

Walking, running,
cycling, playing
ball

Compositional properties of
pedestrian facilities

Quality of pedestrian facilities Barriers; effective width;
condition of pavements;
longitudinal slope

Seating Position and distribution of
seats

Availability of resting/sitting
features

Presence; distance; distribution
of seats; condition; comfort;
cleanliness; coverage;
position; view

Crossing roads Organization and use
destination of the road-
space

Barrier effect Crossing type, desire lines;
coexistence (number of lanes
AND speed limit); parking
regulation

Resting Alignment and design of
edges

Configuration of edges

Basic physical
needs

Presence and condition of
public Lavatories

Usability of Lavatories Presence; proximity to the most
disadvantaged point;
condition; cleanliness;
accessibility

Following,
catching, caring
for

Presence of vegetation Nature situations Trees coverage

Emotional
affordances

Feeling safe Natural control of the POS Eyes on the POS Visibility of nearest buildings;
Interactivity of façades;
residential density; presence
of activities with extended
service hours; social
incivilities; unpleasant/scary
people/antisocial practices;
prospect; refuge;
boundedness

Pleasant place Conspicuousness Imageability of the POS Distinctive natural, artificial
structures (public art, ruins,
geological/vegetation
formation); distinctive
buildings (historical/ not
regular profile); major
landscape feature (visible);
distinct landscaping elements
present along street edges;
outdoor activities; cleanliness

Quiet Acoustic environment Quality of the acoustic
environment

Lively Activities along the edges of
the POS

Density of retail activities and
services

Social affordances
Meeting friends Meeting places; to –

movement potential of
spaces

Significance of the POS as a
destination

Segment angular integration r
= n; Presence of distinctive
building or functions

Interaction among
outdoor spaces
and indoor
spaces

Spatial and functional
continuity between the
street and the surrounding
building and space

Level of integration of interiors
and outdoor spaces

Being with adults Intergenerational activities Presence of intergenerational
activities

Co-presence of users of different
age

Make new friends Anchor places Presence of anchor places
within a 400 m buffer (sports
facilities, educational
institutions, shopping malls)

(Continued )
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Angular segment integration can also be normalized as follows (Hillier et al., 2012,
p. 191):

NAIN =
����������������
Node count(r)1.2

√
Total depth(r)+ 2

.

(iii) Emotional affordances are associated with natural control of the public space, also
coined ‘natural surveillance’ (Jacobs, 1961), determining affordances for feeling safe, the
imageability of a setting, associated to the opportunity for experiencing a place as conspic-
uous and legible (Ewing & Handy, 2009), the density of retail activities along the edges of
the public space, determining opportunities for experiencing liveliness within the public
space (Gehl, 2013) and the acoustic environment (Garau & Annunziata, 2019), related
to the affordance for experiencing quietness. The affordances for experiencing a safe
public space are associated with structural, social, compositional and configurational
aspects of a street (see Table 1). More precisely, structural factors include the visual and
functional continuity between the outdoor space and the buildings forming its edges
(Gehl, 2013). Configurational properties refer to the normalized angular choice, at
radius n, measuring the global through-movement potential of a space, and hence repre-
senting system-wide movement patterns in relation to the area of study, herein, with a
focus on their effect on pedestrian activities. (Hillier & Sahbaz, 2011). Compositional
factors include prospect, presence of refuge space, and boundedness. These factors
measure the ability to see from any point to any other point within a space, the presence
of elements affording refuge and the degree of enclosure of a space, including the distri-
bution of access points, which affects the possibility to escape, respectively (Loukaitou-
Sideris, 2011).

(iv) Lastly, social factors refer to signs of neglect and abandonment and to the presence
of ‘social milieu fragilities’, considered as a proxy of antisocial practices (Jamme et al.,
2018, p. 130). These attributes are considered as factors that affect patterns of co-presence
and the natural surveillance of a public space, which in turn determine the perception of
an open space as safe and inclusive. Finally, opportunities for social contact and inter-
action are associated with the potential of a public space as a meeting place, distance
from anchor places, presence of intergenerational activities across a setting, and functional
and spatial continuity between a public open space and the buildings constituting its edges

Table 1. Continued.
Affordance Environmental features Indicator Subindicators

Accessibility
Decision among
alternative
routes

Connectivity Axial connectivity

Access to
collective
transport

Distribution of collective
transport nodes

Distance from collective
transport nodes

Maximum complement of
normalized cost value for
transport nodes

Access to local
destinations

Distribution of amenities Distance from services and
amenities

Average complement of
Normalized Cost value for i-
destinations from j types of
amenities

Access by walking To – movement potential of
spaces

Segment angular integration r
= 400 m
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(Blečić et al., 2015). The potential of a space as a meeting place is conceptualized in terms
of its to-movement potential, and of the presence of distinctive buildings and/or urban
functions.

Indicators based on topological, angular, or metric analyses of a segment map, and/or
of an axial map, are analysed using Depthmap X software. If a space is intersected by mul-
tiple segments, Indicators related to segment analysis are measured by considering the
mean of values calculated for each segment, provided the longest dimension of the
space is more than 70 metres; otherwise, the value of the indicator is determined consider-
ing the segment with the highest value among those intersecting the considered space. The
70-metre measure is derived from Gehl (2013) and is considered a relevant social distance.

Indicators measuring distances from individual spaces to destination points represen-
tative of urban functions, transport nodes, and basic services are calculated using the
network analysis processing tools incorporated into the QGIS suite. Cost variables repre-
sentative of distances from retail activities, transport nodes, and anchor places are calcu-
lated using the shortest metric path-point to layer function. For each category of urban
functions, a layer containing destination points is structured by aggregating data collected
from informative systems imagery services (Google Maps, Google Earth), and validated
via internet-based street-level imagery services (Google Street View). To determine the
point of origin, the mean coordinates algorithm is used to compute a point layer with
the centre of mass of geometries representing each individual public open space.

Individual quantitative indicators are normalized via value functions and according to
the concept of fuzzy logic, which defines the membership grade of an element to a set,
representative of a condition or attribute, as a value ranging from 0.0 (certain non-mem-
bership) to 1.0 (certain membership) (Jabbari et al., 2018).

For indicators for access to collective transport nodes urban functions, cut-off values
are set to truncate corresponding value functions to minimum and maximum values.
The minimum value is set to 50 metres in order to compensate for different factors: (i)
errors in defining the position of destination points on the map; (ii) tolerances set for
the elaboration of the graph representative of the structure of urban spaces and for the
calculation of lowest-cost routes between origin and destination points; and (iii) definition
of origin points of the centre of mass of segments constituting individual public open
spaces. On the other hand, the maximum radius value for measuring and investigating
patterns of pedestrian movement is set at 800 metres. Furthermore, in determining the
normalized value for the access to local transport nodes and access to urban functions,
the condition of proximity of the space, i, to the destination, j, is conceptualized as the
complement of the cost variable of the corresponding route, representative of the distance
from the origin point to the destination point.

Qualitative indicators are normalized via binary evaluation, hence excluding intermedi-
ate values, or via scales, where significant intermediate conditions are formalized by values
comprised between 0.0 and 1.0. For multi-dimensional indicators, incorporating different
subindicators, an aggregate value is determined via addition of partial results, determined
for individual subindicators, and formalized by a score ranging from 0.1 (least condition)
to 1.0 (optimal condition). The resulting value is then normalized via a sigmoidal function.
Values of subindicators are defined by determining a score for conditions observed on an
ordinal scale for qualitative subindicators, or related to intervals of values on an interval
scale for quantitative subindicators. The potential of a space as a meeting place is
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calculated as the product of the normalized value of the segment angular integration indi-
cator and of a value, equal to 1 or to 0.1, determined via binary evaluation, indicative of the
presence or absence of distinctive urban functions, buildings, or artefacts (see Table 2).

Category indexes are then determined as the mean value of the pertinent normalized
individual indicators. Functional index, emotional affordances index, social affordances
index and accessibility index are therefore calculated in terms of a value ranging from
0.0 (marginal positive influence of environmental variables on walkability) to 1.0
(optimal influence of environmental variables on walkability). Category indexes are
then summed to determine the value of ISWAT, expressed as a score ranging from 0.0 to
4.0, where 0.0 is representative of environmental spatial and material properties prevent-
ing pedestrian movement, and 4.0 indicates a built environment conducive to pedestrian
outdoor practices. For each index, measures of central tendency (mean and median) and
measures of dispersion (standard deviation, interquartile range, skewness and kurtosis) are
calculated (see Table 3).

Reasons for selecting Iglesias as a case study are presented in the next section, and the
results from the application of the WAT are presented and discussed in Sections 5 and 6.

Table 2. Examples of indicators and scoring procedures.
Indicator Type Measurement Scale Score

Quality of pedestrian facilities Quantitative Barriers Abundant 0.1
Some 0.3
Scarce 0.5
No 1

Effective width Lm≥ 3m 1
3 m > Lm≥ 2.25 m 0.6
2.25 m > Lm≥ 1.5 m 0.5
1.5 m > Lm≥ 0.9 m 0.3
Lm < 0.9 m 0.1

Condition of pavements Excellent 1
Fair/Good 0.5
Insufficient 0.3
Poor 0.1

Longitudinal slope Completely flat (0.02≥ S≥ 0) 1
Soft incline (0.04≥ S > 0.02) 0.5
Some incline (0.06≥ S > 0.04) 0.3
Significant incl. (0.06≥ S >
0.08)

0.1

Total [(S1+S2+S3+S4)–Smin]/(Smax–
Smin)

0–1

To-movement potential,
Angular Integration R=400m

Quantitative A-dimensional value Ia–Iamin/(Iamax–Iamin)
Iamax = 158.66
Iamin = 3.10 0-1

Presence of anchor places Quantitative Presence of an element x
within a n-metres radius

Present (R100 m) 1
Present (R200 m) 0.8
Present (R400 m) 0.5
Present (R600 m) 0.3
Absent = 0 0

Distance from services and
amenities

Quantitative Normalized cost value ∑j[∑I ((1–Ci800)/10)]/Nj
Ci = Di–Dmin/(Dmax–Dmin)
Di = distance from ith
destination

Dmax = 800 m
Dmin = 50 m
Nj = Number of types of
functions considered

0–1
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3.1 Selection of the Case study

This methodological framework was used to assess a subset of connected routes across the
historic district of the city of Iglesias, in Sardinia, Italy (see Figure 1). This was selected for
its demographic and socio-economic conditions. The specificity of the city of Iglesias is
related to three factors: (i) an ageing population, in which residents aged more than 65
years represent 23.9% of the population, compared to a national average of 22.6% and a
regional average of 23.2%; (ii) trends towards depopulation, underlined by the loss of
204 inhabitants in 2017 (–0.8%) and of 269 inhabitants in 2018 (–1%) (Istat, 2019) and
(iii) economic stagnation, measured in terms of difference in GDP per capita between
the city of Iglesias and the national and regional average. In 2016, the GDP per capita
of Iglesias was €19,200 per year, compared to a national average of €26,000 per year
and a regional average of €20,600 per year (Eurostat, 2016a; Eurostat, 2016b; Il Sole 24

Table 3. Examples of determination of the index of walkability of public urban spaces (ISWAT) and of the
category indexes.
Index Measurement Scale Rating

ISWAT (If + Ie + Is + Ia) 4.00≥ ISWAT > 3.50 Optimal
3.50≥ ISWAT > 2.50 Good
2.50≥ ISWAT > 2.00 Fair
2.00≥ ISWAT > 1.00 Inadequate
1.00≥ ISWAT≥ 0.00 Poor

If; Ie; Is; Ia (∑Iij)/Nj 1.00≥ I > 0.88 Optimal
0.88≥ I > 0.63 Good
0.63≥ I > 0.50 Adequate
0.50≥ I > 0.25 Inadequate
0.25≥ I≥ 0.00 Poor

Figure 1. Selection and characterization of the area of study: the city of Iglesias, in Sardinia Italy.
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ore, 2016). These phenomena call for actions aimed at increasing the usefulness of the
public space from the point of view of vulnerable users, by designing open spaces to prior-
itize outdoor practices and pedestrian movement. Furthermore, a highly walkable
environment supports a vital micro-economy in line with Hillier’s theory of the natural
movement (economic) process (Hillier et al., 1993).

The examples from Finland (Verma & Taegen, 2019) underline that interventions of
regeneration and renewal of the public space, aimed at improving walkability and acces-
sibility, are instrumental in fostering independence and control over one’s life, retaining
homeowners, thus driving local economy and reversing trends towards depopulation.
Finally, reasons for the analysis of spaces within the historic district are related to its confi-
gurational, compositional and social attributes that positively affect walkability. These
attributes include mixed uses, continuity of the network of pedestrian and limited
traffic routes, and an integrated spatial structure (Garau et al., 2018).

In the following section, the results of the assessment of the subnetwork of the most
accessible routes are presented, and the walkability of the selected public spaces is
analysed.

4. Results

The application of the WAT to the analysis of the system of spaces within the historic dis-
trict of Iglesias underlines fair levels of walkability (see Figure 2). Values calculated for the
ISWAT index range from a value of 1.89 for Pescivendoli Street, corresponding to an
inadequate level of walkability, to a value of 3.11 for Matteotti Street, representative of sig-
nificant usability (see Table 4).

Figure 2. Distribution of ISWAT values across a subnetwork of integrated spaces within the historic dis-
trict of the city of Iglesias, Italy.
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Analysis of the central tendency reveals a mean value of 2.36, indicating an average
level of walkability for the system of spaces within the historic district, and a median
of 2.20. The measures of dispersion indicate a standard deviation of 0.39, and an inter-
quartile range of 0.66, from 2.00 to 2.66. Consequently, 50% of the analysed spaces are
characterized by a fair level of walkability, 25% are characterized by an inadequate level
of walkability, and the remaining 25% comprises spaces significantly conducive to
outdoor activities.

A more comprehensive understanding of the extent to which the compositional, confi-
gurational and material attributes of spaces enable walking is supported by the values cal-
culated for the category indexes for functional affordances (If), accessibility (Ia), emotional
affordances (Ie) and social affordances (Is). With respect to If, the mean value for the set of
the analysed spaces is equal to 0.41 and the median is 0.39, suggesting that the subnetwork
of spaces is characterized by a low availability of opportunities for meaningful actions
(Figure 3). Values of If range from a low of 0.30, measured for Pescivendoli Street, to a
high of 0.53 for La Marmora Square; 15 different spaces are inadequate for enabling mean-
ingful actions, while four spaces are adequate.

With respect to dispersion measures, standard deviation is equal to 0.07 and the inter-
quartile range equal to 0.09, from 0.36 to 0.45. These values denote a homogeneity of
spatial, morphological and material conditions across the analysed spaces, affecting the
availability of functional opportunities.

The mean calculated for Ia is 0.70 and the median is 0.69, indicating good levels of
accessibility of the analysed spaces (see Figure 4). Ia values range from 0.58, calculated
for Dritta Street, to 0.87, measured for Matteotti Street. The measures of dispersion indi-
cate a standard deviation of 0.06 and an interquartile range of 0.05, from 0.66 to 0.71.
These values indicate a low variability of the configurational and contextual correlates
of accessibility.

Table 4. Values of the ISWAT, If, Ie, Is and Ia indexes for the selected area of study.

Urban public space

Indexes of walkability and of categories of opportunities

ISWAT If Ie Is Ia

Gramsci Street 2.65 0.43 0.55 0.87 0.81
Azuni Street 2.61 0.39 0.60 0.93 0.70
Martini Square 2.09 0.38 0.55 0.47 0.70
Martini Street 2.20 0.39 0.61 0.52 0.68
La Marmora Square 2.96 0.53 0.75 0.98 0.71
Canelles Street 2.18 0.36 0.42 0.68 0.73
Cavour Street 2.10 0.36 0.54 0.52 0.68
degli orti Street 1.90 0.36 0.44 0.47 0.63
Manno Street 2.19 0.37 0.45 0.64 0.73
Repubblica Street 2.59 0.45 0.51 0.95 0.69
Dritta Street 2.00 0.52 0.43 0.47 0.58
Sassari Street 1.95 0.36 0.46 0.46 0.66
Sarcidano Street 2.66 0.40 0.73 0.92 0.62
G. Pichi Square 2.83 0.52 0.75 0.91 0.65
Verdi Street 2.35 0.36 0.57 0.77 0.66
Dei Pescivendoli Street 1.89 0.30 0.44 0.47 0.68
Cagliari Street 2.75 0.41 0.68 0.90 0.76
G. Matteotti Street 3.11 0.52 0.75 0.98 0.87
Sulis Street 1.92 0.31 0.40 0.52 0.69
Mean value 2.36 0.41 0.56 0.71 0.70
Standard deviation 0.39 0.07 0.12 0.21 0.06
Interquartile range 0.66 0.09 0.24 0.45 0.05
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Figure 3. Variation of If values, measuring the availability of functional opportunities embodied in the
built environment.

Figure 4. Variation of Ia values, measuring the accessibility of open spaces.
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Values for Ie on the other hand reveal that the built environment embodies adequate
opportunities for positive and meaningful emotional experiences (Figure 5). The mean
value is 0.56 and the median is 0.55, and the values observed range from 0.40, measured
in via Sulis, to 0.75, measured in Pichi Square, La Marmora Square and Matteotti Street.

More precisely, seven spaces are characterized by an inadequate availability of
emotional affordances, seven spaces by adequate emotional affordances and five by
reasonable opportunities for emotional experiences. Intrinsic and extrinsic spatial proper-
ties and social conditions, measured by the Natural Control of Public open spaces (POSs)
indicator, suggest an average perception of spaces as safe. The mean is equal to 0.71, and
values range from 0.48, measured in via Sassari, indicating an inadequate quality of
outdoor space, to 0.98, measured in Matteotti Street, representing optimal quality in
terms of actual and perceived safety. Measures of dispersion related to the Natural
control of POSs indicator reveal that 25% of selected spaces have values greater than
0.82, representing good to optimal safety-related conditions. Lastly, measures of dis-
persion related to Ia denote a modest standard deviation, equal to 0.12, and an interquar-
tile range of 0.24, from 0.44 to 0.68.

Values for Is denote a significant availability of opportunities for social interactions
(Figure 6). The mean is equal to 0.71 and the median to 0.68, with values ranging from
0.46, measured in via Sassari, to 0.98, indicating optimal quality of the public space,
observed in Matteotti Street and La Marmora Square. Five spaces incorporate scarce
opportunities for meaningful social interactions, three spaces are identified by adequate
availability of social affordances, four spaces are reasonably conducive to contacts and
interactions among individuals, and seven spaces incorporate optimal conditions for
enabling meaningful social activities.

Figure 5. Variation of Ie values, measuring the availability of opportunities for meaningful emotional
experiences embodied in the built environment.
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Measures of dispersion related to Is denote a significant standard deviation, equal to
0.21, and an interquartile range equal to 0.45. These values indicate a significant variability
of spatial, social, and topological properties of spaces associated with the emergence of
social activities.

The results presented in this section, and their implications in terms of perspectives for
regeneration and renewal of the public space, are comprehensively analysed and discussed
in the subsequent section.

5. Discussion

The results obtained via the application of the WAT highlight a number of factors that
negatively affect walkability. The main concerns are the low diversity and the inadequate
availability of opportunities for meaningful engagement with spaces and objects. This con-
strains spatial appropriation and engagement with public spaces while reducing the con-
ditions of comfort.

More precisely, the dispersed, aligned, frontal and concave arrangement of seats limits
interactions and the differentiation of spatial propinquity among individuals, thus not
allowing them to adapt their behaviour to social activities. Furthermore, the lack of
public toilets can hinder the conditions of comfort of the public space and its usability
from the elderly’s viewpoint. The presence and availability of clean, well signed and acces-
sible public toilets, in proximity of walkways and pedestrian spaces, in fact, is identified as
a central aspect for reinforcing social participation of the elderly within age-friendly and
health-promoting environments (WHO, 2007).

Figure 6. Variation of Is values, measuring the availability of opportunities for social contacts engen-
dered by the configuration, land-use patterns and morphology of the built environment.
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Finally, the lack of vegetation limits the functional opportunities for spatial appropria-
tion and to meaningful engagement with the material environment, particularly for chil-
dren. Meaningful engagement can in turn engender significant experiences of
enchantment (Pyyry, 2017), as well as affective atmospheres constitutive of relational
bonds among individuals (Giusti et al., 2018; Witten et al., 2019).

A further factor concerns spaces characterized by low levels of perceived safety. This
condition is particularly associated with the irregular morphology of spaces, limiting indi-
viduals’ ability to observe any point from any other point within the same open space, the
absence of activities with extended service hours, and the presence of signs of neglect
determined, in particular, by the significant number of abandoned buildings. The latter,
in particular, is perceived as a manifestation of a lack of engagement and investment,
and can diminish perceptions of safety by highlighting the incivilities and fragilities of
the social milieu. Further factors relate to the inadequate imageability of the selected
spaces. Only Gramsci Street, La Marmora Square, Pichi Square, Sarcidano Street, Cagliari
Street and Matteotti Street are characterized by distinctive and unique elements, reinfor-
cing the imageability and visual richness of the public space. Furthermore, the low diver-
sity and density of uses results in similarly low levels of activity in the public space.
Amenities are concentrated in central integrated nodes (Pichi Square and La Marmora
Square) and in adjoining connecting routes (Cagliari Street, Matteotti Street and Sarcidano
Street). Finally, the competition for space between vehicular flows and pedestrian move-
ment and practices further limits walkability. In particular, the utilization of streets for
residents’ parking significantly reduces the opportunities for recreational and social activi-
ties, thus limiting pedestrians’ engagement with the public space.

These factors urge for urban design interventions aimed at increasing the complexity of
the organization of the public space. Complexity refers to the articulated combination of
different scales, patterns, materials and details in the organization of the space, incorpor-
ating different levels of significance and function. Complexity entails an inclusive and uni-
fying structure of the public space that encompasses contradictory and heterogeneous
practices while engendering images vividly individuated, firmly structured and functional
of one’s environment (Lynch, 1960; Venturi, 1977). Thus complexity implies a conceptu-
alization of the public space as the realm of heterogeneous practices and experiences, of the
exposition to diversity and of the production of different ideas, subjects and identities
(Secchi, 2013).

An additional factor affecting the relevance and validity of the index of walkability, as
well as its convenience in terms of conducting the study, concerns the quality of available
data. Data referring to the city of Iglesias, collected from open-source databases, are
incomplete, heterogeneous and inaccurate. A thorough process of validation and inte-
gration is therefore necessary, based on information collected from internet-based
street-level imagery services (Google Street View) and territorial imagery services
(Google Maps, Google Earth, Bing Maps), or from direct on-site observation. This
aspect urges the involvement of private and public bodies, including professionals, aca-
demic and research institutions, and local authorities in a shared effort aimed at improving
the currency, consistency, completeness and accuracy of databases. The availability of con-
sistent, accurate and comprehensive data is central to enabling thorough analyses of the
different aspects, across scales, of the built environment, which in turn support planning
processes in addressing inequality, precariousness, exclusion and segregation.
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6. Conclusion

This paper describes the theoretical and methodological framework for the development
of an analytic tool for assessing the walkability of the public space, the WAT, and illus-
trates the results of its application to a case study of the city of Iglesias.

Consistent with the theoretical perspective embodied in the Smart-city paradigm, this
study underlines the relevance of developing analytic tools that support the planning
process by enabling the understanding of the built environment, in terms of incorporated
opportunities and limits influencing human behaviour (Kamel, 2013). This aspect is
central to the decision-making process, helping to orientate design interventions
towards the organization of public space that enables social participation, inclusion, and
sustainable ways of life, while affording multiple and varied experiences.

Furthermore, the application of the WAT to the case study illustrates that the proposed
methodological framework can support the urban planning process in the individuation of
factors of the built environment that negatively affect people’s propensity to walk and to
engage with the urban space. Moreover, the characteristics of measurability, reproducibil-
ity, validity (related to verification and data quality control); comparability (over time) and
accessibility (including availability of databases) of the indicators comprising of the WAT,
enable two further ways of utilizing the methodology, within the planning process: (i) the
evaluation of different scenarios of urban renewal and regeneration in order to identify
high-leverage interventions and (ii) comparison over time for monitoring and evaluating
the consequences of actions of urban renewal and regeneration.

With respect to its theoretical framework, the study investigates the operationalization
of the concepts of capability and affordance in terms of a set of indicators aggregated into a
synthetic index, expressing the potential of the public space to affect human behaviour and
well-being.

Moreover, an unexplored aspect in existing studies on the usefulness of the public space
is the interaction of intrinsic and extrinsic properties of a setting in determining patterns
of activities. A review of the existing literature conducted across the Web of Science data-
base, through the query (TS= (‘space syntax’ AND ‘walkability’ AND ‘assess*’)) reveals
that only six articles consider the configuration of the urban structure as a relevant deter-
minant of people’s propensity to walk. The theoretical and methodological framework
encompassed in the WAT addresses this issue by taking into account the synergy, in
terms of walkability, of intrinsic micro-scale factors and extrinsic configurational proper-
ties, including betweenness and integration.

Nevertheless, two limitations emerge from this study, concerning the validation of
results and the need to determine the relative importance of built environment correlates
of walkability according to contextual and individual factors.

In particular, Giles-Corti et al. (2005) underline the need to compare measures of
behavioural outcomes and environmental variables to enhance the predictiveness of meth-
odological frameworks for the analysis of the built environment. Consequently, the future
development of this research should address these central issues. First, the need to enhance
the predictiveness of the WAT should be addressed through the investigation of the co-
relation between measures of walkability and measures of actual patterns of activities
across the urban space, derived from map-based surveys conducted via Public Partici-
pation Geographic Information System (PPGIS) and Volunteered Geographic
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Information (VGI) tools. Furthermore, Moura et al. (2017) observe that existing measures
of walkability only marginally account for the effect of individual characteristics, including
age, gender, abilities, needs and purposes, and contextual aspects, including socio-econ-
omic factors and cultural constructs, on people’s experience of the public space. In this
preliminary phase, which is primarily focused on the selection of indicators and on struc-
turing the layout of the assessment tool, the same relative importance is attributed to the
indicators encompassed in the WAT and a compensatory layout is selected (Blečić et al.,
2015; Garau & Pavan, 2018; Jabbari et al., 2018; Moura et al., 2017). Consequently, the
future development of the methodological framework will focus on investigating to
what extent the weighting of indicators, according to the preferences of different stake-
holders within a specific context, can increase the WAT predictiveness and its capacity
to reflect specific perceptions of the built environment in different contexts. Consequently,
the methodological framework embodied in the WAT will incorporate decision-making
techniques based on the analytic hierarchy process (AHP) to support the Multi-Criteria
analysis, by structuring group sessions involving different groups of stakeholders, includ-
ing different categories of users and experts. The application of AHP will enable the
weighting of correlates of walkability according to individual and contextual factors that
affect the outdoor practices of different groups of users.

Finally, a further research direction concerns the issue of the usefulness of the public
space, particularly from the point of view of vulnerable and/or marginalized groups of
users, within the more general question of urban ethics. This concept refers to the
ethical and moral implications of global processes of transformation of urbanized areas.
Urban ethics brings together urban design, urban planning, politics and ethics. This by
advocating the agency of design practices as a force capable of orientating the urbanization
processes towards the shaping of a more ethical, and hence sustainable and just, urban
future (Chan, 2019; Mostafavi, 2017). Within this perspective, the city emerges as a plaus-
ible source of mitigation, and, via conscious urban design, as a solution, to negative
impacts derived from inequality and precariousness due to anthropic processes, including
climate change (Chan, 2019; Gillette, 2010). The methodology encompassed in the WAT
addresses the issue of urban ethics by identifying criticalities reducing people’s opportu-
nities for walking, limiting their capabilities, achieving a just society and a sustainable
urban environment. In particular, for children and the elderly, opportunities for
walking are related respectively to the central capabilities of physical development and sus-
tainment which also accounts for all five senses, playing, being independent and of social
connectedness. Nevertheless, further applications of the proposed methodology can focus
on identifying degrees of socio-spatial and socio-economic relationships with regard to
walkability and active land use for an urban area. Understanding these relationships
and coupling them enables to identify the degree of spatial inequality and social injustice
connected to opportunities for walking.

Consequently, the modular structure of the methodological framework, along with the
utilization of an analytic hierarchy process method for analysing complex decisions and
map-based survey tools enabling public participation and validation of results allow for
further adaption of the proposed methodology framework. This adaption does not only
address the analysis of spatial practices of different user categories across different con-
texts, but also reinforces its objectivity, relevance, predictiveness and validity of the walk-
ability index. In this respect, an improved WAT tool could be a pertinent and relevant
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framework for strengthening urban policy, governance and planning actions related to the
activity of creating and changing places. This by supporting decision-making processes
and offering insight on the spatial, material and social conditions of the physical environ-
ment affecting behaviours and idiorrhythms of the subjects belonging to the different
urban populations.
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