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ARTICLE INFO ABSTRACT

Keywords: In terms of residual physical activities suitable for most elderly individuals, walking is also the favoured form of
Urban accessibility mobility in this group, in particular for those aged 75 and over. For this segment of the population, walking
Elderly, represents the main means of accessing urban services and actively participating in community life. It is thus
E‘I’gesman paths essential to improve both the physical and functional organization of urban areas to develop comfortable and

safe walking paths for the elderly and the other weak segments of population. Therefore, this study provides a

Spatial multicriteria analysis o K K X
methodology for classifying a neighbourhood as more or less accessible for the elderly to reach urban services on

Sensitivity analysis

the basis of its favourable characteristics.

Based on the results of a literature review and Delphi analysis, the fuzzy technique was applied to evaluate the
security and urban context characteristics, both in terms of the pedestrian network and built environment.

The obtained weights, validated by a sensitivity analysis, were then used to calculate a walking attractiveness
index for the elderly using a GIS tool.

The methodology was then tested in two neighbourhoods of Naples; the outputs show the areas that local
decision-makers should prioritise to improve the safety and attractiveness of routes to access urban services.

1. Overview

Recent demographic projections of the European Union estimate that
the old-age dependency ratio is likely to more than double in the next
forty years: in practice, the ratio between the number of persons aged 65
and over (i.e., the age when they are generally economically inactive)
and the number of persons aged between 15 and 64 will grow from
25.4% in 2019 to 53.5% in 2060 (Eurostat, 2020; Jacobs-Crisioni et al.,
2019). These changes will put increased strain on social, economic and
urban transformation policies in order to provide suitable actions and
interventions to make cities “more inclusive, accessible and efficient” for
the elderly (Ga, 2015).

In addition, the Universal Design principle and the most recent ad-
vances in the field of urban accessibility have changed the focus from the
land use-transport nexus to characteristics of the urban built environ-
ment that make it suitable for walking (D’Orso & Migliore, 2020; For-
syth & Southworth, 2008; Wang & Yang, 2019). These changes have
promoted several initiatives and projects aimed at increasing the quality
of the urban built environment by improving pedestrian movement. The
EU Innovation Partnership on Active and Healthy Ageing, the Healthy
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Ageing Programme (WHO) and the Health Programme (European
Institute of Innovation and Technology) are all relevant examples of
initiatives aimed at creating opportunities for social and civic engage-
ment among people aged over 65, in addition to increasing their inde-
pendence in day-to-day activities.

In practice, there is wide recognition that local decision-makers and
urban planners should engage in making cities places where individuals
at every stage of life can readily participate in activities and access urban
services (Saelens & Handy, 2008; Wang et al., 2020).

The concept of urban accessibility is described as the possibility for a
place to be reached on foot, without barriers (Gaglione et al., 2019); in
this study, urban accessibility also refers to the characteristics of the
built environment that encourage people to walk. The characteristics
taken into consideration include (i) socio-economic characteristics (age,
sex, level of education, etc.), (ii) functional characteristics such as ac-
tivities and services located within a neighbourhood that can be reached
on foot, (iii) physical characteristics that also describe the quality of
urban space (e.g., the state of flooring, street furniture, thermal comfort,
etc.) and (iv) characteristics that not only make it possible to easily reach
a place or a service but also influence individuals’ perception and,
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Table 1

Set of variables used and their weights according to previous studies that used
AHP and FAHP techniques. Those shown in bold were used for FAHP analysis.
Numerical values of physical variables refer to Italian regulations and Codes,
while those relating to the sense of security refer to the specific context of
analysis. The last column refers to the MCDA weights calculated by the previous
studies (References column).

ID  Variable Measure References MCDA
weight
Physical characteristics
1 Slope of street >5% =0 < 5% Joo & Kim, 2011 0.131
network links =1 Moon et al., 2016 0.195
2 Sidewalk width <15m=0> Joo & Kim, 2011 0.050
15m=1 Moon et al., 2016
3 State of sidewalk 0 =poorgood=  Joo & Kim, 2011 0.150
pavement 1 Moon et al., 2016 0.190
4 Presence of crossings No=0Yes=1 Moon et al., 2016 0.171
Bivina & Parida, 0.146
2019 0.259
Wey and Chiu,
2013
Characteristics related to the sense of safety
5 Presence of traffic <0.056 =0 > Bivina & Parida, 0.390
lights 0.056 =1 2019 0.118
Wey and Chiu, 0.048
2013
Lee & Park, 2014
6 Presence of >175m=0< Bivina & Parida, 0.101
pedestrian crossings I9m=1 2019
7 Lighting density No=0Yes=1 Lee & Park, 2014 0.045
8 Presence of escalators No =0 Yes =1 Moon et al., 2016 0.268
/ elevators
Urban context characteristics
7 Presence of green No=0Yes=1 Joo and Kim, 0.104
areas 2011 0.028
Moon et al., 2016 0.020
Bivina & Parida,
2019
Sayyadi &
Awasthi, 2012
8 Presence of No=0Yes=1 Lee & Park, 2014 0.066
panoramic points Sayyadi & 0.119
Awasthi, 2012
9 Non-main roads No=0Yes=1 Bivina & Parida, 0.097
2019 0.207
Wey and Chiu,
2013
10  Presence of benches No=0Yes=1 Lee & Park, 2014 0.040

Panel of international experts

- ics and researcher

in public
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Fig. 1. Composition of the experts’ panel in relation to the profession who

filled the electronic survey.

consequently, choice of a path (Deehr & Shumann, 2009; Fancello et al.,
2020; Leslie et al., 2005; Ruiz-Padillo et al., 2018). In other words, the
characteristics taken into account to measure the age-friendliness of a
neighbourhood refer to the overall quality of the built environment,
from a holistic and systemic perspective of urban transformation
(Gaglione et al., 2019 and 2021).
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Table 2
Correspondence scale between linguistic judges and fuzzy triades.
Linguistic judges AHP scale FuzzyAHP FuzzyAHP
(Saaty scale) scale reciprocal scale
Equal important 1 1,1,1) (1,1,1)
Important 2 1,2,3) (1/3,1/2,1)
Moderately more 3 (2,3,49) (1/4,1/3,1/2)
important
Intermediate 4 (3,4,5) (1/5,1/4,1/3)
Strongly more 5 (4,5,6) (1/6,1/5,1/4)
important
Intermediate 6 (5,6,7) (1/7,1/6,1/5)
Very strongly more 7 (6,7,8) (1/8,1/7,1/6)
important
Intermediate 8 (7,8,9) (1/9,1/8,1/7)
Extremely more 9 (8,9,10) (1/10,1/9,1/8)
important

(Source: Chang, 1996).

Thus, in this context, the main objective of this study is to support
policy-makers in identifying the optimal urban areas where changes
could be made to improve pedestrian accessibility for the elderly to the
main urban services to help encourage active ageing.

This work provides a qualitative-quantitative method that first in-
tegrates Multi-Criteria Decision Analysis (MCDA) and spatial analysis;
the degree of comfort and pleasantness linked to the characteristics of
pedestrian paths through the sensitivity analysis is then validated,
allowing the attractiveness of walking in a neighbourhood to be
assessed. A walkability index was also determined in a Geographic In-
formation System (GIS) environment, representing a decision-making
tool to support local decision-makers.

This study is structured as follows: Section 2 describes the theoretical
background of the walkability problem, with particular reference to the
elderly population; Section 3 describes the methodology and study area,
located in the city of Naples; Section 4 systematically describes the re-
sults of each step of the proposed method; and, finally, the study’s
conclusions are presented in Section 5.

2. Walkability and the elderly: state of art

Walkability can be defined as “the extent to which the built envi-
ronment is ‘conductive’ to walking on” (Liao et al., 2020). The purpose
of walking and perceptions of urban space both play a key role in in-
dividuals’ willingness to walk (e.g., Brown, 2007; Chu, 2017; Evans,
2009; Stafford & Baldwin, 2017). For instance, some built environments
features can facilitate or restrain walking (e.g. poorly lit areas or steeply
sloping roads) and the location of activities can influence individuals’
daily routine activities (e.g. travelling from home to market or from
home to recreation services).

Abley (2005) proposed the following definition of the characteristics
of a network that improve its walkability: connected, pedestrian-
friendly, visible, convenient and comfortable streets. Subsequently,
Saelens and Handy (2008) investigated the correlation between urban
features and walking inclination at a neighbourhood scale; their findings
were later analyzed by Ewing and Cervero (2010), who identified six
components of walkability, namely, density, diversity, design, distance,
destination and demand management.

Promoting walking to reach and benefit from urban places and ser-
vices also has positive effects in terms of reducing the social exclusion of
the most vulnerable segments of the population (Allen & Farber, 2020;
Simoes & Marin-Lamellet, 2002), improving urban accessibility
(Gaglione et al., ,2018, 2019; Litman, 2017; Wittowsky et al., 2019) and
reducing pollution levels and vehicular congestion, particularly in larger
urban areas (Cepeda et al., 2017; Howell et al., 2019).

Over the past 15 years, walkability studies have largely focussed on
the population aged over 65. The interest in this segment of the popu-
lation is due to the ongoing ageing process, and, thus, the need to
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Fig. 2. Correspondence scale between linguistic judges and fuzzy triades.

(Source: Chang, 1996).

Legend

Pedestrian network
Buildings

D Areas of study

I:I Municipality of Naples

3 Kilometers

Fig. 3. Areas of study within Vomero and Arenella districts in the city of Naples (Italy).

Results of the Delphi survey

Panoramic points 45.50%

Pedestrian crossing 45.50%

The presence of benches [N 50.00%

Traffic light 50.00%

Presence of non-main roads 50.00%

Presence of elevators/lifts
Lighting density

Presence of green areas

Fig. 4. Results of the Delphi survey.

63.60%

68.20%

77.80%

support local policy-makers in developing urban built environments
suitable for the “greys” (WHO, 2002; WHO, 2007).

According to the UN (2017), societies are becoming super-aged, with
more than 20% of the total population now aged 65 and over. This in-
crease in the elderly population will be most evident in developing
countries, however, in industrialized countries, the segment of the
population that will increase the most will be those aged over 80, whose
absolute number, by 2050, will quadruple (Kinsella & He, 2009; WHO,
2007).

The scientific debate concerning the study of walkability for elderly
individuals at a neighbourhood scale encompasses two main aspects.
The first of these aspects is focussed on investigating which physical
(relating to the geometry and characteristics of the road network and
urban fabric), environmental (relating to the elements of urban furniture
such as lighting and benches) and functional (relating to the location of
urban services) characteristics are decisive for walkability (e.g. Cerin
et al., 2007; Cheng et al., 2019; Furukawa and Wang, 2019; Gharaveis,
2020). Several studies have also highlighted how residential areas
characterized by the presence of attractive destinations at limited dis-
tances are associated with a greater propensity to pedestrian mobility
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Table 3
Pairwise comparison for the 8 sense of security and urban context variables of the two study areas.
Column j 1 2 3 4 5 6 7 8
Row i 1 (1,1, 2,3,9) 1,2,3) 1,2,3) (5,6,7) (4,5,6) (5,6,7) (6,7,8)
2 (0.25,0.33,0.5) 1,1, (3,4,5) (2,3,49) (2,3, (3,4,5) (3,4,5) (3,4,5)
3 (0.33,0.5,1) (0,20,0.25,0,3) 1,1,1) (3,4,5) (3,4,5) (2,3,4) (4,5,6) (4,5,6)
4 (0.33,0.5,1) (0.25,0.33,0.5) (0,20,25,0,33) (1,1,1) (3,4,5) (3,4,5) (4,5,6) (3,4,5)
5 (0.14,0.17,0.2) (0.25,0.33,0.5) (0,20,25,0,33) (0,20,25,0,33) (1,1,1) 2,3,9) 2,3,9) (2,3,4)
6 (0.16,0.2,0.25) (0.25,0.33,0.5) (0.25,0.33,0.5) (0,20,25,0,33) (0.25,0.33,0.5) 1,1,1) (1,2,3) (2,3,4)
7 (0.14,0.17,0.2) (0,20,0.25,0,3) (0.16,0.2,0.25) (0.16,0.2,0.2) (0.25,0.33,0.5) (0.33,0.5,1) 1,1,1) (2,3,4)
8 (0.13,0.14,0.1) (0.25,0.33,0.5) (0.16,0.2,0.25) (0,20,25,0,33) (0.25,0.33,0.5) (0.25,0.33,0.5) (0.25,0.33,0.) (1,1,1)

Note: (1 lighting density, 2 presences of escalators and elevators, 3 Traffic lights, 4 Pedestrian crossings, 5 Presence of green areas, 6 Non-main roads, 7 Park Bench, 8

Presence of panoramic points).

Table 4

Fuzzy geometric mean value and weights of the 8 variables of the two study areas.

Fuzzy geometric mean value r; Inverse vector

Fuzzy weight w; Centre of area (CoA) w; Normalization weight wi

Row i 1 (2.42,3.32,4.13) 8.05 (0.17,0.30,0.50) 0.32 0.305
2 (1.56,2.13,2.74) 10.73 (0.11,0.19,0.33) 0.21 0.200
3 (1.44,1.87,2.42) 13.79 (0.10,0.17,0.29) 0.19 0.181
4 (1.07,1.38,1.82) (1/8.05,1/10.73,1/13.79) (0.07,0.12,0.22) 0.14 0.133
5 (0.57,0.74,0.95) (0.12,0.09,0.07) (0.03,0.06,0.11) 0.06 0.057
6 (0.42,0.57,0.77) (0.029,0.05,0.09) 0.06 0.054
7 (0.32,0.41,0.55) (0.02,0.03,0.06) 0.04 0.038
8 (0.25,0.31,0.41) (0.02, 0.028,0.05) 0.03 0.031
1.05 1.00
Table 5

Average of the ratios between the weighted averages and the relative weights.

Column j 1 2 3 4 5 6 7 8 Weighted sum value Weighted sum value/weight wi
Row i 1 0,29 0,65 0,33 0,27 0,44 0,26 0,24 0,19 2,67 9

2 0,10 0,22 0,67 0,40 0,22 0,21 0,16 0,11 2,08 10

3 0,15 0,05 0,06 0,538 0,29 0,16 0,20 0,14 1,58 9

4 0,15 0,07 0,04 0,13 0,29 0,21 0,20 0,11 1,21 9

5 0,05 0,07 0,04 0,03 0,073 0,16 0,12 0,08 0,63 9

6 0,06 0,05 0,06 0,03 0,02 0,052 0,08 0,08 0,44 8

7 0,05 0,05 0,03 0,03 0,02 0,03 0,04 0,08 0,34 8

8 0,04 0,05 0,03 0,03 0,02 0,02 0,01 0,03 0,24 10

Note: Amax = Average (Weighted Sum Value/Option Weight) = 9; Consistency Index (C.I.) = (Apax — 1) / (n — 1); where n = number of compared options (measures)
= 8; Consistency Index (C.I.) = 0.138; Consistency Ratio = C.I./Random Index (R.I.) = 0.098 < 0.1 matrix consistency verified.

Table 6
Global weights of variables.

Measure Weight (%)
1 Lighting density 29
2 Presence of escalators and elevators 21
3 Traffic lights 17
4 Pedestrian crossings 14
5 Presence of green areas 7
6 Non-main roads 5
7 Park Bench 4
8 Presence of panoramic points 3

(Barton et al., 2003; Haugen, 2011; Anciaes et al., 2017; Sun et al.,
2019).

These studies have been mostly developed at a micro-scale relative to
portions of neighbourhoods, due to the overall lesser tendency of the
elderly to walk long distances (according to their health) and the
number of detailed features (e.g. the presence of road crossings). The
collection and localization of these characteristics is carried out by GIS
tools that allow walkability indices to be developed, defining the
walkability levels of the area under study. Some studies agree that access
to sidewalks is a characteristic broadly favouring elderly walkability
(Stathi et al., 2012), whereas, the lack of pedestrian crossings was re-
ported to be a barrier to mobility (Mahmood et al., 2012).

The second aspect focussed on by previous studies is the perception
of the built environment by the elderly, as this affects the choice of
routes to urban services of interest. The perception of safety, the plea-
sure of walking and levels of familiarity with the environment (Carnegie
et al., 2002) all affect both the decision to walk and the paths chosen for
walking within the pedestrian network. Studies of these aspects mainly
use: (i) surveys of representative samples of the elderly population to
analyse their perceptions and opinions of the neighbourhoods where
they live (Alidoust et al., 2018; Borst et al., 2008; Brookfield & Tilley,
2016; Mahmood et al., 2012; Spittaels et al., 2010); and (ii) tracking-
based behavioural observation techniques (Pafka & Dovey, 2017;
Shatu & Yigitcanlar, 2018; Yamagata et al., 2020; Zhang & Mu, 2020), to
understand the emotions, feelings and any material or immaterial bar-
riers encountered by the subject while moving.

Given the above scientific framework, two main gaps in knowledge
are identified:

— Although there are numerous studies that relate urban characteris-
tics to walkability of the elderly, few of these studies provide local
decision-makers with strategies and interventions aimed at
improving pedestrian accessibility. Furthermore, most of these
studies were developed in Asia, Australia and North America, with
very few in Italy. The outputs of these studies are mostly intended to
provide indices to measure walkability or the significance of various
walkability characteristics and the relations among them; however,
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Table 7

Cluster urban characteristics and results increasing weights.

Cities 127 (2022) 103724

Measure  FuzzyAHP rank FuzzyAHP Cluster Increasing Green Increasing Presence Increasing park Increasing non main
weights areas panoramic points bench roads
1 Lighting density 29% Comfort 27% 28,6% 28,2% 28,3%
2 Presence of escalators/ 21% 20% 20% 20% 20%
elevators
3 Traffic lights 17% Street 16% 16% 16% 16%
4 Pedestrian crossings 14% environment 13% 13% 13% 13%
5 Presence of green areas 7% Amenity 13% 7% 7% 7%
6 Non-main roads 5% 5% 5% 5% 7%
7 Park Bench 4% 4% 4% 8% 5%
8 Presence of panoramic 3% 2% 5% 2% 3%
points
SENSITIVITY SCENARIOS-INCREASING
35%
30%
25%
20%
15%
10%
A el il
NENNE nnnil nclan
LIGHTING PRESENCE OF TRAFFIC  PEDESTRIAN PRESENCE OF NON-MAIN PARK BENCH PRESENCE OF
DENSITY ESCALATORS LIGHTS CROSSINGS GREEN AREAS ~ ROADS PANORAMIC
AND POINTS
ELEVATORS
m FuzzyAHP Weights ® Increasing Green areas | Increasing Presence panoramic points
| Increasing Park Bench ® [ncreasing non main roads
Fig. 5. Sensitivity outputs, urban context characteristics.
SENSITIVITY SCENARIOS-DECREASING
35%
30%
25%
20%
15%
10%
i | LT
- EEN mm
LIGHTING PRESENCE OF TRAFFIC PEDESTRIAN PRESENCE OF NON-MAIN PARK BENCH PRESENCE OF
DENSITY ESCALATORS LIGHTS CROSSINGS GREEN AREAS ROADS PANORAMIC
AND POINTS
ELEVATORS
m FuzzyAHP Weights m Decreasing Traffics lights Decreasing Pedestrian crossings
Fig. 6. Sensitivity outputs, characteristics related to the sense of safety.
Table 8
Cluster urban characteristics and results decreasing weights.
Measure FuzzyAHP rank FuzzyAHP weights Cluster Decreasing traffic lights Decreasing pedestrian crossings
1 Lighting density 29% Comfort 32% 32%
2 Presence of escalators /elevators 21% 22% 22%
3 Traffic lights 17% Street Environment 9% 18%
4 Pedestrian crossings 14% 15% 7%
5 Presence of green areas 7% Amenity 8% 8%
6 Non-main roads 5% 6% 6%
7 Park Bench 4% 4% 4%
8 Presence of panoramic points 3% 3% 3%
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Fig. 7. Classification of pedestrian network according to Index walkability attractiveness.

the findings are not adapted into applicable recommendations for
local authorities who are required to fulfil the needs and expectations
of their elderly citizens.

— If walkability can be considered as a relevant metric to assess the
suitability of a neighbourhood for individuals to walk through and
reach other parts of cities, little attention has been paid to the most
suitable locations and distributions of activities for the elderly. Few
studies have addressed the issue of how the supply of local and
welfare facilities for the elderly can contribute to increased urban
accessibility levels. In particular, this issue is central to the holi-
stic-systemic approach adopted in this study, where improving
urban accessibility requires the integration of activities, open spaces
(built and not built) and pedestrian behavior of the elderly.

To address the aforementioned limitations of current studies, the
Mobilage project aims to define a decision support tool for public ad-
ministrations to increase pedestrian access to urban services for the
population aged over 65. The research group of the Mobilage project
from the University Federico II is also working to improve elderly in-
dividuals’ access to urban services by improving the characteristics of
the pedestrian network.

In summary, the aims of this study are twofold: first, we aim to
quantify the weight of each characteristic of the pedestrian network and
the built environment using a Multi-Criteria Decision Analysis called the
Fuzzy Analytic Hierarchy Process (FAHP); second, we aim to identify
urban areas where improvements are needed to increase accessibility for
pedestrians.

3. Methodology and study area

The proposed methodology, aimed at identifying pedestrian paths
and related urban areas that are elderly-friendly in terms of accessibility,

is based on three main steps. The first is the FAHP analysis to quantify
the relative importance of each of the variables relating to walkability.
The second is a sensitivity analysis to ensure the consistency and broad
applicability of the FAHP output weights across a range of different
areas. The third step is a GIS-based micro-scale spatial analysis to clas-
sify portions of neighbourhoods according to their pedestrian accessi-
bility to urban services.

Prior to the FAHP analysis, we also undertook a comprehensive
literature review and applied the Delphi method, in order to guarantee
(i) the relevance of the variables used to measure the urban accessibility
of the elderly at a micro-scale level and (ii) the reliability of the initial
judgments attributed to them. In particular, we focussed on studies that
used similar MCDA approaches.

As an example, Joo and Kim (2011) and Moon et al. (2016) found
that pavement quality (e.g. type of material used) and absence of steps
are among the main factors encouraging walking. Wang et al. (2016)
and Bivina et al. (2019) identified safety (related to the perception of the
built environment), security (related to the presence of barriers, such as
crossings) and comfort (e.g. the presence of benches) as the major
characteristics influencing elderly walkability. Sayyadi and Awasthi
(2012), Lee and Park (2014) and Bivina and Parida (2019) also found
that the presence and quality of amenities (e.g. green areas) and open
spaces have the smallest impact and, thus, are among the lowest-ranked
urban accessibility characteristics.

Table 1 reports the set of variables that mostly affect urban acces-
sibility of the elderly, based on the results of previous studies of acces-
sibility and walkability in urban areas. These variables range from the
geometry of the pedestrian network to the aesthetics and pleasantness of
the built environment to take into consideration the range of urban el-
ements affecting the willingness of the elderly to walk to reach local
services.

The variables were classified into three main categories, in line with
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Fig. 8. Walkability attractiveness levels to reach economic services.

our previous studies (Cottrill et al., 2020; Zecca et al., 2020); we then
applied the FAHP to the “sense of security” (related to perceived pro-
tection while walking the paths) and “urban context” categories (related
to the attractiveness and amenities of the neighbourhood). In particular,
the latter category of characteristics “relates to how much the built
environment gives joy to the users aesthetically, attracts pedestrians to
use the space, pleases them with opportunities offered” and thus, in-
fluences the choice of pedestrian paths (Ujang, 2013).

The physical characteristics (relating to the geometry and quality of
paths) have not been included in our FAHP analysis as we considered
these to be the “basic elements” of a pedestrian path for the elderly: e.g.
streets with steep slopes, irregularity in sidewalk surfaces and restricted
available width for walking make areas inaccessible for older adults,
irrespective of their other characteristics.

Variables 5 to 10 (Table 1) extracted from previous studies were
screened using the Delphi method, which is a type of expert investiga-
tion method (Rowe, 1994). The experts were selected from the Hori-
zon2020 project platform, in particular taking into consideration their
involvement in projects on thus study’s main themes such as social in-
clusion, urban accessibility and walkability. Specifically, stakeholders
and project managers belonging to various universities and research
groups were useful in defining the panel of experts comprising perma-
nent academics and Italian and European researchers. Furthermore, the
selection of experts was also related to the Mobilage project and those
working in sectors of interest in the city of Naples who, therefore, are
familiar with the context of the area under study. In addition, pro-
fessionals and technicians working in public administration and the
elderly welfare sector were involved. In summary, to ensure practical
and effective answers based on professional knowledge, experience and
judgment on the topics studied (Ozdagoglu & Ozdagoglu, 2007;

Shahbod et al., 2020), 100 international experts from different fields
were invited to fill in an electronic questionnaire.

More than 70% of the experts filled in the electronic survey, which
was structured into three sections (Fig. 1): (i) a brief introduction
illustrating the aim of the work; (ii) control data (e.g. professional role);
and (iii) evaluation of the characteristics influencing the choice of a
pedestrian path for the population age over 65 by pairwise comparisons,
to obtain scores for application to the FAHP analysis. The weights of the
eight studied variables were obtained using a pairwise comparison
matrix (Podvezko, 2009; Skulmoski et al., 2007).

3.1. Fuzzy AHP analysis

The FAHP analysis was used to calculate the weights of the consid-
ered variables. Laarhoven and Pedrycz (1983) proposed the earliest
FAHP method, which is an extension of Saaty’s (1980) theory, based on
triangular membership functions describing the fuzzy comparison
judgments.

In general, multi-criteria methods work with different kinds of var-
iables (i.e., both qualitative and quantitative, such as the ones used in
this study) by supporting decision-makers in sorting several alternatives
based on the selected criteria (Brugha, 2004; El Gibari et al., 2019;
Herva & Roca, 2013). In particular, fuzzy methods have been employed
increasingly in recent years, especially in the fields of spatial and
mobility planning, as they allow uncertainty and subjectivity related to
users’ activity choices and trip modes to be overcome (Arce et al., 2015;
Sayyadi & Awasthi, 2012; Shafabakhsh et al., 2015; Wey & Chiu, 2013).
For instance, in the context of urban accessibility, built environment
characteristics (width of streets, presence of shade, etc.), trip purposes
(shopping, health, work, etc.) and age population groups (children or
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elderly) can all represent conflicting criteria when making decisions to
improve walkability (both at urban and neighbourhood levels) (Hansen
& Ombler, 2008; Moura et al., 2014; Oswald Beiler & Phillips, 2015;
Ruiz-Padillo et al., 2018).

Because of the triads of scores that the FAHP method assigns to each
criterion (in this case the urban characteristics influencing walkability
for the elderly), this method can take into account the uncertainty of the
criteria judges and thus tries to avoid “imprecise judgments of decision-
makers in conventional AHP approaches” (Ozdagoglu & Ozdagoglu,
2007). Accordingly, the FAHP method was selected as the most reliable
MCDA to accomplish the aims of this study.

Fuzzy analysis is structured hierarchically — the goal of the analysis
(i.e., the “friendliness” of pedestrian network) is placed at the highest
level of the structure, followed by the criteria that help to specify the
goal (the security and urban context categories) and, finally, the attri-
butes that are a further specification of these criteria (the scores we
associate to each variable).

As “humans are unsuccessful in making quantitative predictions,
whereas they are comparatively efficient in qualitative forecasting”
(Oguztimur, 2011), linguistic expressions can be a more useful and ac-
curate approach to making evaluations by linking them to the Saaty
scale, which transforms the linguistic variables to linear quantitative
values from 1 to 9 (Table 2). As shown, Table 2 outlines the translation
of the verbal judgment which defines the importance and influence of
each of the variables, as reported by the values in the ‘linguistic judg-
ment’ column. Furthermore, the table also shows a comparison between
the two methods used to attribute quantitative values to each verbal
judgment.

Table 2 shows the correspondence between the linguistic value and
the triad of numeric scores upon which the fuzzy technique is based. The
triad of scores (1, 2, 3) denotes the smallest possible value, the mean
value, and the largest possible value that describe a fuzzy event, where 1

represents the smallest and 3 represents the largest value. Based on the
above, using these triads of scores, the FAHP can overcome uncertainties
in the preference judgments (Fig. 2).

Given that the FAHP procedure is widely reported in detail in liter-
ature (e.g. Saaty, 2003; Yedla and Shrestha, 2003; Pohekar & Ram-
achandran, 2004), only the main phases of the FAHP approach are
described below.

FAHP analysis defines pairs of comparison matrices for all alterna-
tives to determine which of them are most important. These are square
(n * n), symmetrical and diagonal matrices. The result of the comparison
is the dominance coefficient ajj, representing an estimate of the domi-
nance of the element i over the element j.

To compare row i with column j, a score on the previously illustrated
scale is assigned (Fig. 1); note that the score of row j with respect to
column i will be equal to the reciprocal of this value. For instance, for a
very important decision in row i compared to column j, the score will be
M2; conversely, the decision score for row j compared to column I will be
equal to 1/M2 (Table 2).

Once the pairwise comparison matrix is obtained, the vector of the
percentage weights for each variable was calculated (Buckley, 1985).
The values were then normalized such that the weight of each variable is
on a scale from O to 1.

After defining the vector of priorities, an important step involves
verification of whether the matrix of pairwise comparisons is consistent
or not, i.e.,, to “measure” whether the subjective judgments of the
decision-maker in each comparison are consistent. Therefore, the
weighted average (on the weights of the criteria) of the impact of each
criterion on the decision needs to be defined, which allows the consis-
tency of the assessments to be validated. This is accomplished by
multiplying each column j of the matrix of the pairwise comparison by
the weight relative to that column.

The weighted sum value vector and the weight vectors of all the
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variables allow the maximum eigenvalue of the matrix (Amax), in order to
calculate the consistency of the matrix (CI) that guarantees that the
weights are coherent with their attributed scores:

Cl= (Amax —n)/(n— 1)

where 1 is the maximum eigenvalue of the matrix and n represents the
dimension of the matrix itself.

3.2. Sensitivity analysis

The sensitivity analysis allowed the effect of changes in weights of
the input values and the assumptions on final outputs to be evaluated
(Sayyadi & Awasthi, 2012; Tsai et al., 2010). The FAHP analysis ranking
is heavily dependent on the weights associated with the main criteria;
thus, small changes in the weights of criteria have a significant impact
on the final classification of the variables.

According to Balusa and Gorai (2019), “Sensitivity analysis is an
essential component of fuzzy-AHP decision-making models [...] as it
provides information about an alteration in the ranking of the alterna-
tives”. Nevertheless, previous urban accessibility studies mostly refer to
this type of analysis as a recommendation for future work. To date,
seemingly only Sayyadi and Awasthi (2012) developed this technique to
support decision-making processes in locating pedestrian zones. To this
end, 20 sensitivity analysis experiments were conducted. For the vari-
ables that were assumed to have a minor role based on the FAHP sorting,
the weights were increased in increments of 10%, up to a maximum
increase of more than 50%; conversely, for the variables that were
assumed to play a major role, the weights were decreased by up to 60%
to verify if these weight perturbations validate the results obtained from
the FAHP model. These tests were defined with the aim of assessing the

influence of the lowest weighted variables on the final results (related to
the urban context), as well as those that occupy an intermediate position
in the final ranking of FAHP outputs (Table 6).

Finally, the findings achieved by the fuzzy method and confirmed by
sensitivity analysis were integrated with spatial analysis, as, according
to Chandio et al. (2013), “the GIS is a powerful tool in spatial modelling
which involves a large number of spatial decision problems providing
alternative scenarios in the context of maps”.

3.3. Spatial analysis - index of walking attractiveness

The weights from the FAHP analysis and the physical variables’
values (Table 2) were associated with the links of the pedestrian network
in GIS. We then measured the walking attractiveness of the links whose
geometry and quality allow the elderly to walk them by calculating the
following index:

length of the arch
length of the arch* Y, FAHP weights

Index of walking attractiveness =

This index was defined to take into account both the possible
disadvantage caused by the distance that an older adult would need to
walk and the advantages linked to the presence of physical, safety and
urban context characteristics.

The walking attractiveness index values were then classified using
the natural breaks method into three intervals; by considering the
localization of the main services of interest to the elderly, the study
area’s pedestrian network was then ranked according to the “friendli-
ness” to the elderly using the GIS Network Analysis tool. In other words,
the portions of the neighbourhood surrounding a service were classified
into low, medium and high pedestrian attractiveness according to the
values of the index. The choice of three levels of classification (low,
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medium and high) is in line with approaches used in previous studies
(Saghapour et al., 2016; Yigitcanlar et al., 2007) and allows for an easy
to interpret representation of the obtained results. Furthermore, we
considered health, economic, cultural, leisure and commercial category
services, as these represent the main activities of interest for the popu-
lation aged over 65.

Overall, identifying urban areas with different degrees of walking
suitability for the elderly represents a useful support tool for local
decision-makers in defining where and how to best target their efforts to
increase urban accessibility for the elderly and, accordingly, improve
their quality of life.

3.4. Study area

The entire methodology was tested in two areas of the Arenella and
Vomero districts of Naples (Fig. 3). These are were selected due to the
relevance of their local context to this study, including demographic,
morphological and settlement characteristics (Gaglione et al., 2019;
Cottrill et al., 2020). These hilly areas represent opposing types of urban
fabric (unplanned vs planned) and therefore require different types of
changes to improve urban accessibility for the elderly given their dif-
ferences in terms of physical and functional organization. The urban
area near the hospital in the Arenella district is characterized by an
unplanned fabric as the building process was a consequence of the
saturation of the nearby Vomero district. The latter area, in contrast, is
characterized by a compact and planned fabric with a higher functional
mix than Arenella.
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4. Results and discussion
4.1. Delphi analysis results

Fig. 4 shows the results of the Delphi survey. Experts identified all of
the four characteristics related to the sense of security as the most
relevant aspects influencing urban walkability for the elderly, which was
an anticipated outcome given the importance of this aspect for access by
those over 65. Lighting density and presence of elevators/lifts obtained
the two highest scores (68.2% and 63.6% respectively), followed by
factors that allow the elderly to move from one street to another and
along it: traffic lights (50%) and pedestrian crossings (45.5%). Among
the urban context characteristics, the presence of green areas has the
greatest impact by far on the choice of a pedestrian path (77.3%),
confirming that open but unbuilt spaces are recognised as a key element
for the attractiveness of a walkable route (Hillsdon et al., 2006; Tribby
etal., 2016). The presence of benches was recognised as the second most
important urban element relevant for walking together with the pres-
ence of non-main roads (50%), unlike panoramic points received much
lower importance scores (45.5%).

4.2. Fuzzy AHP analysis results

The previous outcomes allowed the weight of each criterion (vari-
able) influencing the elderly’s walkability to be calculated using the
FAHP technique. Tables 3-6 illustrate the results of this MCDA accord-
ing to its main steps (see Section 2). Relative to the main diagonal of the
pairwise comparison matrix (Table 3), each row i compared to column j
of the upper right-hand side of the matrix consists of the triads of scores
as assigned by the judgments of the Delphi experts. The decision values
of row j with respect to column i, equal to the reciprocal of the values
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above, are reported on the lower left-hand side of the matrix.

The values of this matrix were normalized (Table 4) and each column
j of the pairwise comparison table (Tables 3 and 4) was multiplied by the
weight of that column to obtain the weighted sum value (Table 5). By
calculating the average of each row of the normalized pairwise com-
parison matrix, the normalized weight vectors (option weight vector)
were obtained (Table 5). To verify the consistency of both the judgments
attributed to the variables and the matrix itself, the maximum eigen-
value of the matrix was computed as the ratio between the weighted sum
value and the option weight vector for each criterion (Table 5). Finally,
Table 6 reports the percentage weight of each variable. The outputs
obtained from the computer software, aimed at performing the FAHP,
defined the global and local weights of each of the pedestrian charac-
teristics under consideration.

Table 3 shows the outputs obtained from the matrix of the pairwise
comparison between variables. This matrix has the characteristic of
being symmetrical and diagonal — with respect to the main diagonal on
the right of the table, the upper-right of the matrix contains scores for
the triad of FAHP values defined by the panel of experts, in terms of
values for row i with respect to column j. On the lower left, in contrast,
the decision values of row j with respect to column i are shown, equal to
the reciprocal of the values in the upper right.

Table 4 describes the matrix normalization process such that the sum
of the elements is equal to 1. In particular, the table first shows the
transformation of the triad of values into a single value by defining the
centre of the area of each triad of values, which is useful for both
normalizing them and defining the priority of each of the variables being
considered.

To validate whether the matrix of the pairwise comparison is
consistent or not, we try to “measure” whether the judgments defined by
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the panel of experts are consistent. For this verification, it is necessary to
perform some intermediate steps, as shown in Table 5.

To define the coherence of the pairwise comparison matrix of the
pairwise comparison, it is necessary to define the maximum eigenvalue
of the matrix, Amax, Which is given by the average of the ratios between
the weighted averages and the relative percentage weights.

Table 5 further outlines this relationship. In detail, the weighted
averages are defined by multiplying each column j of the pairwise
comparison (Table 3) by the weight relative to that column in order to
define the weight sum value. The ratios between the weight sum values
and weights and their averages define the maximum eigenvalue of the
matrix. Having deduced this value, it was possible to define the overall
consistency ratio and consistency index of this matrix, which confirmed
the consistency of the judgments attributed.

Finally, Table 6 shows the ranking of the variables expressed in
percentage terms.

The results obtained show the primary importance of characteristics
linked to the sense of safety and protection during the walking experi-
ence for the elderly and, secondly, the characteristics of the urban
context that are linked to the pleasantness and attractiveness of the
pedestrian path, for example, due to the presence of street furniture that
improves the degree of comfort during the journey.

4.3. Sensitivity analysis results

To ensure the reliability of the final weights of the input values (i.e.
the FAHP scores), a series of sensitivity analyses were developed. As an
example, of the 20 experiments undertaken, the weights of the pedes-
trian characteristics increased/decreased by 50% are reported, as these
are the perturbations with the most significant weights. In particular, in
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the first four scenarios, the weights of variables such as “green areas”,
“presence of panoramic points”, “bench” and “non-main roads” were
increased by 50%, whereas, the “traffic lights” and “pedestrian cross-
ings” variables were decreased by the same amount. These experiments
were defined to also consider the rank of the FAHP scores, where three
clusters of variables can be identified whose distances (between one
group and another) are well defined (Table 7). The “comfort” cluster has
such a high weight (over 20% compared to the others) that these values
would remain the same size even if they vary; in contrast, the second and
third groups, “street environment” and “amenity” have values far above
and below 10%, respectively.

Figs. 5 and 6 report the results of the sensitivity analysis of the tests,
showing that they do not differ much from the FAHP ranks. The weight
values of the comfort variables’ cluster increased by three percentages in
both the decreasing scenarios, whereas, they slightly decreased in the
increasing scenarios. In all the increasing scenarios, the weights of the
street environment variables’ cluster reduced by one percentage point
(Fig. 5); however, not all features in the amenity variable cluster
increased their values in the decreasing scenarios: both park bench and
presence of panoramic points hold the same weights (Fig. 6). Finally, the
presence of green areas and the presence of panoramic points are
characterized by a higher decrease of weight (in the increasing sce-
narios) compared to the other two amenity variables (Fig. 5).

In summary, by observing these orders due to such changes, the first
variable type is relatively insensitive to changes in weights. Therefore, it
can be stated that the FAHP scores are consistent and reliable (Table 8).

4.4. Index of walking attractiveness results

The level of confidence attributed to the sensitivity analysis and
FAHP findings allowed us to calculate the index of walking attractive-
ness of the pedestrian network, according to its physical characteristics.

More specifically, we linked the distance that an older adult has to
walk to the pleasantness and the perceived safety during the walking
experience and to the viability of a pedestrian path. This allowed us to
not only classify the network but also highlight two key aspects: (i)
identify the portions of the pedestrian network where improvements are
required — these recommendations can be made based on the weights
defined by the FAHP to improve both the individual characteristics
considered and the overall usability and attractiveness (Fig. 7), and (ii)
identify the “optimal” routes that currently possess all the qualities
(characteristics) under consideration and that are already suitable for
use by the elderly. Routes intended for pedestrian use only are also
identified as suitable for the elderly using this approach.

In particular, the application of this approach to Naples highlights
that the paths adjacent to the areas of Piazza Vanvitelli and Piazza
Medaglie d’Oro (which can be identified as the “central areas” of the
Vomero and Arenella districts, respectively) are suitable for elderly
people, even if most of the pedestrian paths require improvement mostly
in terms of the characteristics linked to the sense of safety and protection
for the elderly. The pedestrian network of the first study area appears to
be more “elderly” friendly than the other (Fig. 7). In fact, both in the
area of the Rione Alto and the area adjacent to the hospital, the pedes-
trian paths require modifications for use by the elderly. Specifically, in
the Arenella district, the only network links suitable for the elderly are
Via Domenico Fontana and San Giacomo di Capri, both from the point of
view of safety and of the urban context.

Furthermore, the Vomero district has paths intended only for pe-
destrians, whereas, these are entirely absent in the Rione Alto area. In
addition, the pedestrian areas close to Piazza Vanvitelli, such as Via
Scarlatti, have safety features and an urban context that make them
pleasant to be walked by the elderly (e.g. pedestrian crossings, public
lights and benches); in contrast, pedestrian paths such as Via Enrico
Alvino, Piazzetta Arenella and Via Niccolo Piccinini do not present such
urban context and safety characteristics, even though they are only
pedestrian areas (Fig. 7).
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In summary, the study area of Naples is characterized by better
pedestrian accessibility in the Vomero district than the Arenella area due
to gaps in the planning process. The Vomero area is characterized by a
planned and unitary urban fabric compared to the Arenella area, which
is characterized by an unplanned fabric, where little attention was paid
to the linear elements (i.e. the roads) of the built environment, in
particular, their arrangement both in terms of safety and comfort for
pedestrian users.

The walkability index values were then related to the localization
and distribution of services of interest for the elderly, in order to classify
the study areas into the three levels of low, medium and high pedestrian
attractiveness. Figs. 8-10 show how the affordability of reaching a ser-
vice varies according to the safety and urban context characteristics of
paths that are walkable (taking into account the physical characteristics
given in Table 1).

The supply of economic (post office, banks, unions and municipal
office) and health (pharmacies, poly-diagnostic centre and local health
authority (ASL)) services is widespread in both districts of the study
area, with economic urban facilities being more common (Figs. 8 and 9).
Both types are distributed within the planned design urban fabrics, in
particular along their main streets, such as via Alessandro Scarlatti and
via Francesco de Mura in the Vomero neighbourhood and via Giulio
Palermo and via Domenico Fontana in the Arenella neighbourhood.
Nevertheless, the walking attractiveness for economic services is lower
than that of health activities, as the paths of the pedestrian network that
allow access to these economic services lack safety and urban context
characteristics (Fig. 7).

In terms of cultural services (e.g. cinema, church, library), this type
of facility is absent from the Arenella study area but is the most common
type in Vomero. Compared to other recreational activities, such as
commercial and leisure types, cultural services are not homogenously
distributed in both neighbourhoods (Figs. 11 and 12). Cultural facilities
are mainly concentrated near the Medaglie d’Oro and Vanvitelli squares,
the latter of which has slightly better walkability attractiveness and
characteristics of an age-friendly pedestrian network (Figs. 7 and 10).
Other cultural services are located at the borders of the study area (along
via Vincenzo Gemito), for example, commercial services (e.g. super-
markets) (Fig. 10); in some cases, these are characterized by high
walkability attractiveness or suitability areas with strictly reduced di-
mensions (e.g. via Francesco Verrotti in Vomero district or via Giulio
Palermo in the Arenella neighbourhood).

In line with the recreational activities, there is a lack of leisure fa-
cilities in both study areas (Fig. 12). The few unevenly distributed lei-
sure services in the Vomero neighbourhood area are characterized by
medium-low walkability attractiveness with suitable paths for the
elderly, unlike the Arenella study area where the pedestrian routes do
not correspond to the needs of the elderly.

The findings of this study show that to reach the main urban services,
people over 65 have access to only short path areas that meet their
physical, safety and urban context expectations, while almost the whole
pedestrian network lacks them. As the low walkability attractiveness
areas have high continuity, the high walkability attractiveness areas
tend to be well separated; the low attractiveness represents a combi-
nation of not only the lack of security and urban furniture that would
improve the comfort of the paths but also poor physical quality, such as
inadequate pavement conditions. In fact, the high and the medium
walkability attractiveness areas are often characterized by the presence
of pedestrian-only streets that are suitable for the elderly by default.

5. Conclusions

Urban pedestrian accessibility has received increasing attention
among both the scientific community and public administrations
because of the consequences caused by the Covid-19 pandemic in all
urban areas.

An improved understanding of service proximity and the
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surrounding network of open built spaces and streets can be an impor-
tant tool to address issues raised within cities during the pandemic, such
as the profound modifications of ways and times that city users have had
undergo to organize their travel at both local and territorial levels
(Delponte et al., 2020; Zecca et al., 2020).

In terms of the broader perspective of improving the safety and
pleasantness of “active travel” (pedestrian and cycle paths), the Mobi-
lage project aims to increase quality of life (in particular of those over
65) by improving pedestrian accessibility to urban services.

The results of this study allow the accessibility levels on a micro-scale
to be defined through an integrated analysis of the distribution and
location of urban services and the attractiveness of pedestrian paths. The
further research steps described in this paper relate to a methodology
integrating different multicriteria decision, statistical and GIS analysis
types. This approach allows different levels of pedestrian accessibility to
the main urban services to be defined by taking into account several
characteristics of footpaths such as the sense of security perceived by the
elderly in walking them, in addition to their usability and attractiveness.

The FAHP technique is significant for the analysis of spatial planning
issues as it can effectively weight numerous urban characteristics
influencing pedestrian accessibility to support complex decisions by
planners and decision-makers, including competing criteria. The inte-
gration of this process with GIS techniques allowed a useful walkability
index to be obtained to help achieve the project’s aims of social inclusion
and ageing friendliness.

Using these innovative research tools, our results highlight the por-
tions of the municipal area to be prioritized, including areas where it is
possible to increase the levels of safety and attractiveness of a route in
relation to access to urban services. Considering integrated actions be-
tween urban services in terms of both their localization and distribution
and neighbouring pedestrian paths is an element that contributes to
increased urban accessibility (Gargiulo et al., 2018; Koohsari et al.,
2018). According to Fancello et al. (2020) “understanding how space
and the environment influence citizens’ preferences and values is a
fundamental step to achieve spatial and social justice in the access to
urban opportunities”.

In addition, the range of possible actions and improvements, defined
on the attractiveness and safety of a path and the distribution and
localization of urban services, constitute a future development aim for
this research; our approach also represents a support tool for local
decision-makers which aims to integrate multiple criteria to improve the
quality of life of the elderly population and reduce their social exclusion.

However, it is important to also recognise the limitations of this
study. The primary issue is the direct distribution of a questionnaire on
access for the elderly; while useful for defining the preferences and
choices of these users in choosing one path over another, the set of
characteristics under investigation of the pedestrian paths and the built
environment was somewhat limited. This was a result of the charac-
teristics precisely relating to specific links of the pedestrian network
since there are no specific datasets at a local level affecting the definition
of the weights. In turn, future versions of the walkability index could
take into account a wider set of characteristics in relation to the distance
an elderly person should travel.
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