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Abstract: The scientific literature shows some attributes of neighborhood built environments that can
contribute to promoting physical activity, thereby encouraging older adults to take outdoor walks.
The aim of this study was to measure the walkability of 20 neighborhoods in five Italian cities using
the Walking Suitability Index of the Territory (T-WSI) to evaluate their propensity to support walking
for elderly people and to suggest some specific good practices to local authorities. Our investigation
shows that although the neighborhoods present very different physical and morphological character-
istics, most of their walkability levels are low. The overall T-WSI value is equal to 46.65/100, with a
wide variability between districts (from 28.90/100 to 68.28/100). The calculation of the T-WSI shows
that the problems and critical issues are similar between districts, independent of their sizes, and they
refer mainly to the same categories and indicators. In general, the results relating to both the safety
(e.g., protection from vehicles, road lighting, etc.) and urbanity (e.g., road equipment) of districts are
very deficient.
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1. Introduction

Physical activity is one of the most important measures for maintaining health in later
life; it contributes to improving metabolic parameters; reducing falls, fall-related injuries,
frailty, and osteoporosis; and improving physical function in general [1,2]. Before 2020, the
World Health Organization (WHO) recommended adults and over-65-year-olds to practice
at least 150 min of moderate physical activity, or 75 min of intense activity, every week [3].
Today, the most recent recommendations consider physical activity useful for health even
if only practiced for short sessions, with the aim of counteracting completely sedentary
lifestyles [3,4].

In general, individuals should start with small amounts of physical activity and grad-
ually increase its frequency, intensity, and duration over time. Walking or engaging in
different types of physical activity (e.g., gardening) can help improve physical function,
bringing several health benefits. Multicomponent physical activity (combinations of bal-
ance, strength, endurance, gait, and physical function training) is indicated for reducing
the risk of fall-related injuries. Therefore, the WHO recommends that older adults adopt a
varied, multicomponent physical activity program at a moderate intensity on 3 or more
days a week to enhance functional capacity [4].

Despite these recommendations, many elderly people remain inactive; it has been
estimated that in Italy the percentage of inactive elderly people is over 39%, with peaks
of >50% in the south of the country [5], mainly among people living in city areas [6–8]
that are deprived due to economic difficulties, cultural barriers, or low levels of education.
Furthermore, in 2020, an important increase in sedentary lifestyles was detected, probably
due to the containment measures related to the COVID-19 pandemic; this trend continued
in 2021 [5].
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The scientific literature shows that neighborhood built-environment layouts can con-
tribute to promoting physical activity, encouraging older adults to take outdoor walks [1,9–19].
Depending on an area’s characteristics and its socioeconomic level, inequalities in the
pedestrian infrastructure [20], greenery, and aesthetic quality of the built environment are
commonly observed; these disparities play an important role in influencing the perceived
safety of neighborhoods and the propensity of people to take outdoor walks [12,20,21],
especially if they are older adults.

In fact, the built environment contributes aspects such as the neighborhood residential
density, the land use mix, and route connectivity, but also other aspects, including perceived
safety, the available pedestrian infrastructure, and aesthetics, all of which can strongly
influence elderly people in their choice to walk [22–27].

Moran et al. (2014) [12] grouped the environmental determinants influencing walking
into five major categories: pedestrian infrastructure, access to facilities, aesthetics, envi-
ronmental conditions, and safety. For example, the presence of sidewalks, their continuity,
quality, maintenance level, and slopes, and the presence of temporary obstacles are all
factors that interfere with walkability [12,25,26,28–31]. Likewise, the suitability of street
furniture is of relevance, especially the presence of benches and seats for stopping during
walks [12,29,30,32–34].

In terms of access to facilities, the presence of food outlets, easy access to various other
daily commercial/institutional destinations, and easy entrance to buildings and public
transport are all factors positively associated with the propensity of older adults to move
around on foot [12,17,32–43].

It follows that proximity to various destinations, including health services, in the neigh-
borhood is an aspect of primary interest in the design of a neighborhood that is friendly
towards elderly people; these provisions both make the neighborhood livable and promote
physical activity [17,18,44,45]. On the contrary, every condition that increases the fear of
crime or accidents is a documented obstacle to active living in a neighborhood [17,18,41].
Therefore, to promote outdoor walks for elderly people, several authors have suggested
also paying attention to other factors, such as good lighting for paths, the availability
and proximity of non-isolated trails and well-lit outdoor green spaces, and aesthetically
enjoyable pathways [12,14,21,30,32–34,38,39,46,47].

Despite the evidence of the influence of environmental factors on the physical activity
of elderly people, local authorities have incorporated these good practices very slowly;
additionally, in several previous investigations, shortcomings were observed in neighbor-
hoods’ environmental attributes related to walkability, mainly those regarding safety and
amenities [48–51].

Generally, excluding a few cases [17,25,26,31,40,47], these investigations have not been
specifically focused on the needs of older people. The present study aims to focus on this
topic, comparing the walkability of several neighborhoods in two Italian regions, located in
the center and the south of the country, to evaluate elderly people’s propensity to favor
outdoor walks and to suggest some specific good practices to local authorities.

2. Methods
2.1. Investigated Neighborhoods

This study investigated how suitable walkability levels are for older people, focusing on
neighborhoods in five Italian cities (Rieti, Cassino, Monterotondo, Rome, and Benevento).

These cities, located in the Latium and Campania regions, were selected because they
have different sizes, offering us the opportunity to investigate small, medium, and large
municipalities with different degrees of complexity (see Table 1).
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Table 1. Percentage of population ≥ 65 years (sources: https://www.comune.roma.it/web-resources/
cms/documents/La_popolazione_a_Roma2019.pdf (accessed on 10 November 2023) [52]; https:
//www.tuttitalia.it/lazio/ (accessed on 10 November 2023) [53]).

Municipality % Population ≥ 65 Years Total Population

Rome—Municipio I * 25.7 167,330

Rome—Municipio III * 24.1 205,759

Rieti ** 25.8 45,557

Monterotondo ** 19.0 41,060

Cassino ** 23.0 35,235

Benevento ** 23.8 56,916

Latium Region ** 22.8 5,714,882

Campania Region ** 20.1 5,624,420

Italy ** 23.9 59,030,133
* “Municipio I and III” are administrative subdivisions of the municipality of Rome; ** updated for 2021.

The neighborhoods of each city were chosen with the aim of comparing their streets’
physical and infrastructural characteristics based on the following criteria:

(a) Having a high percentage of elderly people living in the district in comparison with
the regional and national average.

(b) Belonging to different construction eras and having different sizes, urban layouts,
and complexities.

In general, the selected districts have a 300–500 m radius, a distance easily walkable
in a few minutes by populations of all age groups. This size matches the “environmental
areas” already described elsewhere by several authors in the literature [48–51,54,55]. These
are areas protected from traffic flows and crossings, where the viability is characterized by
a hierarchy of roads; the surrounding roads for crossing traffic are distinguished from the
internal roads for local traffic.

Based on size, the neighborhoods were classified into the following categories:

• Small districts (A) if their areas were ≤250,000 square meters;
• Medium districts (B) if their areas were between 250,000 and 500,000 square meters;
• Large districts (C) if their areas were over 500,000 square meters.

2.2. The Measure of Walkability and the Walkability Suitability Index of the Territory Characteristics

The literature shows a wide range of instruments and methods to measure walkability
both for elderly people and the general population. As shown in Table 2, we grouped them
in categories based on their characteristics, their use for the evaluation regarding elderly
people, and their pros and cons.

In our opinion, many tools, like those mainly based on data analyzed using GIS,
are not able to evaluate environmental quality. On the contrary, direct observation can
help analyze the physical factors (e.g., obstacles) interfering with walkability, for example,
reducing the use and access of urban streets and structures to some vulnerable groups,
such as older people [49].

Many tools to measure walkability consider the population as a whole [47]. A few,
although specifically designed to measure walkability for elderly people, do not calculate
relevant differences in terms of evaluation parameters, since elderly people are one of the
main target populations regarding walking in districts.

https://www.comune.roma.it/web-resources/cms/documents/La_popolazione_a_Roma2019.pdf
https://www.comune.roma.it/web-resources/cms/documents/La_popolazione_a_Roma2019.pdf
https://www.tuttitalia.it/lazio/
https://www.tuttitalia.it/lazio/
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Table 2. Methods in use to evaluate walkability and their characteristics.

Method Characteristics References Pros and Cons

Self-reported measures:
interviews and questionnaires

- Study how individuals perceive their surroundings;
- Investigate the relationship between walkability and urban factors

influencing citizens’ choices (quality of infrastructure, social status,
environmental conditions, aesthetics, perceived safety, vegetation, public
lighting, cleanliness, etc.);

- The most common method for measuring physical activity (ref. dd2);
- Widely used for investigations concerning elderly people, generally in

combination with other types of walkability measurements (GIS-based
methods and audits).

[24,47,56–72]

- Qualitative methods;
- Require specific skills to ensure

that all participants’ views are
considered.

Walkability audits

- Evaluate pedestrian facilities and identify specific improvements to increase
routes’ attractiveness to pedestrians;

- Can be translated into local policy recommendations aiming to promote
safer and healthier behaviors among community members and ensuring the
full commitment of local administrators in the long term;

- Often used for investigations concerning elderly people (often in
combination with interviews and questionnaires).

[25–27,31,65,66,73,74]

- Include both quantitative and
qualitative data processes and
analyses;

- Based on direct observation of
reality.

GIS-based methods

- Introduce standardized measures that could evaluate different variables;
- Can process more complex calculations and analyses considering a large

number of variables;
- Can process more variables from statistical data associated with the area in

hand;
- Widely used for investigations concerning elderly people (often in

combination with interviews and questionnaires).

[24,40,47,60,65,67,72,75–89]

- Quantitative methods;
- Evaluate built environment’s

physical drivers and barriers;
- Require specific skills to process

GIS information and
calculations;

- It takes time to analyze the data;
- Based on archival datasets,

which do not consider the
environmental quality of the
context;

- Not based on direct observation
of reality.
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Our aim was to evaluate the walking-friendliness of the whole neighborhoods where
elderly people walk, independently of the distance covered by walking.

For that reason, to measure walkability, we designed and used the “Walking Suitability
Index of the Territory” (T-WSI) [48–50,55], a tested and scientifically validated measuring
tool, as described in previous investigations [48–50,55]. Its characteristics, methods of use,
and evaluation criteria have been described in previous studies [48–50,55]. In this paper, we
will again describe these methodological components to explain the reasons we consider
this tool suitable for measuring walkability for elderly people.

Compared to other methods, the T-WSI is easier to use and less expensive.
More in depth, the T-WSI includes 12 indicators built using data that are easy to

collect from a specifically trained observatory. These indicators were grouped in four cate-
gories with the aim of performing a multi-scope assessment measuring the neighborhoods’
practicability, safety, urbanity, and appeal in terms of suitability to promote active walking.

The category of practicability aims to assess how the current quality of sidewalks
may affect the actual usability of the walking infrastructure, referring to three specific
indicators: the quality of the sidewalk surface, the presence of obstacles, and the slope.
All these indicators are of particularly high interest for elderly people, as well as other
vulnerable groups, since they may have difficulties using sidewalks. In fact, several
specific tools built to measure walkability for elderly people take these measures into
account [12,17,24–26,31,90].

The safety category is equally important; this aims to describe the level of protection
from danger due to motorized vehicles and includes the following indicators: safeguarding
from vehicles, road lighting, and safe crossings. These indicators focus on visibility in
the street, permitting people both to see and to be seen, especially while crossing, which
is a particularly critical issue for elderly people [12,17,32–34,38,39,47]. In particular, the
safeguarding from vehicles indicator is used to assess whether pedestrians in general, and
elderly people in particular, can walk in the street free from risks originating from private
cars (e.g., due to illegal, overspill parking onto sidewalks) and have good visibility when
next to crossing areas. The road lighting indicator is used to evaluate the public lighting
adequacy, which is generally not designed to satisfy pedestrians’ requirements (e.g., fear
of crime). Finally, the safe crossing indicator is used to assess the level of safety for elderly
people specifically at intersections in terms of the availability of signs and signals.

The attractiveness of a street depends on several characteristics [2,12,14,30], including
the availability of services and shops, but also having sidewalks of sufficient width and
street furniture such as benches. This is of particular importance for elderly people, since
this equipment gives them the opportunity to stop and rest as well as socialize during
their walk [1,2,7,12,17,31,41,47]. The aim of the urbanity category is to evaluate the different
factors that contribute to creating pleasant and attractive walking conditions regarding
the functions offered (measured by the indicator activity mix), the size of the sidewalk
(measured by the indicator sidewalk width), and the availability of equipment to promote
elderly people walking (measured by the indicator street furniture).

The category pleasantness, or appeal, referring to the sphere of wellbeing, is interpreted
as the evaluation of the possible ambient stimuli that may affect elderly people walk-
ing [1,2,12,17,21,32,38,46,47]. The following indicators are used to simplify this complex
realm: the traffic, since it can hinder walking; the harmony of the surrounding building
stock, which can influence the area’s appeal; and, similarly, the vegetation, which is used to
evaluate the presence and maintenance of vegetation in the area.

The categories, the indicators, and their respective weights were developed by a
multidisciplinary panel of experts (urban planners and transportation and public health
professionals) who were asked to assess the overall T-WSI index and define weights for
each category and indicator [48,51]. Table 3 reports the results of the discussion.
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Table 3. Evaluation categories, indicators, weights, and assessment scores (from [50], modified
by authors).

Category Weight Indicators Weight Evaluation Criteria (Scores)

Excellent (1) Good (0.70) Poor (0.35) Not Acceptable
(0.00)

Practicability
P 0.30

Sidewalk
surface

P1
40 No distress, level Scarcely

distressed, level

Irregular and
recurrently

distressed, not
totally level

Irregular and
severely

distressed,
unleveled

Obstacles
P2 25 None Scarce Few Continuous

Slope
P3 35 <2% 2–5% 6–8% >8%

Safety
S 0.25 Speed control

S1 31

Pedestrian zone,
zone 30/20/10

with speed
reduction
devices

Zone 50 with
speed reduction

devices

Few speed
reduction
devices

None

Public
lighting

S2
31

Bollard/pencil
lights fully
available

Bollard/pencil
lights partly

available
Just light poles Poor overall

lighting

Safe crossing
S3 38 All signaled and

protected
Most signaled

and/or protected
Some signaled

and/or protected
Neither signaled

nor protected

Urbanity
U 0.22

Sidewalk
width

U1
40

Clearance > 4 m
(>3 m residential

street)

2.5–4 m
clearance (2–3 m
residential street)

1.5–2.5 m
clearance (1–2 m
residential street)

Clearance < 1.5 m
(>1 m residential

street)

Street
furniture

U2
25

Available,
well-maintained,
partly covered

Partly available,
maintained

Poorly available,
unmaintained Not available

Activity mix
U3 35 Mixed and

continuous
Moderately

mixed

Mostly
monofunctional,

residential

None, just fences
and walls

Appeal
A 0.23 Traffic

A1 38 <300 veh/h 300–600 veh/h 600–1000 veh/h >1000 veh/h

Building
stock
A2

31 Detached houses,
3 stories max

Low-rise blocks,
3 stories max

High-rise blocks,
9 stories max

High-rise and
towers,

>10 stories

Vegetation
A3 31 Continuous and

varied Scattered Scarce None

Furthermore, a spreadsheet was designed for entering the collected data and calculat-
ing the indexes. Taking into account the number of indicators, the spreadsheet includes
a 12 × n matrix, where n is the number of rows, one for each street of the neighborhood.
This required an initial classification of each street of the neighborhood and knowledge of
its length. For example, considering the safety category, its score S (sco) for street n.1 was
calculated as:

S (sco1) = Sw[(a × S1w) + (b × S2w)+ (c × S3w)]

where:

Sw = category weight for safety;
S1w, S2w, and S3w = weights for indicators S1, S2, and S3, respectively;
a, b, and c = scores assigned by the surveyors to the indicators S1, S2, and S3, respectively,
in the 1–0 range.
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The total safety score for all the n-streets in the neighborhood was then calculated as
the sum of all the n-Ssco values calculated.

The same procedure was applied for the other evaluation categories (practicability,
urbanity, and pleasure) and for the relative indicators, each with its weight as indicated in
Table 3. Consequently, it was possible to calculate the Street Index–SI1 as:

SI1 = Psco1 + Ssco1 + Usco1 + Asco1

The neighborhood index results as the sum of the weighted averages of each street
index, in which the length of each street is considered, since it is a relevant factor in the
overall assessment of the streets’ network.

Therefore, the final calculation of the T-WSI walkability index is the following:

T-WSI = (l × SI)/L

where:

l = length of the street (m);
L = length of the neighborhood streets (m).

Using the calculation for all the streets in the neighborhood, it is possible to calculate
the total value of the T-WSI for the neighborhood.

Before collecting the data, a team of surveyors was trained on how to score the
items, especially focusing on defining some characteristics which might cause uncertainty
or subjectivity.

An in-depth description of the calculation methodology is reported in [51].
Before carrying out this study, an evaluation of the T-WSI’s reliability and reproducibil-

ity was performed; the results are reported in [55].
In this study, the average T-WSI index of all neighborhoods was calculated to define

a benchmark value for comparison. The average T-WSI values for the categories and
indicators were then calculated for each group (A, B, and C) (Section 2.1) in order to
observe any significant differences related to the neighborhoods’ sizes.

Finally, to understand how diffused the shortages in the streets of the investigated
districts were, for each district, the percentage of streets with acceptable indicator values
(≥0.7 or ≥70%) was calculated. The objective of this analysis was to understand how many
streets had characteristics that permit elderly people to walk throughout the districts safely
and pleasantly.

3. Results
3.1. Investigated Neighborhoods’ Characteristics

The study analyzed 535 streets in 20 neighborhoods located in five cities, studying an
overall street length of about 120 km (119,808 m). Table 2 shows the districts’ characteristics.
Overall, the population living in these areas amounts to 77,321 inhabitants (inh) (Table 4),
with an average density of 12,085.74 inh/km2.

Neighborhoods markedly differ in terms of size and population density; the average
density of the whole study area is about 12,085.74 inh/km2, ranging from “Salaria” (Mon-
terotondo), the least densely inhabited neighborhood (170.98 inh/km2), to “Rione Libertà”
(Benevento), the most densely inhabited neighborhood (29,203.34 inh/km2).
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Table 4. Characteristics of the investigated neighborhoods (sources: Registry Office of the municipal-
ity of Rieti; Registry Office of the municipality of Monterotondo; Registry Office of the municipality
of Benevento; Registry Office of the municipality of Cassino; https://www.comune.roma.it/web-
resources/cms/documents/La_popolazione_a_Roma2019.pdf (accessed on 10 November 2023) [52];
https://www.tuttitalia.it/lazio/ (accessed on 10 November 2023) [53]).

City Neighborhood Period of
Construction

Population
(inh)

Density
(inh/km2) Surface (m2) Streets (#)

Overall
Street

Length (m)

Rieti Città Giardino 1950–1980s 1375 11,052.3 124,408.00 17 3607
Quattro strade 1920–1990s 2138 10,751.0 198,866.00 21 4704
Fiume dei Nobili 1950–1980s 824 6901.2 119,400.00 16 2872
Molino della Salce 1950–1980s 915 5962.4 153,462.00 18 4017
Borgo S. Antonio 1950–1980s 1849 8788.7 210,383.00 25 4135
Viale dei Flavi 1920–1950s 738 8037.5 91,820.00 10 2214
Regina Pacis 1950–1980s 239 13,589.3 175,874.00 25 4977
Piazza Tevere 1960–2000s 1765 6444.5 273,879.00 20 3607
Villa reatina 1920–1990s 2303 8157.4 282,320.00 19 3733
Fassini 1920–1990s 2437 7912.7 307,985.00 23 585
Micioccoli 1960–2000s 3562 6233.9 571,395.00 27 6721
Campoloniano 1960–2000s 395 5396.1 732,015.00 39 8349

Monterotondo Stazione 1930–1990s 3171 348.5 9112.06 24 5151
Green Village 1950–2000s 3097 461.9 6718.00 27 606
Salaria 1930–2000s 3014 170.9 17,729.41 16 3217

Rome San Saba 1900–1920s 3531 3190.2 1,106,800.00 26 4125
Tufello 1930–1970s 14,577 16,755.1 870,000.00 72 1836
Sacco Pastore 1940–1960s 10,325 22,445.6 460,000.00 26 5335

Benevento Rione Libertà 1930–1950s 12,207 29,203.3 418,000.00 70 19,669

Cassino San Bartolomeo 1969–1990s 3153 11,785.1 267,540.80 14 3099

Total 1990–2000s 77,321 12,085.7 6,397,707.27 535 119,808

All investigated neighborhoods were built in the last century (from the 1900s to the
2000s) (Table 4). Each study area was classified according to the periods of urbanization,
which involve different local urban textures and building characteristics, as described
below. Table 5, depicting the main characteristics of the building stocks of the investigated
districts categorized by construction era and city of origin, shows the wide variability in
building typology observed.

Figure 1 shows the satellite imaging of the twenty districts, providing an indication
about the territorial layout of each one. The investigated areas are delimited by red borders.
The lowercase letters in each image are used to identify the neighborhood, and they are the
same as those reported in Table 3.

As already reported in previous papers [48–51,55], the 12 test areas in the city of Rieti
belong to four main periods of urbanization (Tables 4 and 5). The oldest is “Vale dei Flavi”
(a), built between the 1920s and 1950s. This area shows a high-quality built environment
and mixed land use (Table 5). It has 738 inhabitants and an overall area of 91,820.00 m2

(average density: 8037.5 inh/km2). The few streets included in the analysis of the district
(10 streets) cover a length of 2.214 m.

https://www.comune.roma.it/web-resources/cms/documents/La_popolazione_a_Roma2019.pdf
https://www.comune.roma.it/web-resources/cms/documents/La_popolazione_a_Roma2019.pdf
https://www.tuttitalia.it/lazio/
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Nobili, (g) Molino del Salce, (h) Regina Pacis, (i) Borgo, (j) Piazza Tevere, (k) Micioccoli, (l) Campo-
loniano, (m) Stazione, (n) Salaria, (o) Green Village, (p) San Saba, (q) Sacco Pastore, (r) Tufello, (s) 
Rione Libertà, (t) San Bartolomeo. 
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and “Green Village” (o), are small (from 6718.00 m2 for “Green Village” (o) to 17,729.41 m2 
for “Salaria” (n)), with a very low population density (from 170.9 inh/km2 for “Salaria” (n) 
to 461.9 inh/km2 for “Green Village” (o)) (Table 4). The building stock can be associated with 
two main periods of urbanization. “Stazione” (m) and “Salaria” (n) belong to the 1930s–
2000s; “Stazione” (m) is developed on 24 streets with an overall length of 5551 m. The sec-
ond has the largest size among the three districts but the lowest number of streets and the 
lowest population density, as described in Figure 2. “Green Village” (o), built between the 
1950s and 2000s, is a residential area with the highest population density among the city’s 
districts and the highest number of streets (27) and overall length (6060 m) (Table 4). 

Figure 1. Satellite images of the districts (sources: created by authors in July 2023, based on https://
www.google.com/intl/it/earth/about/ (accessed on 5 July 2023) [91] and https://www.google.com/
maps/@41.29085,12.71216,6z?entry=ttu (accessed on 5 July 2023) [92]): (a) Viale dei Flavi, (b) Fassini,
(c) Villa Reatina, (d) Quattro Strade, (e) Città Giardino, (f) Fiume dei Nobili, (g) Molino del Salce,
(h) Regina Pacis, (i) Borgo, (j) Piazza Tevere, (k) Micioccoli, (l) Campoloniano, (m) Stazione, (n) Salaria,
(o) Green Village, (p) San Saba, (q) Sacco Pastore, (r) Tufello, (s) Rione Libertà, (t) San Bartolomeo.

Three districts (Figure 1), “Fassini” (b), “Villa Reatina” (c), and “Quattro Strade” (d),
urbanized between the 1920s and 1990s, include residential, working-class areas charac-
terized by a mix of buildings (Table 5). Compared with “Viale dei Flavi” (a), their sizes are
larger, their population densities are similar, and they have more than double the number of
streets, which explains their overall higher length of streets (from 3733 m in “Villa Reatina”
(c) to 5850 m in “Fassini” (b)) (Table 4).

Five other districts (Figure 1 and Table 5), “Città Giardino” (e), “Fiume dei Nobili” (f),
“Molino della Salce” (g), “Regina Pacis” (h), and “Borgo” (i), were built between the 1950s
and 1980s. They are middle-class and relatively small neighborhoods, with areas ranging
from 119,400.00 m2 for “Fiume dei Nobili” (f) to 175,874.00 m2 for “Regina Pacis” (h) (Table 4).
The sizes and characteristics of their building heritage areas can explain the differences
in population density observed between the neighborhoods of this cluster. They can also
explain the variability in the number of streets (from 16 streets in “Fiume dei Nobili” (f) to
25 in “Regina Pacis” (h)) and their overall lengths (from 2872 m for “Fiume dei Nobili” (f) to
4977 m for “Regina Pacis” (h)).

“Piazza Tevere” (j), “Micioccoli” (k), and “Campoloniano” (l) (Figure 1) are the last group
of investigated neighborhoods in Rieti (Table 4 and Figure 1). They are suburban areas built
between the 1960s and 1990s (Tables 4 and 5), including a mix of apartment blocks with a
height ranging from three to six floors and terraced houses. Two of them (“Micioccoli” (k)
and “Campoloniano” (l)) have a large number of streets and overall street lengths compared
with the other districts of Rieti. On the contrary, their population densities are low due to
the typological characteristics of the districts.

https://www.google.com/intl/it/earth/about/
https://www.google.com/intl/it/earth/about/
https://www.google.com/maps/@41.29085,12.71216,6z?entry=ttu
https://www.google.com/maps/@41.29085,12.71216,6z?entry=ttu
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Table 5. Neighborhood characteristics by city and period of urbanization (source: information
provided by the municipal offices of Rieti, Monterotondo, Cassino, Benevento, and Rome).

City Construction Era Buildings’ Characteristics

Rieti

1920s–1950s

This era only includes the “Viale dei Flavi” (a) (Figure 1) district. Its
development started in the 1920s and continued until the early 1940s, with the
first expansion close to the historic center of the city, and ended in the 1950s.
This area shows a high-quality built environment and a mixed land use (small
villas, low-rise apartment blocks, and public buildings).

1920s–1990s

This group contains three districts: “Fassini” (b), “Villa Reatina” (c), and
“Quattro Strade” (d) (Figure 1). They were first urbanized during the Fascist
period and expanded later on, until the 1990s. They include residential,
working-class areas characterized by a mix of building types: one- or two-family
houses, built in the 1940s–1960s, and two- or three-story apartment buildings
(some within social housing projects), built between the 1960s and the 1990s. The
most recent part, in the “Fassini” (b) neighborhood, also shows single-family and
multi-family buildings, terraced houses with a height of two/three floors.

1950s–1980s

This cluster includes five districts: “Città Giardino” (e), “Fiume dei Nobili” (f),
“Molino della Salce” (g), “Regina Pacis” (h), and “Borgo” (i) (Figure 1). Mainly
built in the 1950s (with some parts completed in the 1980s), these are
middle-class districts next to the city center, with a mixed building stock, mainly
residential, consisting of detached and terraced houses, little villas, and low-rise
apartment blocks.

1960s–1990s

This group includes three districts: “Piazza Tevere” (j), “Micioccoli” (k), and
“Campoloniano” (l) (Figure 1). These are suburban areas containing a mix of
apartment blocks (buildings, in-line buildings, etc.) with a height ranging from
three to six floors and terraced houses.

Monterotondo

1930s–2000s

This group includes two districts: “Stazione” (m), completed in the 1990s, and
“Salaria” (n) (Figure 1), completed in the 2000s. The “Stazione” district, which
began during the 1930s, includes a mostly residential area, characterized by the
presence of the railway network, which constitutes an important connection
with Rome and Fiumicino Airport. The building typology of the original nucleus
of the district consists of single-family and multi-family houses. The most
recently built part, completed in the 1990s, shows a building typology consisting
of a mix of in-line buildings and apartment blocks, with a mixed land use. The
construction of the “Salaria” district began during the 1930s and developed over
the years until the 2000s. The neighborhood, mainly residential (the commercial
part is concentrated along the Salaria road), is made up of single-family and
multi-family buildings and terraced houses.

1950s–2000s

This cluster includes only the “Green Village” (o) (Figure 1). The first building
dates to the 1950s and the neighborhood includes multi-family buildings. It is a
residential area with an accentuated commercial component. In the most recent
part, built over the years up to the 2000s, the prevailing building typology is a
mix of in-line buildings and apartment blocks and single-family and
multi-family houses.

Rome

1900s–1920s

The urban area “San Saba” (p) (Figure 1), mostly residential, was built after the
early 1900s and is characterized by apartment blocks, small villas, single- and
multi-family houses, and buildings of up to four floors. It is a neighborhood
with high environmental quality and part of it is included in the historic center.

1940s–1960s

The study area “Sacco Pastore” (q) (Figure 1) was built starting in the 1940s and
was completed over the 1960s. It is a residential area with a high settlement
intensity characterized by large buildings between six and nine floors (blocks
and lines).

1930s–1970s

The “Tufello” (r) (Figure 1) area was built starting in the 1930s (it was the first
neighborhood built outside the “Aureliane” city walls). The prevailing building
typology of the first period is characterized by small–medium-sized buildings
(buildings and terraced houses). The building stock was completed in the 1970s,
and the predominant construction type is typical of the social housing of the
1960s–1970s (in-line buildings and apartment blocks) with large green spaces
between the buildings.



Sustainability 2023, 15, 16858 12 of 21

Table 5. Cont.

City Construction Era Buildings’ Characteristics

Benevento 1930s–1950s

The study area “Rione Libertà” (s) (Figure 1) was built mainly during the
Fascist period (1930s–1940s) and expanded in the second half of the twentieth
century. Its construction, of mediocre quality, includes almost exclusively
residential buildings with a heterogeneous mix of building types (single-family
houses, multi-family houses, apartment blocks, and in-line buildings).

Cassino 1969–1990s

The study area “San Bartolomeo” (t) (Figure 1) was built during the
urbanization period between 1969 and 1990. It is a suburban area of
3153 inhabitants, encompassing primarily a mix of low-rise blocks and terraced
houses, but also in-line buildings and apartment blocks.

In the city of Monterotondo, the three selected districts, “Stazione” (m), “Salaria” (n),
and “Green Village” (o), are small (from 6718.00 m2 for “Green Village” (o) to 17,729.41 m2

for “Salaria” (n)), with a very low population density (from 170.9 inh/km2 for “Salaria” (n)
to 461.9 inh/km2 for “Green Village” (o)) (Table 4). The building stock can be associated
with two main periods of urbanization. “Stazione” (m) and “Salaria” (n) belong to the
1930s–2000s; “Stazione” (m) is developed on 24 streets with an overall length of 5551 m. The
second has the largest size among the three districts but the lowest number of streets and
the lowest population density, as described in Figure 2. “Green Village” (o), built between
the 1950s and 2000s, is a residential area with the highest population density among the
city’s districts and the highest number of streets (27) and overall length (6060 m) (Table 4).
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The study areas selected in the city of Rome are located in both the center and
the periphery of the city. “San Saba” (p), built between 1900 and the 1920s in the his-
toric center of Rome (Table 5), is mostly a residential area and has the largest surface
(1,106,800.00 m2) among the investigated areas (Table 4) and a low population density
(3190.2 inhabitants/km2). The number of streets (26) and their overall length (4125 m) are
both limited. “Sacco Pastore” (q) was built starting in the 1940s and completed over the
1960s, and it has a high settlement intensity [28] and one of the highest population densities
of the analyzed districts (22,445.6 inh/km2), following only “Rione Liberta” (s) in Benevento
city (Table 4). “Tufello” (r), built between 1930 and 1970, was the first neighborhood built
outside the “Aureliane” city walls (Table 5). It has a large area (870,000.00 m2), with the
highest number of streets (72) among the investigated areas and an overall network length
of over 18 km.
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In the city of Benevento, the study area (Figure 1) “Rione Libertà” (s) includes build-
ings of mixed typologies. This district, of medium size (418,000.00 m2), has the highest
population density (29,203.3 inh/km2), a close road network (70 streets), and the largest
overall street length (19,669 m) among the investigated districts (Table 4).

Finally, “San Bartolomeo” (t), belonging to the city of Cassino, is a suburban area with
3153 inhabitants, 14 streets, and a total street length of 3099 m.

3.2. Application of the Audit (T-WSI)

Table 6 shows the 20 neighborhoods divided into three categories by size (A, B, and
C). For each district, the T-WSI and the numerical values of the categories (practicability,
safety, urbanity, and pleasantness) included in the Walking Suitability Index of the Territory
(T-WSI) are reported.

Table 6. Average score of each category and of the T-WSI by neighborhood.

Group Neighborhood (City) Practicability Safety Urbanity Appeal T-WSI

A

Città Giardino (Rieti) 75.3 31.3 42.9 57.3 53.06
Quattro strade (Rieti) 24.8 12.5 16.7 63.8 28.90
Fiume dei Nobili (Rieti) 64.7 38.0 27.1 45.5 45.34
Molino della Salce (Rieti) 85.7 28.8 25.7 52.0 50.52
Borgo S. Antonio (Rieti) 75.7 27.1 35.1 62.3 51.55
Viale dei Flavi (Rieti) 77.4 24.4 36.2 64.5 52.12
Regina Pacis (Rieti) 69.8 35.8 37.1 64.8 52.97
Stazione (Monterotondo) 53.8 31.0 20.8 63.0 42.95
Green Village (Monterotondo) 62.6 44.9 31.5 57.5 50.17
Salaria (Monterotondo) 38.1 34.4 19.8 69.5 40.34
Mean values: 63.1 31.7 29.4 61.5 47.46

B

Piazza Tevere (Rieti) 75.9 24.1 28.9 70.9 51.46
Villa reatina (Rieti) 41.2 10.9 23.6 72.5 36.95
Fassini (Rieti) 56.0 25.3 30.7 85.3 49.48
Sacco Pastore (Rome) 80.2 59.3 69.5 61.4 68.28
Rione Libertà (Benevento) 76.9 11.6 13.1 50.9 40.55
San Bartolomeo (Cassino) 69.0 9.0 8.6 72.3 41.46
Mean values: 70.4 20.6 24.8 62.4 46.09

C

Micioccoli (Rieti) 76.9 31.4 33.0 64.0 52.89
Campoloniano (Rieti) 68.8 27.3 30.4 73.8 51.11
San Saba (Rome) 65.5 48.2 46.8 67.4 57.51
Tufello (Rome) 45.1 30.3 35.8 44.4 39.20
Mean values: 58.3 31.8 35.6 57.2 46.45

Total Mean values: 64.1 27.9 29.7 60.5 46.65

A: small district, with an area ≤ 250,000 square meters; B: medium district, with an area between 250,000 and
500,000 square meters; C: large district, with an area over 500,000 square meters.

Although the neighborhoods have very different physical and morphological charac-
teristics, the T-WSI shows low scores for most of them.

The average T-WSI value is equal to 46.65, with a wide variability between districts,
ranging from 68.28 in “Sacco Pastore” to 28.90 in “Quattro Strade” (Table 5).

The analysis by categories determined that safety and urbanity reached the lowest
scores, with average values of 27.9 for safety and 29.7 for urbanity.

In particular, the lowest scores were obtained for the “San Bartolomeo” district (9.0 for
safety and 8.6 for urbanity), while the highest were observed for “Sacco Pastore”, showing a
score of 59.3 for safety and 69.5 for urbanity.

Practicability achieved lower scores in larger districts (group C), with an average score
of 58.3 for practicability against a value of 63.1 for small districts (group A) and 70.4 for
medium-sized ones (group B). The same is applicable to appeal, showing an average score
of 57.2 for large districts against a value of 61.5 for smaller and 62.4 for medium-sized ones
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(Table 6). This remains true even if the small number of districts is not sufficient to show
significant differences among the groups.

Overall, security and urbanity achieved the lowest scores in the medium-sized neigh-
borhoods (group B), equal to 20.6 and 24.8, respectively (Table 6). The larger districts (group
C), though they showed critical issues in the same categories (safety and urbanity), still
had higher scores (31.8 for safety and 35.6 for urbanity) than the other two groups.

The final index (T-WSI) was slightly higher in group A (47.46) than in groups B (46.09)
and C (46.45), and higher than the overall average index of the three groups too (Table 6).

To understand how diffused the shortages in the streets of the investigated districts
were, for each district, the percentage of streets with acceptable values (≥0.7 or ≥70%) for
the indicators was calculated. Figure 2 shows the median values and ranges of acceptable
streets by indicator.

Building stock, traffic, and road slope showed very high mean percentages of accept-
ability (85.8%, 75.6%, and 84.4%, respectively), but a wide variability between neighbor-
hoods (e.g., from 0.0% to 100% for building stock) was observed (Figure 2).

Road lighting and road equipment showed very low average percentage values for
acceptable streets (11.0% and 12.1%, respectively) and a limited variability between districts
(Figure 2), showing the criticality of these indicators in almost all of the investigated areas.

Protection from vehicles, crossing protection, sidewalk width, and activity mix had
very low average percentage values for acceptable streets (Figure 2), but they showed a
larger variability among neighborhoods, with a wide dispersion of results (Figure 2).

Other indicators, such as sidewalk surfaces, obstacles, and green spaces, showed
discrete average percentage values as well as a wide variability in the percentages between
districts (Figure 2).

4. Discussion and Conclusions

This study offers several interesting insights thanks to the comparison of districts built
in different eras and belonging to cities of different sizes.

First of all, the calculation of the T-WSI shows that the problems and the critical issues
are similar between districts, independent of their sizes, and they refer mainly to the same
categories and indicators.

In general, the parameters included in the practicability and appeal categories ob-
tained higher scores, while those used to evaluate the safety and urbanity of the districts
showed several detriments. These shortcomings are obstacles for elderly people, since the
neighborhoods where they live can be considered their “gym” and walking is the most
popular sport, especially for more socioeconomically disadvantaged people [93].

All these factors can be easily improved through a review of local land-use planning
policies [94,95]. At present, however, the lack of the aforementioned environmental factors
determines the criticalities of indicators related to the ability to walk and, more generally,
to partake in physical activity [50,93].

From the comparison, it emerges that the category of “practicability” obtained an
average score of 64.1 (Table 5), since more than 80% of the investigated streets do not
include criticalities in terms of road slope (Figure 2). They are also satisfactory (≥0.7) in
terms of sidewalk surfaces and the absence of obstacles, although with lower percentages
(59.3% and 50.2%, respectively). In general, between them, the indicator relating to the
presence of obstacles is the most lacking. The obstacles derive from the presence of street
furniture, poles, various equipment, and vehicles parked outside the dedicated spaces;
these reduce the available walking space, creating important problems for elderly people
and for the overall population, as highlighted in the literature [12,28,29,32–34,47,90]. There-
fore, the absence of, or a possible reduction in, obstacles would be desirable, considering
that their increasing recurrence could encourage the choice to avoid walking or to walk
elsewhere [12,25,26,30,31,47,54].

The safety category showed the lowest scores, with an average value of 27.9 (Table 6);
the percentage of safe streets (score ≥ 0.7) is very low due to the contribution of all the
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indicators composing this category (protection from vehicles: 12.3%; road lighting: 11.0%;
crossing protection: 21.1%) (Figure 2). Practicability also strongly influences the physical
activity levels of older adults, as it affects their perception of safety (crime, accidents, etc.)
with respect to the environment that surrounds them [12,17,29,38,39,47,96]. All indicators
are seriously problematic, and the worst situation relates to protection from speeding
vehicles. As described in previous works [48–51], protection from vehicles is a parameter
used to assess whether pedestrians are able to walk safely and free from the risks deriving
from private cars (e.g., in historic centers) or to have an unobstructed view when they
approach intersections. As shown in Figure 2, this indicator shows very low percentages
of acceptable streets (mean: 12.3%) and a large variability between districts (from 0.0 to
88.5%). This variability, above all, is due to the Sacco Pastore neighborhood, which, unlike
the others, reached a high percentage of satisfactory streets thanks to the identification
of strategic interventions for the redevelopment of the neighborhood dedicated to users
(e.g., pedestrian areas, limited traffic areas, protected crossings, pedestrian paths, adequate
lighting dedicated to pedestrians, maintenance of pedestrian infrastructures, etc.).

In general, high levels of protection can be achieved when pavements or pedes-
trian areas are equipped with any type of device useful to reduce traffic and vehicle
speed [17,50,54]. For example, to prevent cars from colliding with pedestrians, intersec-
tions could be designed with sidewalk extensions to reduce crossing distance and allow
drivers and pedestrians to see each other (e.g., pedestrian gulfs) [54]. At the same time, it is
important to free the area from any other obstacle that could reduce visibility (vegetation,
service equipment, advertising, etc.) [12,14,48,49,54].

Within the safety category, another critical indicator is road lighting (Figure 2), which
showed a very low percentage of satisfactory streets. In this case, it is understood as the
quality of public lighting suitable to meet the requirements of pedestrians (for example, to
prevent the fear of crime) [48–51]. The lighting and brightness of streetlamps are essential
to prevent accidents [50,97], but the benefits can be greatly reduced if light poles are too
high or positioned to create shaded areas on the pavements. Therefore, the lighting of paths
and their specific performance are essential requirements that can affect the propensity to
carry out physical activity, especially for older adults [12,14,33].

Also regarding safety, the urbanity category and all the indicators that compose it
also highlight several criticalities. This category reached an average score of 29.7 and, with
the exception of the Sacco Pastore district, which obtained a higher score (69.5), the scores
of the neighborhoods were low, ranging from 8.6 (San Bartolomeo District) to 43.9 (Città
Giardino District) (Table 6). Analyzing the indicators of this category (Figure 2), we can see
that the average percentage of satisfactory streets (score ≥ 0.7) in terms of sidewalk width is
21.3% and that adequate road equipment is found in only 12.1% of the streets; furthermore,
only 22.0% of streets show an acceptable level of activity mix. There is much scientific
evidence on the influence of these specific factors on physical activity for the general
population and for elderly people [17,24,28]. The presence of various activities along the
streets generates a flow of people, which in turn can give rise to a sort of spontaneous
control of spaces [2,30,51,98,99]. This is a very favorable condition for elderly people, since
it contributes to creating safer spaces for walking, exercising, and socializing.

Furthermore, among the indicators of urbanity, it has to be argued that road equipment
is unsatisfactory, since the equipment and elements to support and facilitate walking (e.g.,
benches, handrails, etc.) are lacking; consequently, the walking pathways for older adults
are unattractive [12,17,30,47,50,51,90,99,100]. On this topic, many experiences and good
practices carried out in some European countries are available [101,102]. Some aim to
promote sustainable modes of transport, increasing the livability of urban centers, with
the final objective being to enhance the levels of physical activity among the population,
especially elderly people. These countries have developed programs and projects dedicated
to road safety, safe pedestrian crossing, cycling courses for elderly people (Finland: the
Hyvinkää sustainable traffic mobility plan) [101], and walking groups [101,102].
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Others, however, focus on the physical characteristics of the urban environment and
on the interventions to be implemented to make spaces and routes suitable for city users,
especially elderly people [101]. This can be achieved, for example, through the presence of
road signs, streetlights dedicated to pedestrians with non-glaring light, handrails along the
most difficult routes, curbs to help elderly people with vision difficulties, benches along the
paths with armrests of different heights (e.g., the Maunula activity trail, Finland), and sports
equipment in green spaces (e.g., gym equipment in the city of Brasov, Romania) [101].

Finally, the appeal category obtained an average score of 46.64 (Table 5). The factors
evaluated in this category concern the sphere of welfare, which takes into account the feel-
ings and perceptions caused by agreeable (or disagreeable) stimuli and how they affect older
people’s walking trends [2–4,17,47,101]. Through these indicators, we evaluated attractive-
ness on the basis of the perceived sensations of walking along the streets of the neighbor-
hood. A district with high buildings separated by internal roads of modest width can gener-
ate unpleasant perceptions for those who walk along these streets [17,28,50,51,98,99,102,103].

Two of the indicators included in the appeal category, traffic and building stock,
did not highlight important criticalities, with the percentages of acceptable streets (≥0.7)
being 75.6% and 85.8%, respectively. The third indicator, green spaces, showed a lower
average percentage of acceptable streets (33.0%), with a wide variability in values between
neighborhoods (Figure 2).

Green spaces, in this case, refers to the availability of parks, gardens, green paths, and
planted beds, or, more simply, trees, hedges, and flower beds that are suitably positioned
and maintained, which are certainly perceived by pedestrians as an added value, especially
elderly people [12,17,36,37,45,47,50,51,104]. The design of green spaces in neighborhoods is
a pivotal issue for health promotion. Their main characteristics which favor their usability
by elderly people seem to be proximity, attractiveness, and size [34]—elements frequently
lacking in the investigated districts in this study. At the same time, if green areas are not
well designed (too big, with scarce views, etc.), they can be perceived as unsafe, hindering
their use by elderly people [17,34,47,105,106].

In conclusion, as already mentioned in previous articles [48–50,55], the opportunity to
promote interventions to improve the walkability of roads and livability in neighborhoods
through the elaboration of proposals for the municipalities is an important objective for
urban health and environmental sustainability.

At the same time, it is pivotal to understand the real effectiveness of these interventions
in terms of changes in population behaviors, especially for elderly people. A limitation of
this study is the lack of correlations between environmental characteristics and the health
status of elderly people. In our view, this study is a first step aiming to simply evaluate the
state of the neighborhoods and their propensity to favor walkability. Further longitudinal
studies will be necessary to quantify the real impact of district walkability for elderly
people’s health.

The results obtained confirm that the T-WSI is a reliable, efficient, and reproducible tool
to evaluate the characteristics of an area and its ability to satisfy people’s needs regarding
walking [55], and some studies show how important these characteristics are for promoting
physical activity [12,17,25,26,31,47].

In our view, the use of tools like the T-WSI could support the decision-making pro-
cesses [48–50,55] and address the choices concerning the priorities of interventions and
investments in designing neighborhoods from the perspective of sustainability and saluto-
genesis [105].

This study highlights the lack of attention paid to the design of spaces dedicated
to pedestrians, especially with regard to street furniture and protection from speeding
vehicles. As observed in the literature [37,39,49,50], roads continue to be designed for
vehicular traffic rather than for the promotion of active mobility, both pedestrian and cycle.

In recent years only, even following the COVID-19 pandemic, the relationship between
proximity and quality of life has been in the process of rediscovery, especially for a sedentary
population such as elderly people [107].
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This study observed and quantified several areas of need commonly detected in streets
which require adaptation interventions, sometimes simple and low-cost. These interven-
tions, which should be a priority for local decision makers, can provide an opportunity,
if properly managed, to promote broader accessibility to public spaces, improving social
cohesion as well. At the same time, they can also contribute to reducing environmental
injustice and improving neighborhoods’ livability and sustainability.
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