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Abstract
The development of cities aware of the needs of all citizens is a priority, especially 
in the case of elderly people. In this context, particular attention should be paid 
to the analysis of walkability. It has been proved that performing walking activi-
ties produces significant benefits both for physical and mental health, above all in 
elderly subjects. Besides traditional criteria adopted to evaluate walkability, we here 
propose a novel approach defined affective walkability. Being able to interpret the 
emotions of elderly walking in the urban environment and interacting with vehicles 
and other citizens, it is possible to evaluate if and to which extent an environment 
is perceived safe, comfortable and walkable. One way to obtain quantitative meas-
ures of walkability is to assess safety perception relying on physiological signals 
that can be considered indicators of emotions and mood. The assessment of affective 
walkability requires the design and performance of rigorous experiments to properly 
collect data. In this paper, the proposal of an affective walkability is presented and 
the developed experimental protocols, their performance and preliminary results are 
illustrated.
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1  Introduction

The phenomenon of urbanization is a global trend of the 21st Century, requir-
ing governments and institutions to design and plan the development of cities 
strongly considering the quality of life of the citizens. At today, over half of the 
world’s population lives in urban areas and great part of the inhabited world areas 
are expected to urbanize further over the coming decades: in numbers, by 2030 
over 60% of the global population will live in cities and large urban agglomerates 
[18]. Urbanization shift is occurring constantly and globally since 2007, joined to 
the increasing proportion of elderly in the population, because of the population 
ageing, due to longevity and a decline in both mortality and fertility rates. Popu-
lation ageing is occurring fastest in high and developed countries, being Italy and 
Japan at the first places experiencing an ageing society [35]. Moreover, world 
demographic projections show that, by 2030, the number of people aged 65 and 
over will be the 25% of the population, and many of them will live in urban areas. 
This trend makes the activities of city planners and managers very challenging, 
due to rising demand of services and infrastructures for the elderly citizens as 
reported in Fig. 1.

The World Health Organization (WHO) [25] recognized trends convergence of 
ageing and urbanization, introducing the concept of Age-friendly Cities, a con-
ceptual framework addressing urban development towards an active ageing of the 
population. Within this framework, many countries gave their adhesion to adopt 
recommendations through the development of policies supporting pedestrian 
mobility fostering an active inclusion of aged citizens living the urban environ-
ment. The investigation of innovative solutions to enhance the development of 
pedestrian areas and, in general, to promote walking in urban territories is becom-
ing a mandatory requirement for the design of future cities. Enhancing pedestrian 
mobility represents, in fact, a key element for guaranteeing the social participa-
tion and inclusion of the elderly citizens. The European Charter of Pedestrian 
Rights (1988) highlighted the need to ensure the comfort and safety of pedestri-
ans in urban areas, including the elderly and people with impaired mobility:

Fig. 1   Demographic projections of population ageing [35] and and urbanization trends [18]
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–	 Art. I—“The pedestrian has the right to live in a healthy environment and freely 
to enjoy the amenities offered by public areas under conditions that adequately 
safeguard his physical and psychological well-being”;

–	 Art. III—“Children, the elderly and the disabled have the right to expect towns 
to be places of easy social contact and not places that aggravate their inherent 
weakness”.

From here, advanced urban planning activities [34] shift towards the focus on 
the concept of walkability [2], namely how friendly the urban environment is for 
walking, guaranteeing the comfort and safety of vulnerable road users while walking 
(e.g., barrier-free streets, maintenance of sidewalk, visibility of road signs, public 
places for outdoor activities) [17].

The term walkability refers to those design elements that guarantee the acces-
sibility, comfort and safety of the urban setting for walking [12]. Jeff Speck [32] 
recently proposed a General Theory of Walkability, which explains the essential ele-
ments for evaluating the level of walkability of urban environments: (i) presence of 
services within a walkable distance; (ii) level of comfort and safety experienced by 
people while walking; (iii) attractiveness of the urban areas in terms of architectural 
design and social context.

The methodological framework offered by Jeff Speck allows considering the 
measurement of basic indicators, and suggests a deeper investigation of feelings 
and perceptions of elderly citizen living their mobility in the city (ii). Following 
this research line and within the project “LONGEVICITY: Social Inclusion for the 
Elderly through Walkability” [20] this work aims at developing innovative research 
focusing on the affective walkability [3]. The idea behind affective walkability is 
that it is possible to measure the affective state of pedestrian and in particular of the 
elderly to study if and to which extent an environment is perceived safe, comfort-
able and walkable. A walking environment that is elderly-friendly is a priority while 
planning the design of the cities of the future as well as to improve the existing ones 
[13]. Besides more conventional self-assessment questionnaires, affective walkabil-
ity relies on physiological responses, which are uncontrolled and autonomous reac-
tions of human nervous system, considered honest indicators of emotions and mood, 
and thus nowadays widely adopted to recognize affective states, and in particular to 
quantify the level of stress suffered by the subjects while performing a certain task. 
One way to obtain quantitative measures of walkability is to assess safety percep-
tion while moving within an urban environment, in particular while walking, cross-
ing and in general interacting with vehicles and other pedestrians. The assessment 
of safety perception can be performed with experiments and observations designing 
the experimental setting in a controlled environment as well as with data collec-
tions in the real world setups. Nowadays wearable devices, and smartphones easily 
integrate several sensors that measure physiological signals [36], making the acqui-
sition of this data more comfortable and usable in day-life activities, even in case 
of elderly people. Physiological signals are already widely used in the emotion and 
affect recognition fields, having proved their effectiveness and usefulness in this area 
[6, 15]. They have a recent wide application for interpreting and analyzing user’s 
sleep behavior [29] as well as for daily activities recognition [36] and in e-health 
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application for monitoring and remote assistance [24]. As a consequence, these sig-
nals could be easily adopted as valid indicators to assess quantitatively the safety 
perception of the elderly, while interacting with the surrounding environment.

The paper is organized as follows. Firstly, the purpose and approach of the men-
tioned LONGEVICITY project is illustrated in Sect.  2. Then a description of the 
walkability assessment criteria that, taking into account the needs of the elderly 
inhabitants, can guide the definition of proper experiments is reported in Sect. 3 and 
introduces the description of data collection and methods for the affective walkabil-
ity assessment presented in Sect. 3. The paper concludes with final remarks about 
results and future works.

2 � The LONGEVICITY Project

In the context of progressive urbanization [1] and population ageing [35] global 
trends, the project “LONGEVICITY - Social Inclusion for the Elderly through 
Walkability” has the objective to study advanced solutions to sustain the social 
inclusion of the elderly in urban contexts by enhancing their pedestrian mobility. 
According to the Age-friendly City framework [25], the project aims at developing 
innovative strategies to sustain the active ageing of the citizens by enhancing the 
walkability [32] of the City of Milan (Italy), with reference to the level of useful-
ness, comfort, safety, attractiveness and accessibility of urban environments.

The LONGEVICITY project is based on a strongly cross-disciplinary research 
approach, integrating skills, methodologies and tools ranging from Social Sciences, 
Design of Services, Artificial Intelligence and Complex Systems Science. The 
international team is composed by four main partners: University of Milano-Bico-
cca (Department of Computer Science, Systems and Communication), Politecnico 
di Milano (Department of Design), The University of Tokyo (Research Center for 
Advanced Science and Technology), and AUSER Volontariato Lombardia.

The research plan of the project is structured in work packages, whose main 
aims are: (i) assessing the level of walkability of the City of Milan (Italy) through 
advanced GIS analyses and adopting affective state analysis to collect the perception 
of safety and comfort; (ii) setting up of the living labs where to execute a series of 
outdoor and indoor activities participated by a large sample of elderly citizens (e.g., 
walking groups, participatory design activities, storytelling activities to preserve 
the memory of the chosen areas); (iii) empirically investigating age-driven pedes-
trian mobility through questionnaires, field observations, controlled experiments and 
simulations.

The project is based on methodological and computational tools aimed at achiev-
ing solutions considering the needs and perceptions of senior citizens with respect 
to infrastructures and mobility services in the City of Milan. The LONGEVICITY 
project is hence characterized by a methodological interplay between advanced tools 
for social research, combined with approaches for the development of innovative 
technologies. The cities of the future will be characterized, in fact, by the growing 
presence of long-lived/active citizens, and it will then be necessary to design tech-
nologically advanced infrastructures and services to provide support to them, and 
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to experiment new technological frameworks to collect data revealing the feeling of 
walking in an urban environment.

3 � Main Criteria to Evaluate Walkability for the Elderly

The walking behavior of aged pedestrians is mainly conditioned by the physiological 
progressive decline in the operation of: (i) perceptive sensors (e.g., limited percep-
tion of light and colors, inability to tune out background noise) and (ii) motor-cogni-
tive skills (e.g., reduced range of motion, loss of muscle strength and coordination, 
changes in posture, diminished attention and reaction time, spatial disorientation).

Such bodily changes, in the majority of cases, make elderly people walking 
slower than adults, and lead to a subjective perception of physical vulnerability and 
a sense of fragility at the psychological level. The main set of walkability assess-
ment criteria focused on the needs of walking elderly could be listed as follows:

–	 Usefulness  Urban areas should be designed to guarantee the presence of many 
and diverse public services for the elderly at a walkable distance from their place 
of residence (e.g., land-use mix; street connectivity; transport services; social 
and health care service; commercial activities).

–	 Comfort   Urban areas should be designed to accommodate the comfort of the 
elderly while walking (e.g., pavement type; continuity on side-walks; installa-
tion of ramps for people with reduced mobility; urban furniture for resting; green 
areas with trees, benches, tables and fountains).

–	 Safety  Urban areas should be designed to guarantee the safety of elderly pedes-
trians while walking and crossing (e.g., absence of barriers and pothole on side-
walks; speed bumpers; traffic lights; illumination systems in proximity of the 
zebra crossing; legible horizontal and vertical signage).

–	 Attractiveness  Urban areas should be designed to have a polycentric structure, 
with several and distinctive areas of attraction for the elderly inhabitants (e.g., 
points of interest, amenities, public spaces and events; quality of the architectural 
streetscape; vitality of the social context).

–	 Legibility   Urban areas should be designed to be legible, memorable and navi-
gable, to enable the elderly to easily locate themselves and navigate through the 
city (e.g., roads toponymy; legible road signs; place-based maps for indicating 
public services).

In the LONGEVICITY project, a wide range of methods have been studied to empir-
ically measure the level of pedestrian friendliness of urban environments, within a 
multi-disciplinary approach (e.g. urban studies, architecture, urban sociology, envi-
ronmental psychology, computer science):

–	 Geographic information systems [5, 33, 37] providing analytical tools for struc-
tured geo-referred data about the topographical, infrastructural and architectural 
elements of a urban area and the census indicators of the socio-demographical 
characteristics of the inhabitants.
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–	 Field observations [10, 12, 30] to annotate the behavior characteristics of the 
elderly while walking and crossing through a determined urban area, to produce 
a behavioral map by means of manual coding or video tracking analysis.

–	 Audit tools [7, 8, 23] applied as self-report scales or questionnaires for collecting 
qualitative and quantitative data about the elderly subjective perception of the 
level of pedestrian friendliness of urban areas.

–	 Web applications [9, 33] to collect opinions of the elderly about to rate the level 
of walkability of an urban area using mobile applications. For instance Rate-
MyStreet, Walk Score and Walkanomics are the most popular web applications 
for walkability assessment.

–	 Social media data [4, 26, 27] achieve a bottom-up characterization of the level of 
walkability of urban areas, directly based on the geo-referred contents generated 
by the elderly users on social media.

–	 Computer-based simulations [11, 19, 38] provide optimized architectural solu-
tions for managing urban areas, thanks to the possibility to simulate elderly 
pedestrian dynamics and to test alternative conditions and courses of action.

To provide innovative approaches in the measurement of the level of pedestrian 
friendliness of urban environments, we introduce an affective walkability assess-
ment to quantitatively evaluate the safety and comfort perception of elderly people 
while moving within the city. The next section will illustrate the methods we have 
developed and the results obtained that pave the way towards the definition of novel 
criteria to evaluate walkability that takes into account the perception of the elderly 
living the urban environment.

4 � Affective Measurements of Walkability

Measuring and recognizing the affective state of citizens during walking activities 
contribute to a better comprehension of their perception of the environment, and a 
better definition of walkable urban area. Quantitative assessment of affective walk-
ability passes through the measurement of the level of stress affecting pedestrians in 
their interaction with the urban environment, in particular while walking and road 
crossing, and in general during interaction with vehicles and others pedestrians. 
Among all the possible stress sources, the interaction of a subject with the environ-
ment is one of the most significant, and can be interpreted as a defensive reaction 
activated to protect oneself from dangerous events [31]. Measuring physiological 
signals using wearable sensors is the research direction we adopted to grasp more 
knowledge about pedestrian safety perception. This novel approach stimulates the 
design of experimental affective walkability assessment. It is fundamental to inves-
tigate which physiological characteristics can be adopted to reveal affective states 
and how these should be processed to have a clearer and more comprehensive rec-
ognition of stress levels [22]. There are several factors that contribute to change the 
perception of stress in a subject, including age, sex, disability and cognitive impair-
ment. Moreover, other variables deriving from the environment should be consid-
ered, such as the presence of loud noises, bulky work vehicles, poor visibility of 
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oncoming cars (e.g. due to cars parked on the side of the road) and lack of signs that 
facilitate the crossing [21]. To assess innovative approaches towards affective walk-
ability the definition of proper experimental settings and protocols is mandatory. In 
particular, we need to study how human affective state changes with respect to space 
varying conditions and not only with respect to a time varying stimulus, and thus we 
consider as a proper external stimulus the spatial variation of the environment where 
the human being is moving. To this end we have designed two different types of 
experiments involving both young adults and elderly people:

–	 In-vitro experiments  The data collection is carried out in a controlled labora-
tory environment. In this case the interference with external stimuli are limited 
and data quality is higher. The disadvantage of these experiments relies in the 
non-real nature of the stimuli.

–	 In-vivo experiment  The data collection is performed in a real-life environment, 
that has the advantage of inducing more realistic affective states, but introduces 
several source of noise, lowering data quality.

In-vitro and in-vivo experiments have complementary aspect of data quality while 
considering data acquisitions that intent to capture subjective responses, such as 
affective states and safety perception. In-vitro experiments permit to control the 
environmental conditions, reducing the noise in data due to the interference with 
several external stimuli, besides the ones we are interested in, as well as reducing 
uncontrolled events. However, we pay this noise attenuation with a reduction of the 
reliability of the acquired data, that are not representative of real-life conditions, and 
can in general correspond to more attenuated responses. On the other hand, in-vivo 
experiments permit to capture the effective subjective responses to real-life stimuli. 
However, it is not always easy to recognize and disentangle the interference with 
disturbing events, that are not objects of our investigation. We thus rely in data anal-
ysis that both consider data acquired in controlled and uncontrolled environment, to 
benefit of their complementary positive aspects.

All the experimental protocols hereafter described were approved by the Ethics 
Committee of the University of Tokyo (in-vitro experiment) and of the University of 
Milano-Bicocca (in-vivo experiment).

4.1 � Subjects Involved

To focus on how elderly people perceive the interaction with the urban environment, 
two distinct group of subjects are taken into consideration in both the two types of 
experiments: the elderly, over the age of 60 and a control group of young adults, 
with an age between 18 and 35 years. The inclusion criteria can be summarized as 
follows: 

1.	 absence of major medical disorders (in particular neurological and severe cogni-
tive disorders);
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2.	 no pharmacological therapy, that could interfere with the collected data (such as 
drugs, or anti-depressants);

3.	 no significant visual impairment (normal or corrected to normal visual acuity);
4.	 no significant hearing impairment;
5.	 autonomous mobility without supports.

4.2 � Physiological Signals for Affective Walkability Assessment

In our investigations we collect several physiological signals as well as inertial 
data. Physiological signals, such as Photoplethysmogram (PPG) and Galvanic Skin 
Response (GSR) are well indicated to detect emotional arousal, related to sensory 
alertness, mobility, and readiness to respond, activated in the interaction between 
subjects and the environment as a defensive reaction to preserve safety.

Moreover, dealing with a dynamic interaction, motion data both physiological, 
measuring the muscle activity with Electromyogram (EMG) and inertial (acceler-
ometer and gyroscope data) are considered. The sensors adopted in the experiments 
are shown in Fig. 2.

Relying on different signal sources that register both physiological and dynamic 
walking responses will provide accurate results for affective state recognition tasks, 
in a multi-modal approach.

4.3 � Experimental Settings

The final aim of data acquisition through properly designed experiments is to cor-
relate physiological signals with walking activities in heterogeneous environments, 
thus understanding how a person is feeling while he or she moves through a given 

Fig. 2   Wearable devices adopted both in-vitro and in-vivo experiments
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setting. The two different types of experiments we have designed and carried out to 
acquire valuable data are described in what follows.

4.3.1 � In‑Vitro Experiment

The first experiment has been carried out indoor, in a controlled environment, 
namely a designed and dedicated space at the RCAST—Research Center for 
Advanced Science and Technology, at the Komaba Campus of The University of 
Tokyo.

Three within subject conditions (free walk, forced speed walk, and collision 
avoidance) have been proposed in one experimental session, performed by two 
experimental groups: a population of young adults, composed of 16 Japanese mas-
ter and PhD students, with average age of 24.7 years (standard deviation = 3.3, 4 
women) and a group of 20 Japanese elderly subjects (retired) with average age of 
65.15 (standard deviation = 2.7, 10 women). The protocol of the experiment, that 
lasts about 30 min, can be summarized as follows: 

1.	 Free walk (FW)  Two subjects at the same time can walk freely without obstacles 
or speed constraints along the path depicted in Fig. 3, back and forth.

2.	 Collision avoidance  Two subjects at the same time walk with their own pace 
along the path clockwise and counterclockwise respectively. At about half of 
the path, they reach the collision avoidance zone where they have to avoid the 
collisions with both the obstacles (swinging pendulum) and the other subject. 

Fig. 3   Controlled experiment. Top left: the plant of the laboratory, where the path chosen for the walking 
activities is reported. A red rectangle identifies the collision avoidance zone in the two images of the first 
raw. In this zone, two obstacles are moved by one of the experimenter and the two subjects have to avoid 
the collision (figure bottom right). During the rest of the path, subjects walk with their own natural pace
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Then they complete the path, with their natural pace and go back in the opposite 
direction repeating the same actions. This task is thus composed of a free walk-
ing activity approaching and leaving the obstacle zone: WO, and the effective 
avoiding collision action, Obs.

3.	 Forced speed walk  The two participants walk with a forced speed based on the 
metronome ticking, along the same path. Three speeds are considered: F1 = 70 
bpm, F2 = 85 bpm and F3 = 100 bpm. At the end, a questionnaire is provided to 
the participants to obtained information about the preferred walking frequency 
among those constrained by the metronome.

All the tasks are separated by a period of resting time called Baseline acquisition 
(BL) of about 1 min, to gather reference physiological responses. The whole proce-
dure is repeated three times.

4.3.2 � In‑Vivo Experiment

The experiment considers two different walking scenarios related to different per-
ception of safety: free walking on a sidewalks, and crossing a two way road in cor-
respondence to a zebra crossing, without traffic lights. Without becoming dangerous 
for the subjects who undergo the experiment, the more dangerous the crossing, the 
greater the emotional arousal triggered and the better the signals acquired.

The whole protocol is described as follows: 

1.	 Initial Baseline (B): 2 min session to acquire the reference physiological signals, 
where the subject has to stay straight up and still.

2.	 Self assessment questionnaire on self-esteem (Q). [28].
3.	 Experiment Core: repeated 4 times

–	 Walking on sidewalk (W) (non-stressful task).
–	 60 s baseline (B) recording, also intended to bring the subject back to a neu-

tral state before the next task.
–	 Crossing the road back and forth (C) (stressful task).
–	 60 s baseline (B), same as before.
–	 Self-assessment questionnaire (Q) to evaluate the level of safety perception 

of each crossing.

4.	 End of trial

Within the experiment core, the order of the walking and crossing tasks are ran-
domly selected for each subject, to avoid possible biases, introduced by repeating 
the same task order. The whole experiment lasts about 20 min. In Fig. 4 the experi-
mental protocol is reported.

We have carried out the experiment described by the protocol depicted in Fig. 4 
two times, hereafter called sessions, considering two different populations and geo-
graphical places.
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In the first session we have involved 14 young adults, 7 males and 7 females, 
aged between 20 and 26 years (mean = 24.42, standard deviation = 1.65), all 
computer science students at the University of Milano-Bicocca. The chosen envi-
ronment contemplated an unsupervised crossroad on a two-way road, not far from 
the main buildings of the University of Milano-Bicocca, depicted in Fig. 5, on the 
left.

This crossing is considered moderately dangerous for pedestrians for the fol-
lowing reasons:

–	 The crosswalk is located on a very busy road, given its location near offices, the 
university and a shopping mall.

–	 The crosswalk is unsupervised, with no traffic lights for neither the cars or the 
pedestrians.

–	 The numerous parking lots positioned alongside the intersection limit the view of 
the pedestrian before and while crossing the road.

–	 Different vehicles travel alongside this road, ranging from bicycles to cars, trucks 
and buses.

Fig. 4   The In-Vivo Experimental Protocol

Fig. 5   The chosen intersection with the selected crossroads highlighted in red on the left. Two of the sub-
jects involved in walking on the sidewalk (top right) and crossing the intersection (bottom right)
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In the second session we have involved 21 elderly people, citizen of Cantù. Cantù 
is a Lombard city that has about 40,000 inhabitants and is located at the foot of 
the Como pre-Alps. The history of Cantù is very ancient and has several narrow 
streets often uphill. However, this difficult configuration of the city does not prevent 
heavy vehicles, buses and a large number of cars from engaging the streets of the 
city center, which is very busy at rush hour, as illustrated in Fig. 6. All these charac-
teristics make Cantù an ideal setting to test stressful routes or crossings for an older 
person.

4.4 � Experimental Results

The raw signals obtained during the data acquisitions described in the previous ses-
sion, were filtered, and pre-processed. Proper features were evaluated on GSR, PPG 
and EMG pre-processed signals and considered to perform statistical inference and 
to feed machine learning algorithms. To deepen the topic for the in-vitro experi-
ment, please refer to [16] while refer to [14] for the in-vivo data acquisition and 
process. The obtained results can be summarized as follows: 

1.	 All the performed experiments have confirmed that different walking conditions, 
such as crossing in the presence of vehicles or walking on the sidewalk, on one 
side or interacting with an obstacle or walking with different paces, can be related 
to different safety perception, and induced different physiological reactions in 
subjects.

	   As an example of the variations of the physiological signals with respect to 
the task, we report in Fig. 7 a subject’s physiological responses for the entire 
duration of the in-vivo experiment. For the labels in the figure, please refer to 
Sect. 4.3.2. Every performed task can be easily distinguished along the physi-
ological responses. In particular the muscle activity, acquired by the EMG signal 
(bottom red line), underlines differences among walking and crossing tasks and 

Fig. 6   Examples of heavily trafficked roads in the center of Cantù
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periods of standing and baseline. On the other hand, the GSR peaks and activation 
in skin conductivity (top blue line) clearly correspond to the crossing task.

2.	 From data analysis we have observed that arousal is activated when interacting 
with the environment and can be adopted as a measure of stress considered as a 
defensive reaction to protect oneself from dangerous events.

3.	 Safety perception and subjects behaviour can be different with respect to age. In 
particular analysis of the physiological signals confirmed that elderly people are 
used to keep a more careful behavior than the youngest ones in case of collision 
avoidance tasks.

	   As the collected data do not follow normal distributions, we apply the Kruskal 
Wallis statistical test, which is a non-parametric version of classical one-way 
ANOVA, that compares the medians of the groups of data given as input to 
determine if the samples come from the same population (or, equivalently, from 
different populations with the same distribution).

	   In Fig. 8 the energy variations of the leg muscle activities analyzed in the in-
vitro experiment are reported, comparing the two populations while performing 
the same task, in particular during collision avoidance task (figure on the left) 
and immediately after (figure on the right). A p-value lower than 0.001 has been 
obtained for both the comparisons. From Fig. 8 it emerges that while approach-
ing the obstacle (figure on the left) in case of the elderly, the energy in general 
decreases, while in the case of young adults it increases, confirming a more care-
ful behaviour of the elderly. After crossing the collision avoidance zone, on the 
other hand, the elderly tend to increase their speed while the young adults tend 
to decelerate to come back to their previous speed.

	   Moreover, from the analysis of the estimated pace frequency during the forced 
speed tasks (in-vitro experiment), we have observed that the elderly people strug-

Fig. 7   The plot reports the physiological signals of a single participant in the in-vivo experiment. The 
orange track depicts the EMG signal and the blue one the GSR signal. Q indicates the Questionnaire task 
(missing in the smallest windows), W the sidewalk activity, B the baseline acquisitions and C the cross-
ing tasks
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gle more than young adults to respect the metronome forced speeds. In particular, 
this behaviour has been observed mainly in the two lower speeds. In Table 1, the 
accuracy of the two population groups in following the three different metronome 
frequencies, obtained analyzing the activity of the leg muscles, are reported.

From all the performed analyses it emerges that the two populationgroups 
would need a more specific and in-depth analysis to create ad-hoc environments 
able to meet their needs. The results reached with these analyses suggest that 
affective walkability could be considered as a novel field of research to better 
understand the age-related behaviour of subjects in real-world stressful urban 
environments.

Fig. 8   Boxplots reporting the increase of muscle energy detected in the two population analyzed (young 
adults and elderly) while crossing the collision avoidance zone (on the left) and after that crossing (on 
the right). A positive value corresponds to an increase in muscular energy, while a negative percentage 
represents a decrease in the energy value. The line in the center of the boxplot represents the median 
value

Table 1   Accordance in percentage between the computed pace frequencies and the metronome frequen-
cies, evaluated with respect to the two muscle activities on the leg (columns) and the two considered 
populations (rows)

The accordance is reported with respect to the three different metronome frequencies (F1, F2 and F3) 
and on average in column Total, which is shown in bold.

Gastrocnemius muscle Tibial muscle

F1 (%) F2 (%) F3 (%) Total (%) F1 (%) F2 (%) F3 (%) Total (%)

Young adult 95 90 90 92 95 90 85 90
Elderly 57 52 89 66 68 58 92 72
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5 � Conclusions

The need to develop novel methods to collect and analyze data from walking 
activities is growing to provide suggestions and recommendations in the design 
of more walkable cities. Due to the parallel growing of ageing population and 
urbanization phenomena, supporting active ageing means not only the applica-
tion of walkability assessment through more traditional methods, but also by con-
sidering affective perceptions. In the framework of the LONGEVICITY project, 
a novel approach has been developed, based on the collection of physiological 
data coming from wearable sensors during the performance of ad-hoc in-vivo 
and in-vitro experiments, considering both young and elderly people. The paper 
illustrated the designed experimental protocols, their application and preliminary 
meaningful results to support an affective walkability. Starting with these pre-
liminary results, more data acquisition are required to consolidate our findings, 
in particular to better distinguish between different populations (young adults and 
elderly). Physiological responses are highly subjective, and even in the case of 
the same stimulus perception, they can significantly vary within subjects. Thus 
a special effort should be devoted in normalizing data to better perform popula-
tion based analysis. Finally, results coming from self-assessment questionnaires 
such as The Big Five Personality Traits questionnaire should be included to better 
profile affective responses of each subject. Furthermore, new data will allow the 
adoption of machine learning approaches including deep learning. The future of 
the research will proceed towards the design of computer-based simulation pro-
grams considering affective states in the behavior of virtual pedestrians, to create 
complex urban scenarios where the study of vehicle-pedestrian dynamics during 
road crossing. The fall of the research results will be addressed towards deci-
sion makers to improve and ameliorate the promotion of safe and walkable cities 
through the introduction of new methods to evaluate the degree of walkability by 
considering affective perceptions.
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