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Abstract: The present study evaluates the effect of soundscape and lightscape variations on the
perceived safety and perceived social presence in a pedestrian area through laboratory experiments.
Thirty-one participants were presented with nine different virtual scenarios, in which the same
underpass was reproduced under different soundscape and lightscape conditions. The participants
were asked to assess each scenario considering 10 items related to perceived safety and perceived
social presence. A principal component analysis allowed the 10 items to be reduced to two principal
components, namely “perceived safety” and “perceived social presence”. A two-way repeated
measures ANOVA analysis was conducted to assess the effect of modifications of both the soundscape
and lightscape on the two components. The obtained results showed that the soundscape had an
effect on both the perceived safety (p < 0.05) and perceived social presence (p < 0.05), while the
lightscape variations implemented in this experiment only had a statistically significant effect on the
latter (p < 0.05). The results of such studies may be of interest for public design and management as
they may be conducted by means of non-intrusive and cost-effective techniques.
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1. Introduction

Interest in the perceptual aspects of urban space first emerged several centuries ago, when Leon
Battista Alberti, in the 15th century, studied the concept of a “city as a scene” and interpreted an urban
space as a scenography connected to medieval religious traditions [1].

In the second half of the 20th century, in the same period in which Gordon Cullen was rediscovering
this visual approach to a city through the concept of serial visions [2], Kevin Lynch expanded the
perceptual aspect field to other sensory modalities [3,4]. He in fact investigated “the immediate
experiential qualities of places—which he was fond of referring to as the ‘sensuous qualities’, or simply
‘sense’—and their importance in peoples’ lives.” [5]. With the perceptual form of the city project, Kevin
Lynch and Gyorgy Kepes started one of the first pioneering studies on the sensorial experience of a city
as a way of improving the capability of people to comprehend, use and enjoy public urban spaces [6].
In this context, Lynch’s student, Michael Southworth, then focused on the sound environment [7].

Despite the importance of such pioneering studies, little attention has been paid to other sensorial
aspects, apart from vision, in the field of urban planning and urban space design, where, as stated by
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Rogerson and Rice [8], “most continue to see such guidance as form, giving shape to the space and
thus enabling and supporting the occurrence of activity and function. In so doing, however, many of
the sensory dimensions are often lost.”.

Nevertheless, in recent years, a significant number of researches have explored the sensorial
experience and understanding of people pertaining to urban environments, and the influence that
different perceptual aspects can have on the assessment and use of outdoor public spaces, with the
aim of providing new indications for design and planning practices [9–11]. Some recent studies have
in fact focused on a combination of sound- and light-walk to evaluate the perception of outdoor
areas at night time [12]. Some of the studies on the perception of outdoor spaces have been directed
towards evaluating its influence on contrasting the formation of no-go areas through the enhancement
of perceived safety and the mitigation of anti-social behavior. In such spaces, the environmental
manipulation of sound and light has been studied as a way of acting on the presence and behavior of
people and therefore of enhancing the creation of what Newman [13] described as “defensible spaces”,
i.e., city spaces that can become livable and controlled not by the police, but by a community of people
sharing a common terrain.

The perception of the outdoor environment has been assessed in recent studies with specific
reference to the university campus [14] as “a focal point in the everyday behaviour of students” [15],
which can have an important influence on the quality of life of students. However, very few of these
studies have assessed outdoor campus areas with specific focus on the perception of safety and social
presence [16–18].

1.1. Soundscape and Safety Perception

The effect of a soundscape on people’s behavior was initially studied by researchers who assessed
the effects of background music on employees’ mood and productivity, and on customers’ purchases
in different work environments [19,20]. However, in the last few decades, due to the growing interest
in soundscape studies [21,22] for the design of public urban spaces (see the work of Kang et al. [23]
for a review of the studies conducted on the soundscape of the built environment), the studies on the
effect of a soundscape and of its manipulation on people’s behavior have been extended to include
outdoor public spaces [24–28]. Such effects become of particular importance when dealing with the
mitigation of anti-social behavior and the regeneration of “no-go” areas.

A pilot study conducted in Brighton and Hove (England) through the real-time analysis of
body language and the behavior of people walking through a 3D sound-art installation showed that
soundscape manipulation can reduce tension and mitigate aggressive behavior, and can hence reduce
the possibility of violent events [29]. A subsequent in situ experiment, conducted by the same authors,
indicated that background music led to a decrease in the walking speed and an increase in loitering
phenomena in a pedestrian subway [30,31].

Aletta et al. [16] conducted a similar in situ experiment in a pedestrian passage in the Sheffield
University campus (UK), in which background music was played through loudspeakers, and the
number of passers-by and the amount of time they spent in the passageway were monitored through
camera recordings. The results revealed that, although the number of people stopping in the passage
did not vary according to the different soundscape conditions (no music, classical background music,
jazz background music), the presence of music did lead to an increase in the average time spent in
the passageway.

In addition to the resort to in situ behavioral observations, other studies have used survey methods
to investigate the influence of background music on the perception of safety and social presence in
public places. Schafer et al. [32], using a soundscape excerpt reproduced in a laboratory environment,
showed that participants rated music scenarios as more reassuring than natural sounds or silence.
Sayin et al. [33] asked participants to respond to a 10-item questionnaire on perceived safety and social
presence after watching videos of a car park and of a metro station filmed by a subjective camera,
which included realistic environmental sounds (e.g., the participants’ own steps). The soundscape of
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each video was varied over four different conditions: Instrumental music, vocal sounds, bird songs
and silence. The participants judged the scenario with background vocal music as being safer than the
other scenarios and stated that the music would encourage them to frequent the place.

Finally, Astolfi et al. [17] conducted a laboratory experiment in which different soundscape
scenarios were tested in the same pedestrian passageway used by Aletta et al. [16] for in situ
measurements, and measured the perception of safety and social presence using the set of questions
reported in Sayin et al. [33]. The results showed that music scenarios significantly increased the
perception of safety and social presence, compared to a control condition (i.e., traffic background noise),
and jazz music resulted in having a greater impact on social presence than classical music.

1.2. Lightscape and Safety Perception

According to Cozens et al. [34], interest in the relationship between lighting and safety began in
the 1960s, when major lighting improvement schemes were implemented in cities in the United States
to reduce street crime. Since then, several studies have been carried out to investigate the relationship
between road lighting and perceived safety and, as a general result, they have demonstrated that
improved lighting reduces the fear of crime in city residents and increases the feeling of safety in
people walking along a road [35,36]. Literature reviews on this topic have confirmed this result.
Welsh and Farrington [37] analyzed 13 studies on improvements in road lighting with before-and-after
measurements of crime and, although in some cases lighting did not seems to be effective, the overall
reduction in crime after lighting improvements was estimated to be about 20%. Fotios, Unwin and
Farall [38] deduced, from their literature review, that previous studies had provided evidence on the
impact of lighting on pedestrian reassurance (a term used to encompass perceived safety and fear of
crime), but they also highlighted the possibility that the procedures that had been used in the studies
had led to such findings. In order to counterbalance this possibility, they carried out an experiment
using an approach that avoided any direct emphasis on lighting or on fear, but the results confirmed
the association of lighting with pedestrian reassurance.

Several characteristics of road lighting may influence one’s perception of safety: Boyce et al. [39]
found that horizontal lighting influenced the perceived safety in car parks; semi cylindrical illuminance
was found to be relevant for facial recognition [40], but the lamp spectrum and spatial distribution of
light also seemed to affect the safety perception of users in outdoor spaces [38] as did the design of the
space as a whole.

Nikunen and Korpela [41] indicated that changing the light focus, so that more visibility is given
either to vegetation or artificial elements (i.e., car park and road), can have the same effect on perceived
restorativeness, fear and the perception of presence as the modification of the actual content of the
scene. Moreover, Cellucci et al. [42] showed that the pedestrians’ sense of security can be affected not
only by lighting on the path itself, but also on the surrounding areas. Boomsma and Steg [43] showed
that reducing street lighting did not automatically lead to a reduction in perceived social safety and low
policy acceptance, which they found to also depend on the level of entrapment, i.e., the lack of escape
routes detected in the area by the observer. Peña-Garcia et al. [36], in a study conducted with 275 in
situ questionnaires pertaining to five different streets in Granada (Spain), showed that white light
induces a greater sense of safety in people. Moreover, a light color also seems to affect the behavior of
people in general, as white light, while permitting facial recognition in pedestrian areas, increases the
sense of well-being, and even helps activate commerce and nightlife because of its excellent chromatic
reproduction of the environment [44].

Finally, Di Stefano [45] conducted a laboratory experiment on the same pedestrian passageway
evaluated by Astolfi et al. [46] in order to assess the influence of different lightscape scenarios on
the perceived sense of safety and social presence, through the same set of questions that Sayin et al.
used [33]. In the context of this research, perceived safety should have been interpreted as the feeling
of not being in danger (e.g., because of violent or anti-social behavior), while social presence should
have been interpreted as the feeling that a place was generally vibrant/lively because of human social
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activities and/or because it was frequented by other people [47]. Biocca et al. [48] defined social
presence as “the sense of being together with another person”. They highlighted the fact that this
sense may be perceived either as the real presence of humans and animals or as a simulation of their
presence. Therefore, vocal (animal and human) sounds are potent social cues that “enhance the illusion
of interaction with a social entity” [47]. Additionally, social presence is related to the perception of
safety, since individuals feel safer in the presence of others, because they consider the possibility that
others will act somehow if they need help [49]. Accordingly, the presence of others has a soothing
effect under conditions of imminent threat and provides a sense of security [50].

1.3. Simulated Test Environments and Audio-Visual Interaction

In spite of the remarkable number of studies on the effect of perceptual aspects on the
mitigation of stressful situations and anti-social behavior, the influence of the contemporary
manipulation of lightscape and soundscape on perceived safety and social presence has as yet
been somewhat understudied.

The mutual interaction between auditory and visual stimuli has recently been investigated with
respect to a landscape and soundscape evaluation in urban scenarios [51–53], public spaces, such as a
metro station [54] and the evaluation of elements with impact on soundscape and landscape, such as
wind turbines [54] and noise barriers [55].

However, to the best of the authors’ knowledge, such an interaction has never been assessed with
specific reference to the requalification of no-go areas and the related safety issues.

In order to allow for the evaluation of both aspects and to assess the combination of different
possible soundscape and lightscape scenarios on the same urban environment, laboratory tests on
simulated scenarios were conducted. Most of the aforementioned studies were in fact conducted
through in situ experiments, which, although enhancing the ecological validity of the study, reduced the
possibility of controlling for boundary conditions. Simulated scenarios, realized through photorealistic
renderings and soundscape auralizations, are considered as a good compromise between similarity to
in situ experiment and the possibility of testing different design options within short times and with
no additional costs, while controlling for boundary conditions [56].

1.4. Objectives of the Study

The present study has investigated the use of both soundscape and lightscape manipulation as
a measure to influence the perception of safety and social presence in a pedestrian passageway in a
university campus, which had previously been the subject of in situ analysis in another study [16].

In a previous work, Astolfi et al. [17] assessed the studied environment through laboratory tests,
focusing only on soundscape manipulation through background music and the placing of noise barriers
on the road above the pedestrian passageway, while Di Stefano [45] conducted a parallel experiment on
the same simulated environment, focusing on lightscape manipulation [46]. Building on these previous
findings, the present study is aimed at evaluating the mutual influence of visual and auditory stimuli.

2. Materials and Methods

The present study has focused on the influence of soundscape and lightscape on the perception of
safety and social presence in an outdoor pedestrian area. It was conducted through a laboratory test in
which nine audio-visual scenarios were presented to the participants. Such scenarios were derived
from a combination of three different auditory stimuli and three different visual stimuli, obtained from
simulations performed with a 3D model of the real environment. The model had been realized through
AutoCAD (v. 2014) software. Moreover, Odeon (v. 13) had been used for acoustic simulations and
DIALux (v. N4.12), while 3D Studio Max (v. 2016) had been used for lighting simulations.
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2.1. Case-Study

The area selected as a case study is a pedestrian passageway under a vehicular flyover, which is
known as the “Concourse Bridge”, in the middle of the Sheffield University campus. The passageway
is a crucial pedestrian connection between different parts of the campus, and had already been the
subject of other in situ studies [16]. Despite its central position, with respect to the campus area, the
passage is not particularly appealing. Figure 1 shows an aerial view of the university campus with an
indication of the study area, together with some pictures of the Concourse Bridge.
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2.2. Lightscape Simulations

Lighting simulation is generally used for two different but correlated purposes: The calculation of
lighting parameters, to quantify the performance of lighting projects and installations and to check
their compliance with standards and requirements, and the rendering of the lighted scene, to allow a
perceptual evaluation of the resulting environment.

However, the use of static or dynamic visualization of simulated environments in studies aimed at
analyzing subjective responses can introduce potential errors, with respect to the experience of the real
environment, as highlighted in previous studies [57]. However, the evolution of computer graphics
and lighting simulation has increased the accuracy of both quantitative and qualitative results to a
great extent, and this kind of approach can be particularly useful in laboratory tests and to compare
different lighting scenarios of the same environment.

For this study, the visual experience of the night-time lightscape was reproduced using a detailed
3D model, created in AutoCAD and then imported into 3D Studio Max, to implement lighting
simulation and visual rendering. Particular attention was paid to the reproduction of details and
textures, which is necessary to increase the realism of the final renderings.

The first lighting scenario that was simulated was the current situation of the “Concourse Bridge”
area; two different lighting retrofitting projects were then developed. Both solutions were designed to
be compliant with the standard requirements of visibility in pedestrian areas. Furthermore, one of
the two solutions was more oriented towards the improvement of the energy efficiency of the system
(“functional” project), while the other was oriented towards the enhancement of the space appearance
(“scenographic” project).

In the “functional” project hypothesis, energy-efficient LED luminaires with a color temperature
of 4000 K were inserted into the model. Luminaires were placed along all the access and exit paths to
the subway, with the purpose of creating an optical guide for users towards escape routes; the number
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of high-rise luminaires on the buildings was increased to improve lighting uniformity, and the lights
under the bridge were replaced, shifted and rotated to lower the possibility of the disability glare
phenomenon occurring thereby causing disorientation and discomfort for the pedestrians passing
under the bridge. The focus in the “scenographic” project hypothesis was on the aesthetic aspect of the
requalification of the appearance of the Concourse Bridge. Green and blue colored LED luminaires
were inserted throughout the underpass, on the terrain along paths, stairs, and around the bridge
pillars, and new lights were added to replace old sources under the bridge. Moreover, the number
of luminaires on the top of the buildings in the area was increased to ensure a good uniformity of
illumination. Figure 2 shows a picture of the current situation of the “Concourse Bridge” area and a
scheme with the positions of the luminaires placed in the DIALux model in order to reproduce the
present situation, the “functional” project and the “scenographic” project.
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The three different lighting scenarios were initially simulated with DIALux (DIAL GmbH, 2011),
a professional lighting design software, specifically developed to design and calculate the performance
of indoor and outdoor lighting plants, and the resulting lighting installations were then included in
the model and simulated with 3D Studio Max to obtain high quality renderings.

In order to evaluate the performance of the lighting plants, the parameters reported in the current
EN 13201 Road Lighting standard—Part 2 [58] were considered. According to this standard, the
Concourse Bridge can be defined as a pedestrian and cyclists area. The standard provides lighting
requirements for this type of area in terms of average horizontal illuminance (Eav), minimum horizontal
illuminance (Emin), semi-cylindrical illuminance (Esc) and illuminance uniformity (U).

The results from the DIALux simulations demonstrated that the existing lighting plant complies
with the requirements of the standard, in terms of average horizontal and semi-cylindrical illuminance,
but it fails to provide a uniform distribution of light, hence determining over-illuminated and
under-illuminated zones over the whole area. On the other hand, the two retrofitting hypotheses
comply with the requirements of the standard, in terms of average illuminance, and provide a
more uniform illuminance distribution. Furthermore, according to the scope of the two retrofitting
hypothesis, the “functional” project drastically increased the energy efficiency of the system (lighting
power reduced from 42 KW to 2 KW), while the “scenographic” project allowed the semi-cylindrical
illuminance to be increased, thus enhancing the perception of vertical surfaces and objects. The results
of the lighting calculations for the main zones of the underpass area (P1 and P2 shown in Figure 2) are
reported in Table 1.

Table 1. Results of the lighting simulations for zones P1 and P2 (as shown in Figure 2).

Parameter Requirement Current Situation Functional Project Scenographic Project

EN 13201-2 P1 P2 P1 P2 P1 P2

Eav (lux) ≥10 30 26 17 16 17 28
Emin (lux) ≥3 6 5 9 7 7 14

U (–) 0.2 0.2 0.5 0.4 0.4 0.5
Esc (lux) ≥2 9 4 6 4 15 11

Photorealistic renderings were created through 3D Studio Max software, in which the materials
present in the Concourse Bridge underpass and luminaires, corresponding to the three different
scenarios, were inserted. Three cameras (P1, P2 and P3, as shown in Figure 3) were placed at a height of
1.60 m above the ground, at the average height of the human eye. In two of the chosen views, the camera
is located near the bridge, at the underpass level, while the third one is positioned above the staircase,
thus allowing the viewer to look at the environment from a different perspective (Figure 3). The
photometric files of the luminaires were inserted into the rendering software to accurately reproduce
the lighting quantity and distribution. Figure 3 shows the rendering images that were obtained for the
three lighting scenarios and the three viewpoints.

The presence of people or pedestrians was not considered in any of the scenarios. Although the
ecological validity of the performed tests is without doubt an important issue, the focus of this study
was on the difference between scenarios. Furthermore, the absence of people was considered necessary,
since it is known that their presence influences vibrancy [59]. This choice was aimed at eliminating
and controlling this factor explicitly, as has been done in other studies [33,60,61].
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2.3. Soundscape Simulations

The auditory stimuli used in the test consisted of auralizations generated by means of Odeon [62].
The calibration process has been described in detail in Astolfi et al. [17], where further information can
be found.

The AutoCAD model was imported in the Odeon environment and was calibrated on the basis of
in situ measurements conducted in February 2015 [63]. The reverberation time, T30, was measured
according to ISO 3382-1 [64]. Despite being originally conceived for indoor environments, the standard
proved to also be applicable for urban outdoor spaces in previous studies [65–67]. Figure 4 shows the
absorption coefficients (α) and the scattering coefficient (s) for all the materials considered in the model.
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The set of sources inserted into the model was defined and calibrated on the basis of the in situ
experiment conducted by Aletta et al. [16]. Two line sources, characterized by a normalized road noise
spectrum [68], were placed on the flyover and two loudspeakers, with the same position and directivity
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as the ones used in the in situ experiment, were placed under the bridge (Genelec, 8030 A) [17]. A
receiver was placed in the same position as where the in situ measurements had been conducted. The
power of the sound sources was then calibrated in order to match the simulated A-weighted SPL
(Sound Pressure Level) values to the background noise measured in situ and to the overall sound
pressure level of the loudspeaker used for the in situ experiment [16].

Subsequently, three receivers were inserted into the model at the same points where the cameras
P1, P2 and P3 had been placed in the 3D Studio Max software for the creation of visual renderings
(see Figure 3), at a height of 1.60 m from the ground, in order to simulate the position of the ears of a
standing person.

Figure 5 shows a view of the Odeon model with the above-mentioned sound sources and a plan
of the area with the position of the receivers used to calibrate the sound sources.
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Figure 5. (a) Plan of the area with position of the sound sources and of the receiver (circle) used for
sound source calibration. (b) Position of the sources and of the receivers used for simulations and
auralizations (P1, P2 and P3) within the Odeon model.

Auralizations were conducted by convolving the binaural impulse responses (BRIRs) obtained for
each receiver position (P1, P2 and P3) through Odeon simulations with an anechoic stimulus of traffic
and two anechoic music tracks, namely the “Waltz of the Flower” by Tchaikovsky and “Creole Jazz” by
King Oliver [17].

In order to obtain the final auditory stimuli for the perceptual laboratory test, each of the three
traffic auralizations was mixed with the two background music auralizations obtained for the same
listener position, using Adobe Audition (v. 3.0). Figure 6a shows a scheme of the auralizations and
mixings that were performed, which led to nine different auditory stimuli (three per each listener
position), which were then used in the subsequent test.
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The final step was the optimization of the obtained wave stimuli at both ears in order to obtain the
same SPLs calculated by Odeon. In this way, the auditory stimuli perceived by the listeners during the
test were set at the same SPL level as the one that a listener positioned in P1, P2 and P3 in the real space
would perceive. A detailed description of the optimization procedure can be found in Astolfi et al. [17].
Figure 6b shows the calibration setup inside the anechoic chamber at the Politecnico di Torino.

2.4. Test Structure

As stated in the introduction, nine different scenarios, resulting from a combination of three
visual stimuli and three auditory stimuli, were used in the test. Each scenario was presented through
a 21 s video, in which three visual renderings of the Concourse Bridge, corresponding to the three
observation points P1, P2 and P3 (see Figure 3), were shown together with the auditory stimuli realized
in the same position (see Figure 6). The videos were made in Windows Moviemaker (v. 6.1) software.
Each sequence of three visual renderings (i.e., the real situation, functional lighting and scenographic
lighting) had been combined with each sequence of three auralizations (i.e., real situations, classical
background music and jazz background music), hence the study implemented a 3 × 3 level design.
Figure 7a shows the experimental design.Sustainability 2019, 11, x FOR PEER REVIEW 11 of 20 
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Figure 7. (a) Experimental design; (b) example of a test page.

The test was constructed with the SurveyGizmo online tool and was composed of a total of 13
pages. In the first one, the participants had to fill in a data form, where they provided information
on their age, gender, occupation and previous experience in acoustics and lighting design, in order
to allow the test results to be analyzed with respect to factors of potential influence. They were then
given instructions on the aim and the structure of the test, in pages 2 and 3, and were also instructed
not to change the audio and video settings, so that all the participants could work under the same
conditions. Each of the other 10 pages presented a video corresponding to one of the scenarios. Page 4
was used as a training session in order to allow the participants to familiarize themselves with the test,
and the answers to this page were then not considered in the test results. Pages 5 to 13 constituted
the core of the test, in which all nine scenarios were presented to the participants. Figure 7b shows a
schema that represents the test structure.
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The participants were asked to evaluate each scenario and express their evaluation in a
questionnaire composed of 10 items. The items were derived from previous studies on the perception
of safety and social presence in public spaces [33]. The participants had to assess each item on a
five-point Likert scale ranging from 1, “strongly disagree”, to 5, “strongly agree”, and were required to
assess all ten items before moving on to the next scenario. The nine scenarios were presented randomly
in order to avoid an order effect, and the participants could play each video as many times as needed.

Table 2 presents the 10 items that the participants were asked to assess for each scenario, together
with the abbreviation that are used hereafter to indicate each item, for the sake of conciseness.

Table 2. The ten items used in the questionnaire, together with the abbreviations that are used hereafter.

Item Abbreviation

“This area makes me feel worried” Worried
“This area makes me feel tense” Tense

“This area makes me feel comfortable” Comfortable
“This area makes me feel safe” Safe

“This area makes me feel alone” Alone
“This area is a friendly place” Friendly
“This area seems to be alive” Alive

“There is a sense of human warmth in this area” Human warmth
“I feel like there are others in this area” Presence of others
“I feel human sensibility in this area” Human sensibility

2.5. Experimental Setup

The perceptive tests were conducted in the anechoic chamber at the Politecnico di Torino (Italy), as
it allows an environment with a very low background noise (17.3 dB LAeq) to be obtained. Thirty-one
participants (nine males and 22 females), aged between 19 and 28 years old (Mage = 23.3 and SD = ±2.5),
voluntarily took part in the experiment.

The equipment used for the test consisted of an HP 203.3G laptop connected to an HP Z24i
monitor and to a pair of Sennheiser 650 HD through a TASCAM US-144 audio/MIDI interface.

Before starting the test, each participant underwent a tone audiometric test, performed using the
“Loud Clear Hearing Test” windows app, developed by JPSB Software, and a simplified web version of
the Ishihara test to evaluate color-blindness. The listening sound level had previously been set by the
experimenter for the tone audiometric test, and each participant took the audiometry test under the
same conditions. All the participants were found to have normal hearing and visual conditions, and
all their answers were therefore included in the result analysis. Figure 8 shows the test setup inside the
anechoic chamber.
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3. Results and Discussions

3.1. Principal Component Analysis

A principal components analysis (PCA) was run on the 10-item questionnaire to measure the
individual responses to the audio-visual stimuli experienced by the 31 participants. The suitability of
PCA was assessed prior to the analysis. An inspection of the correlation matrix showed that all the
variables had at least one correlation coefficient greater than 0.3. The overall Kaiser-Meyer-Olkin (KMO)
measure was 0.89, which, according to Kaiser, has been classified as “meritorious” [69]. Bartlett’s test
of sphericity was statistically significant (p < 0.001), thus indicating that the data were likely factorable.

PCA revealed two components that had higher eigenvalues than one. A visual inspection of
the screen plot (reported in Figure 9a) indicated that the two components should be retained [70]. In
addition, a two-component solution met the interpretability criterion. As such, the two components
were retained.
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The two-component solution explained 67.5% of the total variance. A Varimax orthogonal rotation
was employed to aid interpretability. The rotated solution exhibited a “simple structure” [71], as
reported in Figure 9b. In fact, when looking at the rotated component matrix reported in Table 3, the
relatively simple structure of the solution is reflected by the fact that each item of the questionnaire
(variable) has only one of the two components “loading” strongly on it, and each component loads
strongly on at least three variables. For example, Component 1 loads strongly on “Worried”, “Tense”
and “Safe”; while Component 2 loads strongly on “Human warmth”, “Presence of others” and “Human
sensibility”.

Therefore, considering the position of each of the ten items of the questionnaire, Component 1
had attributes related to unsafe (i.e., worried, tense) at its negative end, while other attributes, related
to safety, may be observed at its positive end (i.e., safe, comfortable). On the other hand, Component
2 had attributes related to a lack of presence of people (i.e., alone) at its negative end, while other
attributes, related to the presence of people, may be observed at its positive end (i.e., presence of others,
human sensibility). Therefore, Component 1 was interpreted as “perceived safety”, while Component
2 was interpreted as “perceived social presence”. Subsequently, the component scores extracted from
the dimensional reduction were assigned to each participant and these were used to define two new
variables, namely: Perceived safety and perceived social presence.
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Table 3. Rotated component matrix * for the 10 items used in the questionnaire.

Component

1 2

Worried −0.880 −0.061
Tense −0.879 −0.137

Comfortable 0.693 0.403
Safe 0.736 0.271

Alone −0.596 −0.283
Friendly 0.626 0.593

Alive 0.560 0.664
Human warmth 0.534 0.705

Presence of others 0.031 0.810
Human sensibility 0.180 0.716

* Extraction method: Principal component analysis. Rotation method: Varimax with Kaiser normalization–rotation
converged in three iterations.

Figure 10 shows the scatterplots of the test results, with respect to the two newly identified
components. As can be seen from the charts, the results of the scenarios with no background music
were associated with lower perceived safety and perceived social presence scores, as a low number of
test results were located in the quarter corresponding to positive scores for both factors. The number
of results in this quarter pertaining to the case of jazz and classical background music increased, while
there were fewer results in the quarter corresponding to negative results for both components and they
were closer to a zero score for both components. Moreover, the results corresponding to scenographic
lighting seemed to reach higher values for the perceived social presence component than for functional
lighting and current lighting.
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Figure 10. Scatter plots of the test results with respect to the two principal components derived
from PCA. The three different charts represent the results of the scenarios with no background music
and for the jazz and classical music backgrounds, respectively. The blue, green and brown circles
in each chart represent the scenarios with the current lighting, scenographic lighting and functional
lighting, respectively.

3.2. Effects of the Music and Lighting Conditions on Perceived Safety and Perceived Social Presence

A two-way repeated measures ANOVA was conducted to examine the effects of music and
lighting on perceived safety. Sphericity, as assessed by means of Mauchly’s test of sphericity (p > 0.05),
was observed for the interaction term. The interaction effect between music and lighting on perceived
safety was not statistically significant, F(4, 120) = 0.225, p = 0.924 (Figure 11a).
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Therefore, an analysis of the main effect of music was performed, and it was found to be statistically
significant, F(2, 60) = 6.508, p = 0.003. Pairwise comparisons (post hoc Bonferroni adjustment) revealed
that the no music condition was statistically significantly different from the classic condition (p =

0.017), but not from the jazz condition (p = 0.067), and that the latter two did not differ from each other
(p > 0.05). These results are to some extent consistent with the findings of Astolfi et al. [17] in which,
for all the items related to perceived safety, a significant difference was found between a no music
condition and background music conditions, but no difference was found between the two background
music conditions (classical and jazz).

The main effect was also analyzed for lighting, but no statistically significant differences emerged
(p > 0.05) for the three analyzed lighting scenarios. Such findings might seem contradictory with
previous findings on the positive influence of increased lighting [35,38] and of white lights [36] on
safety perception. However, it should be pointed out that the functional and scenographic scenario
did not introduce an increase of illuminance, with respect to the current lighting situation, despite the
improvement in the uniformity of the illuminance distribution and the reduction of the glare effect.

A two-way repeated measures ANOVA was also conducted to examine the effects of music and
lighting on perceived social presence. Sphericity, as assessed by Mauchly’s test of sphericity (p > 0.05),
was observed for the interaction term. The interaction effect between music and lighting on perceived
social presence was not statistically significant, F(4, 120) = 0.945, p = 0.440. Therefore, an analysis of the
main effects of music and lighting was also performed separately in this case. The analysis indicated that
the main effect of music was statistically significant, F(2, 60) = 12.156, p < 0.001. Pairwise comparisons
(post hoc Bonferroni adjustment) revealed that the jazz condition had statistically significantly higher
scores for perceived social presence than both the no music (p < 0.001) and classical music (p = 0.017)
conditions, but the latter two did not differ in a statistically significant way (p = 0.073), as shown
in Figure 11b. This once again is basically consistent with the results presented in Astolfi et al. [18],
in which a significant difference was found between the three background music scenarios for test
items related to liveliness, human warmth and human sensitivity, with jazz music providing a higher
perceived social presence than classical music. A possible explanation for this is that jazz music is more
likely associated with street performances than classical music (which is performed by larger groups of
musicians) and the participants might have been aware of this incongruency. The effect of background
music on both safety and social presence perception is also consistent with previous findings of in situ
observations performed in the area [16]. However, in the case of Aletta et al. [16], classical music was
reported to have a greater influence on the time spent by passers-by in the area.

Subsequently, the main effect was also analyzed for lighting, and it was reported to be statistically
significant, F(2, 60) = 6.953, p = 0.002. Pairwise comparisons (post hoc Bonferroni adjustment) revealed
that the scenographic lighting condition was statistically significantly different from the current lighting
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condition (p = 0.011), but not from the functional lighting condition (p = 0.073), and the latter two did
not differ in a statistically significant way between each other (p > 0.501). A possible explanation for
this is that the two retrofitting hypotheses determined a more uniformly lit environment with higher
luminance on the vertical surfaces of the bridge and surrounding buildings, and this led to a more
comprehensive perception of the environment. Furthermore, the scenographic solution determined a
significantly higher semi-cylindrical illuminance, a condition that is recognized to be fundamental for
facial recognitions and therefore for enhancing the perception of people.

3.3. Strengths and Limitations of the Study

The present research has been conducted through laboratory tests, which have allowed several
different scenarios of the same place to be evaluated in one single experiment. Similar studies may
help to evaluate preliminary solutions, without implementing cost-demanding solutions and without
the need of enforcing too strict controls of the area.

The use of similar scenarios involves simplifications of the presented scenarios, with respect to
the use of virtual reality and in situ experiments.

Previous studies [57] showed that simulated scenarios seem to lead to an overrating of such
negative effects as a threat and to an underrating of such positive effects as a pleasure and overall liking,
while the lack of movement may represent a limitation to simulated environments [56]. A general
shortcoming of the laboratory test method is the impossibility of investigating any social cohesion,
which has been reported to be one of the possible effects of soundscape design in other research [16].

Therefore, future developments of the work may involve the use of virtual reality walk-through
in the area, as the use of virtual reality to evaluate the perceptual aspects of public spaces has shown
congruency between real environment ratings and VR (Virtual reality) reproduction [72]. Moreover,
a comparison between in situ and laboratory experiments may also be conducted, in order to gain
deeper insights into how the two methodologies can contribute to the assessment of the manipulation
of environmental features on the perception of safety and social presence. The need to study the
comparison between in situ and laboratory experiments in more detail has also been underlined by the
differences in the results of this study from those shown in the work of Aletta et al. [16].

As far as the tested scenarios are concerned, since the lighting scenario was aimed at increasing
uniformity and reducing the potential glaring effect, future research may involve the investigation of
lightscape effects in relation to a more consistent variation in the lighting quantity or to the modification
of other visual characteristics of the scene.

Moreover, in order to make a more detailed comparison with previous studies, such as the one
conducted by Sayin et al. [33], natural and vocal sounds should be considered in future investigations.

4. Conclusions

The present study has evaluated the effects of soundscape and lightscape modifications on
perceived safety and perceived social presence in a pedestrian area. The research has been conducted
through laboratory tests in which participants were presented with nine different scenarios of the same
underpass, but with different lightscapes and soundscapes, and were asked to assess each scenario
with respect to 10 items related to perceived safety and perceived social presence.

The statistical analysis conducted on the results showed that no significant correlation
emerged between soundscape and lightscape modifications, for either perceived safety or perceived
social presence.

An analysis of the main effects of soundscape showed that the presence of background music
had an effect on the improvement of perceived safety and social presence, with respect to the control
condition (no music). No differences were found between classical and jazz background music as far
as perceived safety is concerned, while jazz music resulted to have a greater effect on perceived social
presence than classical music.
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The positive effect of the presence of music is consistent with previous studies [16,30–32]. Further
research needs to be conducted considering different soundscape scenarios, such as natural sounds or
vocal music, as used in previous studies [32,33]. The obtained results are also consistent with previous
tests conducted on the same simulated outdoor area on the effects of soundscape manipulations [17].

The same analysis, conducted on the main effects of lightscape, showed no influence on perceived
safety, while a significant influence was found for scenographic lighting, with respect to the current
lighting, on perceived social presence. These results, which seem to contradict the results of previous
studies [35,36,38], should be analyzed taking into account the characteristics of the compared scenarios.
The current situation was not lighted less than the two retrofitting hypotheses, in terms of horizontal
illuminance, but the area was less uniformly lit and there was less semi-cylindrical illuminance
than in the scenographic lighting case, two aspects that can affect the impression of social presence.
Furthermore, some laboratory settings, such as screen dimensions and light rendering settings may
have influenced the subjective analysis, and further studies should be conducted to confirm the results
of the present research and their relation with previous findings on the influence of lighting on the
perception of safety and the fear of crime.

These types of study have relevant implications for the design and management of cities, as
they may be used to evaluate the possibility of tackling security and safety issues in no-go areas with
non-intrusive and cost-effective strategies, using laboratory experiments to evaluate a high number of
different possible interventions with low investments, in terms of money and time. Further research
should also be aimed at expanding the current results by evaluating the influence of different kinds of
background sounds and the influence that other visual features of the area may have on the effectiveness
of lightscape manipulation in enhancing perceived safety and social presence.
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