EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

Is the sound environment relevant for how people use
common spaces?

Citation for published version (APA):
Estévez-Mauriz, L., Forssén, J., & Dohmen, M. E. (2018). Is the sound environment relevant for how people use
common spaces? Building Acoustics, 25(4), 307-337. https://doi.org/10.1177/1351010X18790832

DOI:
10.1177/1351010X18790832

Document status and date:
Published: 01/12/2018

Document Version:
Publisher's PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

* A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOl to the publisher's website.

* The final author version and the galley proof are versions of the publication after peer review.

* The final published version features the final layout of the paper including the volume, issue and page
numbers.

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:

openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 04. Oct. 2023


https://doi.org/10.1177/1351010X18790832
https://doi.org/10.1177/1351010X18790832
https://research.tue.nl/en/publications/3445fbca-7d29-4bdc-a033-666f1c2c8554

W) Check for updates

BUILDING
Soundscapes of buildings and built environments ACOUSTICS

Building Acoustics

Is the sound environment o T (s 2018
Article reuse guidelines:

relevant for how people S
journals.sagepub.com/home/bua

use common spaces? T §SAGE

Laura Estévez-Mauriz''", Jens Forssén!'
and Maud E Dohmen?

Abstract

Rapid and intrusive spatial adjustments in common spaces are increasingly questioned by the awareness
of citizens demanding higher quality standards. This study aims to understand the use of common space
by identifying how the sound environment affects the functions of space and the interaction with other
environmental and spatial variables. Is there a certain sound environment required or that should be avoided
when designing a space for a specific activity? In situ evaluations with regular users were collected in nine
common spaces in Gothenburg, Sweden, conducting sound recordings and questionnaires. Site selection
responded to the purpose of the analysed places, the noise level (LAeq) of the city road traffic noise
map, and the number of activities suggested by the city sociotope maps. The analyses revealed that certain
activities could be identified from LAeq values. Discriminant functions with respect to sound levels primarily
identified a tranquil/restorative vibrant dimension, where the highest noise levels tend to be at the most
vibrant end. Other results showed that a considerable variability of overall and visual quality judgements
came from the variability in sites. These quality assessments were highly correlated, allowing both to be
analysed as a single attribute. The variability in sound quality was much lower. Notable is the difference
between recorded and perceived loudness. In addition, poor sound quality judgement does not seem to
correlate with the perception of mechanical sources as the main source of noise.
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Introduction

Urban areas have undergone a transformation through different urban fabrics. Within this transfor-
mation, the means of transport have been of great influence for the development of cities, adapting

'Division of Applied Acoustics, Department of Architecture and Civil Engineering, Chalmers University of Technology,
Gothenburg, Sweden

2Building Physics and Services, Department of the Built Environment, Eindhoven University of Technology, Eindhoven,
The Netherlands

Corresponding author:

Laura Estévez-Mauriz, Division of Applied Acoustics, Department of Architecture and Civil Engineering, Chalmers
University of Technology, SE-412 96 Gothenburg, Sweden.

Email: laura.estevez@chalmers.se


https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/bua
mailto:laura.estevez@chalmers.se
http://crossmark.crossref.org/dialog/?doi=10.1177%2F1351010X18790832&domain=pdf&date_stamp=2018-08-16

308 Building Acoustics 25(4)

to changes in modes of transport. However, the flexibility brought by the automobile at first has
been quickly diluted due to the growing traffic congestion, reaching a peak. As a consequence, cit-
ies have experienced a recent change, demanding a more walking and transit urban fabric, in com-
bination with an automobile one.' The demand looks forward to rebalance the utilisation of space
within the social, economic and environmental welfare.

Within this overlap, the concept of urban common spaces emerges as places of socialisation,
restoration and co-creation, going beyond their materiality, as they cannot be separated from the
different forms of appropriation.?3 In this sense, the choice of going to a certain public space
responds to several characteristics, both perceptual and physical: the common space is not a con-
crete product or a quantity, but rather a process, an active form of social relations.* For that to
happen, certain physical conditions have to be met as Stavrides pointed out,* suggesting that
designed spaces need more than architecture to guarantee that they will become common space.
Throughout this article, the term use is identified as a certain activity that includes a thing. However,
the use needs interaction to know if it fulfils the purpose. The interaction occurs through the incor-
poration of the term function as a set of processes and abilities capable of reflecting the use of space
by people.’ In this regard, the common space can be understood as functionality, as a space that
enables people to perform certain activities, where good space is used space.’> Achieving this
entails questioning the purpose of public urban areas and how urban conditions and profiles (envi-
ronmental, spatial, functional) influence their use and stimulate social practices.

Nowadays, several consolidated parts of the city are subjected to structural changes, that is,
morphological changes. However, these are only relevant if they are able to provide quality and
generate relationships among citizens, empowering people. Rapid and intrusive spatial adjust-
ments have ended in harmful environmental development, whereas without environmental quality,
cities can become hostile places.® Concerns have arisen which question that poor decisions on
urban expansion can be irreversible, meaning that unplanned urban growth has no place.” Exploiting
all the potential benefits that an urban intervention may have is decisive, even when certain aspects
have not been raised as a burden. In this framework, the increased awareness of citizens who
demand higher standards of quality in urban areas has become of utmost importance for environ-
mental aspects. The spatial production demands integrative approaches that go beyond the specific
current governmental agenda, involving authorities, stakeholders and citizens, requiring not only
comprehensive but proactive understandings of it, allowing the people to own their environment.?

In order to achieve this proactive and comprehensive view, the understanding of social space
demands to move from the problem-solving study towards a sense-making one. The purpose is to
try to make sense of the world through social, spatial and environmental relations, avoiding discon-
nected needs of the urban public spaces.’ For that, it is necessary to understand the space as a social
product? studying the consequences that a certain spatial production might have over human expe-
rience. However, public space choosing responds to several characteristics. For example, if some-
one decides to go with their children to play in a park, certain physical conditions are needed to
become common space.* In this case, a playground or a large green area needs to be accompanied
by a certain feeling of safety, the possibility to watch the children while being seated, the trade-off
between closeness to home, the benefits of that space and so on.

Within the spatial production and its impact over human experience, the urban sound environ-
ment becomes one of the pieces of the urban planning processes puzzle. It is obvious that a location
is not always chosen in a conscious way by one single characteristic, neither by the sound environ-
ment.!® However, the urban sound environment has been one of the most overlooked aspects in
urban planning processes, appearing exclusively within a legislation and noise abatement view.!!
In Europe, the outdoor sound environment is mainly addressed through the European Noise
Directive!? and national legislations. Considering it as a self-evident part of the planning process!!
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may be beneficial not only for the sound quality itself; it can bring other opportunities facilitating
the functions and uses of spaces, either directly, with an activity provided by the sound environ-
ment, or in an enabled manner together with other dimensions or features of the site.

With the intention to go beyond legislations, the concept of soundscape has received much
attention over the last decades. Nevertheless, in 2014, a definition to standardise the concept
appeared: the acoustic environment as perceived or experienced and/or understood by a person or
people, in context.!3 The term context seemed to be the most relevant inclusion, possibly led by the
research carried out by Nielbo et al.!* They demonstrated, partially, the relation between action and
soundscape perception, suggesting that the information of the sound environment is determined by
the context. In this direction, previous studies!s highlighted the need of information to improve the
development of cities in favour of human wellbeing. It is in this inclusion of context and informa-
tion where our study is interested through the investigation of ordinary urban surroundings. It is
important to emphasise that the use of terms such as soundscape and acoustic environment has led
to erroneous interpretations, since both have been treated by several studies as synonyms!'® or as
terms excluding each other. For the purpose of this study, the broad term urban sound environment
is used to embrace both the study of the functionality of spaces and the urban structure in relation
to the sound environment and the perceptual construct. This way, policies can expand their hori-
zons beyond the narrow noise abatement view of noise level reduction.

In this regard, qualities of the urban public space have been linked to the urban public activi-
ties.!”-18 Approaches to evaluate the impact of the sound environment on the activities that can be
performed at different places require a people-oriented view. Within this view, there has been con-
siderable growing interest in the use of methods as soundwalks and the study of the sound environ-
ment quality.!®22 In those studies, the intention was to move away from the old paradigm of
adapting the people to the environment, regardless if it is considered a bad one. With the purpose
of relating the soundscape and the psychoacoustics research, different studies have identified the
influence of the urban activity on the evaluation of the sound environment. For example,
Raimbault'> demonstrated that the role of activities helps to tell soundscape descriptions apart,
whereas spatial attributes characterised overall impressions. Lavia et al.? investigated the link
between activity and appropriateness; however, the study considered single sound sources in labo-
ratory conditions, thus appropriateness of the sound environment to the setting was kept as an open
question, neglecting an environmental approach. Moreover, several models have been developed
trying to identify ways to study soundscape quality judgements by attributes such as relaxation,
vibrancy, communication and spatiality** or by pleasantness, eventfulness and familiarity.>> As
mentioned, most of this research has been developed through laboratory experiments rather than in
situ evaluations, limiting the study of the urban sound environment on human behaviour within a
context. However, the environmental information by itself is not informative, and it must be con-
sidered in respect to the human who perceives it.26 With this perspective in mind, the active users
of the cities are the main ones modifying the environment, and the production of common space
responds to the opportunities that a specific location might bring to that particular user’s experi-
ence. Embracing an environmental approach able to consider the human—space—time interaction is
essential. Nevertheless, at the moment, the most used tool to study the urban sound environment in
our cities is mainly through the information provided by the noise map presented by the cities,
based on noise from road traffic, rail traffic, industry and aviation.!> Within a people-oriented view,
there is still some controversy surrounding the relevance of the information provided by such maps
for the general public, the decision makers and the urban planners?’” who requires widening the
knowledge of noise maps importance.

This study looks forward to bring further understanding of common spaces and their functional-
ity. The main interest lies in the identification of the urban sound environment affection to the uses
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and functions of common spaces and how it interacts with other environmental and spatial varia-
bles. In this way, this article investigates suitable activities that can be performed in a given space
for such functionality due to the influence of noise sources, the sound quality judgements and the
noise levels. The former is studied through physical, environmental, perceptual variables and the
suitability of specific activities to certain locations.

Based on the previous reflection, a series of research questions are addressed in this study as
follows:

e Is there a certain sound environment required or that should be avoided when designing a
space for a specific activity? Is it possible to predict?

e What is the relationship between the overall quality, visual quality and sound quality?

e Do sites have an influence on the suitable activities to be carried out? Can clusters of sites
(i.e. locations with similar purposes due to its physical and perceptual features) be recog-
nised? As a consequence, could such spaces have similar uses and functions?

e Can sociotope maps help to predict suitable sound sources?

e What is the relation between the urban sound environment and the uses and activities
performed?

e Can suitable activities be predicted from the information granted by the road traffic noise
mapping results provided by the city or need full understanding of the urban sound
environment?

Methodology

The study includes nine common spaces in the city of Gothenburg, Sweden, studied in April—
June 2017. Recordings and questionnaires were made simultaneously. With the intention to
gather a large number of users, seven sites were studied during weekends between 14:00 and
17:00h. Due to environmental issues, the other two sites were studied during working days
after 15:30h.

Selecting the locations for the study

In order to understand the experience of a place and the influence of physical and environmental
qualities, nine locations were selected to perform the study. The selection responded to three crite-
ria: the first one was based on the idea of having a variety of purposes of the common spaces,
including open green areas (vegetation and/or water), open urban areas, urban parks and urban
public spaces. This first criteria responds to the requirement of the study to gather a larger number
of survey respondents; therefore, most of the sites are located in the city centre; the ones that are
not located within the centre are places that either by their characteristics, size and/or values, are
frequented by a large number of citizens (e.g. the botanical garden of the city). Second, to give a
spread in traffic noise level between locations, the study used the noise map of equivalent sound
pressure level (LAeq) of the latest noise mapping by Goteborg Stad Miljo,?® based on data from
2013. Third, the number of activities that are performed at such places suggested by the city socio-
tope maps?® was considered.

The concept of sociotope maps was developed in Stockholm, Sweden as a map to reflect the
‘ecological, social and cultural values’ of the open space; since then, its attention has increased.3?
Sociotope means ‘place for human activities’,?® where the activities are linked to the experience of
a place. Following Lefebvre and Stahle words,>3 a sociotope map represents the users’ perceived
space in the collective (common) perception, where unique values are associated to the different
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open urban spaces. The maps are a tangible connection between the activities and functions per-
formed at a certain space and the influence it might have on the human perception.

In the city of Gothenburg, the sociotope maps were divided into zones, including a list of
activities.?? The maps were based on interviews with users and district managers, making an inven-
tory on site. Their intention is to be used in participation dialogues between stakeholders and
citizens?®3! in connection with changes and improvements in the city.

Since the interest of this article relies on how people use the common space and how the sound
environment can be relevant for it, the inclusion of the sociotope maps responds to the willingness
to investigate a possible agreement between the appropriateness of the sound environment and the
characteristics associated to a defined urban space (experience nature, safety, cultural heritage,
sports, etc.). With the introduction of the sociotope mapping as a criteria, the use of common space
shows a clear variation between sites, from a few activities to a greater number of them. Overall,
17 different site activities were collected from the 10 sites’ sociotope maps. The activities are
organised in descending order of appearance, meaning that the first activity is present in a greater
number of sites: rest, picnic, meeting point, green oasis, experience water, cultural heritage, play,
walk, events, flowering, experience nature, cultivation, play informal games, bath, fishing, street
sports and outlook.

Using sociotopes is supported by investigations as conducted by Lavia et al.,?! where they
have identified a strong relationship between sociotopes and soundscapes through a social sur-
vey. The intention of their study was that respondents relate social and recreational activities in
their favourite outdoor location and reflect on the appropriateness of sound sources. The in situ
experience was limited to the memories of the respondents of that place, narrowing the scope
of the study; however, their conclusions are a valuable starting point from which it is worth-
while to deepen. In this sense, recent efforts have been made with the intention of narrowing
the gap between laboratory experiments and in situ experiments, as the one presented by Bild
et al.,3? studying the relationship between use of space, context and the sound environment
evaluation through a virtual reproduction of scenarios. Another interesting approach is the one
by Echevarria Sanchez et al.,33 which compares the appreciation of several future renovation
alternatives of a public space (a bridge) using virtual reality technology. However, both are
immerse in the laboratory experience.

In this study, the corresponding location numbers, full names and acronyms of the sites are
shown in Table 1 along with their location in the city (see Figure 1) and a picture showing the
onsite survey at each location (see Figure 2). Nine locations ended up composing 10 study sites, as
one of them, KPM, was studied with good weather conditions (KPM sunny day) and bad ones
(KPM cloudy day), being finally considered as sites 3 and 4. Site number 10 (OP) did not exist
when the sociotope maps were created. This site was considered interesting since it is a roundabout
turned into a common space with a leisure space that includes a cafeteria, green areas and a water
fountain where children can play.

Figure 3 illustrates the locations according to the three criteria mentioned above: the number of
activities, the equivalent sound pressure level reflected in the city noise map of road traffic noise
during the day and the purposes of the analysed places.

Measurements and acoustic indicators

At each site, sound recordings were performed using an in-house developed acquisition tool named
TAMARA v0.218.3* Statistical noise descriptors were captured from A-weighted SPL as percen-
tiles: L5, L10, L50, L90 and L95 in dBA. Moreover, Zwicker’s loudness was collected, according
to the DIN 45631:199135 as an indicator to understand the auditory sensation (see Table 2). Data
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Table |. Sites description.

Site number  Site name Abbreviation Description
I Tridgardsféreningen TG Open green area in the city centre
2 Domkyrkan DK Urban area: pedestrian (shopping) street in the
city centre
3 Kungsparken KPM-sun Linear park in the city centre by the canal, in a
waterside sunny day
4 Kungsparken KPM-cloud Linear park in the city centre by the canal, in a
waterside cloudy day
5 Kungsparken KPR Linear park in the city centre exposed directly
roadside to road traffic noise
6 Hagakyrkan HK Urban park elevated form the surrounding roads
7 Botanical garden BT Open green area in the outskirts
8 Rodasten RS Open urban area by the river
9 Jarntorget JT Busy urban square that works as a hub for public
transport
10 Odinsplatsen OP Urban park in a roundabout

Figure 1. Number of places selected for this study.

collected through the TAMARA software is read using MATLAB. The analysis is performed in
MATLAB (v.R2016b), SPSS (v.23) and Excel.

Setup on sites included a large poster that informed people about the research study that was
being carried out about the quality of the city. The recording times varied between 20 and 25 min
and were repeated between 2 and 4 times until the number of respondents who had answered the
questionnaire had reached the desired number between 25 and 30. This number was chosen after
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Figure 2. Pictures showing the onsite survey at each site.
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Figure 3. Selection of sites according to the number of activities, sound pressure level and purposes of
the analysed places.

Table 2. Measured sound level.

Site TG DK KPM KPM KPR HK BT RS JT OP
Sun Cloud

Loudness (sone) 13.2 16.5 12.0 16.4 16.0 1.7 15.6 15.8 20.8 22.7

L5 (dBA) 59.6 64.3 59.9 63.6 64.3 59.9 64.1 63.2 66.2 68.0

L50(dBA) 54.1 56.6 53.6 55.3 58.2 53.0 58.1 58.6 61.9 64.3

L95 (dBA) 51.5 52.8 51.0 52.4 53.8 49.0 55.5 56.3 60.2 62.5

LEq (dBA) 56.7 61.2 56 61.4 60.9 55.3 59.9 60.1 63.4 65.3

TG: Tradgardsforeningen; DK: Domkyrkan; KPM: Kungsparken waterside; KPR: Kungsparken roadside; HK: Hagakyr-
kan; BT: Botanical garden; RS: Rédasten; JT: Jarntorget; OP: Odinsplatsen.

the test in the first site, considering these responses as a number of answers that provided a suffi-
ciently small uncertainty of the variation between sites.

All the equivalent sound pressure levels measured at this study exceeded 55 dBA. According
to the document ‘Specific objectives for good sound environment’3¢ developed by Gothenburg
city that should be accomplished latest by 2020, one of the objectives is that all parks and
green areas have noise levels below 50 dBA (Lday) in the greater part of the park. Another
main objective is that the population must have access to a good sound environment both
indoors and outdoors, making a clear reference to the outdoor noise level at home, which must
be less than 60dBA (Lday) at the most exposed facade for at least 90% of Gothenburg’s
population.

Questionnaire

The questionnaire is based on previous ones used to study the sound environment in the city of
Gothenburg.3” Moreover, a set of additional questions was added based on the research performed
by Kang et al.3340 The questionnaires were available in both Swedish and English. The first page
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Table 3. Suitable activities and abbreviations.

Suitable activities

Play informal games, group/collective exercise AGE
Appreciate cultural heritage ACULT
Appreciate parks and trees APARK
Experience vibrant street life AVIB
Hang out, chat, talk AH
Appreciate watercourses AWAT
Socialise with family/friends ASOC
Appreciate quietness and tranquillity AQT
Escape from city stress AESCSTR
Picnic/barbeque APIC
Jogging, running or other individual exercise AIEX
Shopping ASHOP
Travel/pass by ATRV

explained the instructions as well as the confidentiality treatment of the data in this voluntary
study. A copy of the questionnaire in English is included in the Appendix.

The questions were collected in four pages; the first set of questions was related to the visit
frequency and duration; also, closeness to home was asked in minutes and means of transport. To
continue, respondents were asked to answer about their main purpose to visit the site, marking a
maximum of three options, ranking them as 1, 2 and 3. For that, a list of common activities was
proposed, responding to the activities proposed by the sociotope maps. However, certain activities
were erased since it was not possible to perform them in the sites that were studied (e.g. fishing);
other activities were grouped (e.g. flowering, cultivation, green) or included in the list (e.g. shop-
ping). Knowing the main purposes for visiting the sites has to do with the function of the space. In
this way, users reflect their use of the space. The activities listed as main purposes to visit the sites
were ‘reading, children, pets, walking, sports, nature, tranquilly, meeting friends/relatives, shop-
ping, travel’; respondents had also the opportunity to add another activity that was not on the list
(e.g. coffee break). Next in order, the respondents were asked to answer about the general qualities
of the sites: overall quality (QA), visual quality (QV) and sound quality (QS) of the area on a
11-point scale from bad to very good.

The second set of questions dealt with the suitable activities for the specific location, respond-
ing to the previous study carried out in the city of Gothenburg,3” together with the list of sociotopes
developed by the city?® and the research done by Lavia et al.?! The list and their abbreviations, used
from now on in this study, are shown in Table 3 with a scale of 1-5 (‘not applicable, slightly, mod-
erately, very and perfectly’).

Other characteristics of the sites were requested, such as the organisation of surroundings,
cleanliness and safety. In addition to the question regarding the sound quality, two more questions
about the sound environment were added: the sound appropriateness to the site and the perceived
loudness. All these questions used a 5-point category scale: ‘not at all, slightly, moderately, very,
extremely’. Table 4 shows the abbreviations used for the general attributes, including the qualities
of the site requested in the questionnaire.

To study the perception of the sound environment, eight affective attributes based on the
research performed by Axelsson et al.> were selected following a 5-point category scale: ‘strongly
disagree, disagree, neither agree/nor disagree, agree, strongly agree’. In addition, respondents were
asked to complete a list of the main noticed sound sources in descending order, with a maximum
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Table 4. General attributes and abbreviations.

General attributes

Overall quality QA

Visual quality Qv

Sound quality Qs
Organisation of surroundings (O
Cleanliness CL

Safety SA
Appropriateness of the sound environment APPROP
Perceived loudness PERLOUD

Table 5. Characteristics of the respondents at each site.

Site TG DK KPM KPM KPR HK BT RS JT OP
Sun Cloud

Number of respondents 21 18 23 28 28 25 29 21 26 31

(valid questionnaires)

Female (%) 62 6l 59 52 62 54 54 62 50 48

Median visit time (min) 45 53 60 I5 70 5 120 60 10 35

Visitors to site at least | 9 44 14 35 0 58 19 47 65 36

time per week (%)

Mean age (years) 30 28 24 41 24 44 52 53 32 32

of five sound sources. These sources were later classified as mechanical, human and natural sounds.
The last page of the questionnaire included a set of personal questions (age, gender, occupation,
highest educational level) and a space to write comments about the questionnaire and research
purpose.

All respondents were current assistants to the sites, which means that they did not receive previ-
ous training, being different respondents in each of the sites. The team asked, one by one, the
people who passed or sat in the area if they wanted to participate in the study. This procedure took
between 30 and 120 min on each site.

Since the sample size was small (<35 samples per site), the Shapiro—Wilk test was run to verify
that all data were normally distributed (.83 <W <.97; p>.05), except for the adjective ‘monoto-
nous’ (p=.04). Afterwards, Pearson’s correlation analysis was performed among the different
variables.

Analysis, results and discussion

General characteristics of the respondents

The general characteristics of the respondents can be seen in Table 5. Sites 1 (TG), 2 (DK) and 3
(KPM-sun) had less than 25 respondents, since several questionnaires were rejected for different
reasons: in the questionnaires not completed in their entirety, the respondents indicated that they did
not have a normal hearing, lack of coherence in the questionnaires and so on. The percentage of
women in different locations was between 48% and 62%. The number of respondents who visits the
site at least once a week was relatively high in most places, with a mean value of 33% visitors.
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Figure 4. Three main purposes of users to visit the sites.

Users’ purposes to visit the sites and the relation with the sound measurements

Results on the main purposes of respondents to visit the sites are shown in Figure 4.

It is interesting to see how the same site, named KPM, studied in two different days, one sunny
and one cloudy, showed a different set of purposes for visiting the site. While with a sunny condi-
tion, activities were oriented towards ‘tranquillity’, ‘nature’ and ‘walking’, whereas during the
cloudy day, the activities were transitive as ‘travel’ or urban as ‘shopping’ and ‘meeting friends/
relatives’. In addition to the above, the most notorious differences with respect to the rest of the
sites were found at site KPR, characterised by being a popular place during the days of good
weather, bringing together young people to share leisure time.

The activities included in the sociotope maps are shown in Figure 5. Half of the main activities
carried out by the users were highlighted in the sociotope maps; however, activities marked as
main purposes for users, such as ‘travel/pass by’ as a transitory space and ‘shopping’, were not
collected as activities in the sociotope maps. Since site OP was not included in the sociotope maps
as it was build later, the site was included as ‘green’ due to the responses collected with respect to
main purposes of going to this area.

It can be concluded that sociotope maps are a good tool to analyse the functionality of a space;
nevertheless, further development is needed to successfully capture the experiences of citizens. In
this sense, the human response to how they want that space to be or how that space resembles other
spaces in their memory could influence how they are evaluated, since citizens may get used to
these types of stimuli, shaping the human perception of quality.

To go one step further in the sense-making study of the consequences of spatial production in
human experience, the main purposes to go to the different sites were divided into passive and
active (see Table 6). In the first group, ‘reading, walking, experience nature and experience tran-
quillity’ are associated, while the second includes ‘shopping, meeting friends/eating, travel/pass
by, pets and let the children to play’.

When the passive purposes of visiting the sites were marked as the main ones, QV was highly
correlated with them (r=.7435, p=.013), indicating that it is possible that the QV of the space is
important to develop these passive activities. About the sound environment, its appropriateness
was also highly correlated in a positive way (r=.7047, p=.022); when the APPROP is rated higher,
more passive purposes were realised.
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Sociotop map: site activities
Site name TG DK KPM KIP\-EJ KPR HK BT RS T
sunelou
Green oasis (enclosing, contrast with the environment, leafy, spatiality) x x x x x
Picnic X x X x X x X
Rest (peace and quiet, relaxation) x x @ x x x B x &
Meeting point (street life, socialise) x 2 . A x
Experience water (water sound, water movement) : 4 x x X x
Walk (with or without pet) X X X
Flowering (experience flowering, buy flowers) X x X
Events (demonstration, market, show) X - - -
Cultural heritage X . S S
Play (children) x x x ¥
Experience nature (forest, animals) x
Cultivation x
Play informal games (boulle) X
Bath (sunbathe, swim) x
Fishing X
Street sport (skateboard, basketball) x
Outlook (view, openness, air) x
Travel/pass by
Shopping

Figure 5. Sociotope activities marked with an X’ and the three main purposes highlight by the
respondents to visit the site — circle: first main activity; square: second main activity and triangle: third
main activity.

Table 6. Passive and active purposes as main purposes to visit the sites.

Passive and active purposes of respondents

Site TG DK KPM  KPM KPR HK BT RS JT OP

Sun Cloud

Main purpose: Active (%) 23.8 500 35.0 46.2 808 360 133 158 692 429
Main purpose: Passive (%) 762 500 650  53.8 192 640 867 842 308 571

TG: Tradgardsforeningen; DK: Domkyrkan; KPM: Kungsparken waterside; KPR: Kungsparken roadside; HK: Hagakyrkan;
BT: Botanical garden; RS: Rédasten; JT: Jarntorget; OP: Odinsplatsen

Passive purposes were also strongly correlated with PERLOUD in a negative relation (r=—.772,
p=.008). No significant correlation was found between passive purposes and the results of the
noise measurements. Likewise, passive purposes were also highly negatively correlated with the
‘chaotic’ affective attribute (r=—.701, p=.024). From these data, passive purposes seem to be more
appropriate when the perception of loudness is lower; however, no significant correlation was
found with the measured loudness. Similar conclusions are found when studying the different sites
and the measured and perceived loudness (see section ‘The perceived quality of the sound
environment’).

Sites’ overview

The variability of all the attributes in the studied sites is shown in Figure 6, where data have been
normalised to 0—1. The high variations between responses are found especially in activities such as
ATRV, AWAT and AESCSTR.
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Figure 6. Box plots of attributes.

Remarkable is the small variability of the attribute SA among all the answers and the adjec-
tive ‘annoying’. The latter can be subjected to an in-depth study to understand whether ‘annoy-
ance’ is the appropriate question/adjective to ask about the perception of the sound environment,
as it seems to be strongly influenced by other site properties and user perception; for example,
the users of a place usually go to it because they enjoy the area or have to go for different rea-
sons (e.g. buy something, go to their workplace, etc); this can lead to users getting used to
certain levels of noise, to some discomfort, or to certain visual qualities or lack of them, condi-
tioning their responses. One of the main limitations of the study is the relatively small sample
size and the fact that this could lead to a large dispersion among the responses at each of the
studied sites. However, the overlap between the responses of the sites (95% confidence interval
(CI)) could also indicate that there is a lack of understanding of this adjective among the
respondents (see Figure 7).

Sites” perceived qualities and general attributes

The perception of quality is important to study acceptance among users. In this study, three
qualities that qualify the sites were asked: QA, QV and QS. Levene’s test for equality of vari-
ances is carried out, showing that they have equal variances (p > .05). QA and QV are follow-
ing a very similar trend among sites, as shown in Figure 8 with a very strong positive
correlation (r=.943, p <.001). The analysis shows that the mean values of both have almost
a correlation of .95, which results in statistically similar responses, allowing a unique evalu-
ation of these two dimensions. QS also followed a positive correlation with QA (r=.747,
p<<.05) and QV (r=.683, p <.05). Along with it, other site attributes such as SA followed
the trend, being the quality assessment and the feeling of safety in the public space linked
together (r=.840, p<.01).
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Figure 7. Annoyance: answers from respondents at each site.
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Figure 8. Qualities of the sites.

The perceived quality of the sound environment. Following the idea of finding the correct questions
and the adjectives to be asked to non-trained ‘in situ’ respondents, the following paragraphs inves-
tigate the influence of the sites in the sound environment.

In our study, a high correlation is found between the mean values of the sites with respect to the
attributes QS and APPROP (r=.810, p <.05). Large overlaps of CI occured, implying that there
are no statistically significant difference between the sites; however, some statistical differences
appeared at certain sites, as can be seen in Figure 9. This lack of difference, which is already shown
in the attribute ‘annoyance’, entails that there may be a problem with understanding these con-
cepts, and larger samples are needed to evaluate this aspect. However, in this study, we want to
raise the question about the capacity of non-trained and regular ‘in situ’ users to judge their envi-
ronment according to the attributes we present to them.

To determine whether there is any statistically significant difference between the means of the
sites regarding these attributes, one-way analysis of variance (ANOVA) was performed to study
the significance of the previous analysis. This indicated that for both attributes, QS and APPROP,
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Figure 10. Measured loudness and perceived loudness.

Levene’s test of homogeneity of variances was not violated (p>.05), and there is a statistically
significant difference in the mean of QS (F(9, 198)=2.617) and APPROP (F(9, 198)=4.401)
between the different sites. However, it was shown that it was only significantly different (Tukey’s
post hoc test) for the QS attribute between sites KPM-cloud and BT, making almost all sound
qualities equal regardless of the sites, and in the APPROP attribute between sites TG and KPM-
cloud, TG and KPR, KPM-sun and KPM-cloud, KPM-sun and KPR and KPR and BT. PERLOUD
is also an attribute that determines the perception of the sound environment. Although high correla-
tions were found with QS (r=.737, p=.015) and APPROP (r=-.877, p=.001), the homogeneity of
variance (Levene’s test) was violated.

Despite seeing certain correlations between the attributes, a moderate positive correlation (r=.589)
has been found between the current measurement of loudness at the different sites and the mean
judgement of perceived loudness by the respondents in each site; however, this was not statistically
significant (p=.07). PERLOUD hardly varied in median value across all sites (see Figure 10). This
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Figure 11. Qualities of the sites and mechanical sounds as the most prominent source (red line).

lack of significant association between PERLOUD and the measured loudness could be due to the
lack of test power, being around 40%. Increasing the sample size appears as the most effective solu-
tion to increase test power. However, other variables are influencing this correlation, for example, the
purposes of the analysed sites. Larger number of sites with similar purposes and different loudness
levels should be tested.

Site qualities and mechanical sound sources. It has been argued that mechanical sound sources in
cities are the ones that lead to poor sound quality, taking control of other types of sound sources,
where the term ‘noise” has been generally understood as mechanical sounds.*! In general, this type
of sound sources have been among the most unpopular sounds*? and less pleasant, specially when
they come from private vehicles.*> However, how much does the presence of mechanical sources
influence the quality evaluation of the sites? In our study (see the red line in Figure 11), there is a
decrease in QS compared to QA and QV. This fact occurred not only in the sites with the highest
percentages of mechanical sources heard (>80%), such as sites 5 (KPR) and 8 (RS), but also in
sites with a much smaller number of mechanical sources heard (i.e. sites 1 or TG and site 10
referred as OP). A one-way ANOVA was performed by dividing the percentage of mechanical
sources as the main source heard into five groups: 0%—20%, 20%—40%, 40%—60%, 60%—80% and
80%—100%. No statistically significant difference was found between the percentage of mechani-
cal sources heard as the main source with respect to the QS (F(4, 203)=1.412; p >.05). With these
results, it seems that a greater presence of mechanical sound sources does not directly lead to a
poorer sound quality evaluation.

Of interest is the relationship between PERLOUD marked as high (4 and 5 on a scale 1-5) and
the percentage of mechanical sound sources mentioned within the three most prominent sound
sources. No positive trend was found (r=.51); nevertheless, the trend tended to increase (r=.61)
when percentages higher than 40 were considered for mechanical sound sources mentioned as
prominent, which means that this type of sources were the ones dominating the sound environment.
However, there are three sites that have the highest percentage for both attributes (see Figure 12). At
those sites, the vehicles are visible and located near by (denoted as ‘direct traffic noise’), compared
to the sites where the percentage of high perceived loudness is smaller. These results are in line with
several studies that emphasise the interaction effect between visual and auditory perception, starting
with Southworth* who highlighted the relationship between visual and acoustic urban experiences.
Other researchers conducted laboratory studies that found a significant improvement in certain
cases in the assessment of comfort when urban information was added.* In our study, relevant
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Figure 12. High mechanical sounds and perceived loudness.

research on notice-events supports the results, suggesting that sound-events play an important role
in the prevalence of noise annoyance,*%’ updated by studies on notice events.*

This is reinforced by using one-way multivariate analysis of variance (MANOVA) analysis, in
which the three sites with visible and near traffic are collected compared to the rest of the sites. The
intention is to see whether certain activities are more likely to take place in a type of site due to the
presence or the absence of direct traffic noise. The one-way MANOVA shows a significant multi-
variate main effect of this clustering of sites, where Box’s M test for equality was satisfactory
(p>.001). Levene’s test of homogeneity of the variance assumption was considered satisfied.

One-way ANOVA in each of the 13 dependent variables was performed as a way to determine
how the suitable activities differ between the two clusters of sites. Six suitable activities were sta-
tistically 51gn1ﬁcant ACULT (F(1,206)=34.471;p<.001; n .143);APARK(F(1 206)=14.953;
p<.001; np =.068d); AESCSTR (F(1, 206)=11.312; p=.001; n = 052) AQT (F(1,
206)=14.744; p<.001; np = 067) AIEX (F(1, 206)=24.237; p<<.001; np .105) and AVIB
(F(1,206)=16.331; p<.001; np =.073).

There is an interaction effect in certain activities ACULT, APARK, AQT, AESCSTR and AIEX
were more likely to occur in sites with no direct traffic noise. Conversely, AVIB activity is more
likely to be present in sites with direct traffic noise. The test highlighted that the presence of noise
events at sites that do not present direct traffic noise may influence the probability of performing
certain tranquil/silent activities.

Same site and different weather conditions

As noted, the KPM site was studied on two different days one when the weather conditions involved
a sunny day (KPM-sun), corresponding to site number 3, and the second during a cloudy day
(KPM-cloud), called site number 4. In general, both the judgement of the attributes (Figure 13) and
the suitable activities to be performed (Figure 14) differed substantially. The mean values of QA,
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Figure 14. KPM site (number 3 — sunny and 4 — cloudy) — suitable activities.

QV and QS quality characteristics were lower on the cloudy day. Other characteristics such as
‘organisation of surroundings’, ‘cleanliness’, ‘feeling of safety’ and APPROP also decreased,
while PERLOUD increased. Of all attributes, QA, QV, QS, OS and APPROP were statistically dif-
ferent (p <.05). The mean values of most of the suitable activities decreased on the cloudy day,
except AWAT and ATRV; nevertheless, only a few were statistically different (p <.05): AGEX,
APARK, AH, ASOC, APIC and AIEX.

Figure 15 represents the perception of the respondents according to the eight affective attributes
that characterise the site. With bad weather conditions (site 4, KPM-cloud), the site was perceived
with more intensity for most of the affective attributes, with a greater number of people classifying
it with higher scores. The attributes ‘pleasant’ and ‘calm’ maintained a similar distribution of results
during the 2 days. The results showed that in both cases, the respondents maintained a similarity of



Estévez-Mauriz et al. 325

Vibrant Chaotic Vibrant Chaotic

_ | Pleasant 1 )
% | v . /
Ny 1 » Pleasant
1 Uneventful | ‘
3

5
4
'0123 i

7 ¥4
Monotonous
“ Menotonous
Calm

Annoying Eventful

Uneventful
5

Calm

Annoying Eventful

Figure 15. Perception of sound environment in the KPM site. (Left) sunny day (number 3). Right: cloudy
day (number 4). The colours are normalised according to the number of responses, where light blue
represents a smaller number of respondents, increasing the number until reaching the dark blue.

responses to how pleasant the site was; however, other attributes such as ‘chaotic’ and ‘eventful’
were the ones that varied, having a greater number of people who classified them with higher scores
during the cloudy day. In first instance, this difference could respond to the weather conditions.
However, there were other variations that are mentioned below, which have also been able to con-
tribute to these differences. The sound levels increased during the cloudy day (see Table 2) around
5dBA (LEq). However, analysing only two sites, it is not possible to say that this increase in sound
levels was sufficient to have an impact on the perception of the site. Other factors such as the previ-
ously mentioned weather conditions or the different purposes to visit the site could have a certain
influence on the judgement of the respondents about the quality of the site. To know the causes of
these variations, more studies with larger samples and a larger number of sites are necessary.

Differences in functionality of spaces when different sources are accounted for

With nearly 70% of Europeans living in urban areas exposed to harmful noise levels
(Lday >55dBA) from road traffic,* the interconnections between urban planning and noise
reduction must be enhanced. One of these interconnections looks towards the evaluation of the
possible impact of noise levels on the activities that can be carried out in different places and
how their purposes are determining their functionality. In European agglomerations, land use
and planning measures represent around 15% of the total measures.>° Given that the most com-
mon tool for assessing the sound environment in our cities is the noise map based on noise from
road traffic, rail traffic, industry and aviation'? presented by the different European cities, this
article attempts to analyse whether the functionality of spaces can be interpreted from traffic
noise maps or need a full understanding of all sound sources present, including natural and
human sounds.

The study includes two different ways of studying the sound environment in terms of noise
sources. The first responds to the road traffic noise maps of the city of Gothenburg, counting only
the noise coming from road traffic (see Figure 3). The second way is the one made for this study
through in situ recordings that included the entire sound environment (see Table 2).

Large differences were found with respect to the LAeq values between sites with respect to the
two ways of studying the sound environment: the noise maps of the city of Gothenburg?® and the
recordings. For their study, the noise levels were grouped into three ranges: 50-55, 55-60 and
60-65dBA (LEq). Five sites (KPM-sun, KPR, BT, JT and OP) were kept within the same noise
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Figure 16. Suitable activities with road traffic noise: 50-55dBA.
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Figure 17. Suitable activities with road traffic noise: 55-60 dBA.

level range, while the rest presented higher noise levels when the recordings were considered. Sites
that showed the largest differences were sites DK and RS, jumping from the range 50-55 dBA to
the highest (60—65dBA).

To study the differences with respect to the suitable activities and the two different ways of
studying the sound environment in terms of noise sources, Figures 16—18 show the mean values
given by the respondents to the 13 suitable activities within the three ranges of groups of noise
levels. The suitable activities are presented in ascending order according to the overall mean value
marked by the respondents when the noise levels of the city noise maps are used. None of the
recordings showed noise levels within the first range of noise level groups, which shows that there
is a disagreement when other sound sources were included. Nevertheless, Figure 16 allows the
observation of activities that are most likely to be performed in the presence of low road traffic
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Figure 18. Suitable activities with road traffic noise: 6065 dBA.

noise levels. APARK appears together with ASOC and AH as highly present activities with low
noise levels, while ASHOP and AGEX are barely present.

In the second noise level group range, 55-60 dBA (Figure 17), a general tendency is appreciated
between the two ways of studying the sound environment in terms of noise sources, where most of
the suitable activities showed higher mean values when all sound sources were included. Activities
such as AWAT, AQT and ACULT presented the greatest disagreements (difference > .1). The mean
value of AWAT was higher when all sound sources were included, and the opposite occurred for
AQT and ACULT.

For the last noise level group range, 60—65 dBA, the trend is also maintained, presenting lower
mean values (see Figure 18). It can be concluded that the inclusion of all sound sources gave a
similar trend regarding the respondents’ appreciation of the suitable activities at the sites compared
to the noise map levels. This could help to give a first approximation of the type of area one that is
intended to be designed simply by the noise level of road traffic. However, variations to this must
be included, since the sound environment is composed of all the sound sources that affect the func-
tionality of the space. For example, the chances to perform activities such as AWAT, ACULT and
AQT cannot be clearly predicted by the road traffic noise levels.

It is worthwhile to study in depth the relationship of the sound environment and the functional-
ity of spaces, as well as to review whether the purposes of the analysed sites are having any influ-
ence. The following section studies a series of one-way multiple analyses of variance (one-way
MANOVA), illustrating further the differences between the two ways of studying the sound envi-
ronment in terms of noise sources and LAeq values with respect to certain dependent variables
(e.g. suitable activities). In the first analysis, the main research question was as follows:

To what extent can the suitable activities be identified from the group ranges of noise levels?
Therefore, 13 variables were selected corresponding to the suitable activities, which were normally
distributed (Kolmorov—Smirnof). One independent variable was studied with three levels corre-
sponding to the ranges of groups of noise levels: 50-55, 55—-60 and 60—65 dBA.

Accounting exclusively for road traffic noise. A one-way MANOVA revealed a significant multivariate
main effect from ranges of groups of noise levels, Pillai’s trace=.376, F(26, 388)=3.461, p<.001,
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Figure 19. Canonical discriminant functions: road traffic noise and suitable activities.

n; =188 ; therefore, the hypothesis was confirmed. A series of Levene’s tests were carried out for
the homogeneity of variance being considered satisfactory; however, 3 of the 13 Levene’s F tests
were statistically significant (p <.05), being not homogeneous; however, the standard deviations
were less than four times the size of the corresponding smallest one, suggesting a robust test.5!

To determine how the dependent variables differed with respect to the independent variable, a
one-way ANOVA was performed on each of the 13 variables. Only five of the suitable activities
were statistically significant: ACULT (F(2, 205)=7.234; p<.001; nﬁ =.066), AVIB (F(2,
205)=7.947;p <.001; né =.072); AQT (F(2,205)=8.556; p<.001; nﬁ =.077); AESCSTR (F(2,
205)=9.822; p<.001; n, =.087); ATRV (F(2, 205)=6.019; p <.003; nf, =.055).

A series of post hoc analyses (Scheffe) were carried out to study whether the ranges of groups
of noise levels differed in terms of suitable activities with statistical significance (p <.05). The low
noise levels (50-55dBA) differed from the high ones (60—-65dBA) in four of the five suitable
activities. In addition, four differed between the medium (55—-60dBA) and the high (60—65dBA)
noise levels. Only one suitable activity differed between low and medium noise levels. In this
sense, certain suitable activities constitute a useful tool to distinguish between the noise levels
present in the common spaces, but they were not capable of making this distinction if the levels
were low (50-55dBA) compared to the medium ones (55-60dBA). To illustrate the above, the
scheme of Figure 20 (left) presents how the suitable activities differed according to the equivalent
sound level (dBA) when only the road traffic noise is included.

To study the variables that will maximally discriminate among the three noise level groups in
the independent variable, the discriminant analysis was used showing that the group separation
(noise levels) can be better explained by two underlying dimensions that were statistically signifi-
cant, as well as their combination. The first dimension accounted for 20.7%, while the second
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Figure 20. Relation between suitable activities and LEq (dBA).

represented 16.8%. The first variable can be named as restorative—vibrant, since experiencing a
vibrant life on the street and hang out/chat/talk increase, the activity escape from city stress
decreases. Higher scores of vibrant activities and lower ones of restorative activities seemed to
matter for the high, medium and low noise level differences. The second discriminant function
responds basically to the cultural heritage appreciation, as opposed to the appreciation of water-
courses. Figure 19 shows the two discriminant functions, where highest noise levels tend to be at
the most active negative end of dimension number one.

Regarding the accuracy of our predicted model with respect to the group ranges of noise levels,
the cross-validation showed that the model is able to correctly predict about 50.7% of the outcomes
for the low noise levels according to our variables predictors, 61.8% for the medium levels and
40.9% for the high noise levels, obtaining an average level of accuracy of 53.4% determination
regarding the relationship between the performance of certain activities and the noise level.

Noise levels from recordings, including all sound sources. To compare the previous results with those
obtained by the actual recordings, the association of the noise levels recordings and the suitable
activities was studied. Next, an analysis was carried out as to whether this differs from what was
studied previously, which only took into account the sources of traffic noise. The one-way
MANOVA shows a significant multivariate main effect of the ranges of groups of noise levels from
recordings, Pillai’s trace=.403, F(13, 194)=10.059, p<.001, ni =.403, highlighting the hypoth-
esis that certain suitable activities can be identified from the groups of noise levels recorded. A
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series of Levene’s test homogeneity of variance was considered satisfactory. Of the 13 suitable
activities, 4 were statistically significant (p <.05) not being homogeneous; however, the standard
deviations were less than four times the size of the corresponding smallest one’! and the Box’s M
test for equality was satisfactory (p>.001).

The one-way ANOVA in each of the 13 activities was carried out as a way of determining
how the activities differ for the ranges of groups of noise levels. Eight activities were statisti-
cally significant, this being a greater number than in the previous analysis with four of them
coinciding: ACULT (F(1, 206)=12.068; p=.001; n = 055 ), AESCSTR (F(1, 206)=26.689;
p<.001; np 115); AVIB (F(1,206)=15.607; p < 001 np =.070) and AQT (F(1,206)=36.1;
p < .001; np .149). The rest of the suitable actlvmes were AIEX (F(1, 206)=9.547; p=.002;
ng =.044); APT (F(2, 205)=40.961; p <.001; np 166) APIC (F(1, 206)=12.908; p <.001;
N, =-059) and ASHOP (F(1, 206)=11.131; p<<.001; n =.051). No post hoc analysis was
performed since only two groups were found within the 1nd1V1dual variable: (1) 55—-60 dBA and
(2) 60-65dBA.

The scheme in Figure 20 (right) shows how the suitable activities differed according to the
equivalent sound level (dBA) when all sound sources were taken into account. The study of the
variables that will discriminate as much as possible between the two groups of noise levels was
performed through a MANOVA. The discriminant analysis showed that the group separation
(recorded noise level) can be better explained with an underlying dimension statistically signifi-
cant, which explains 40.2% of the canonical variance. The variable reflects a tranquil-vibrant
dimension: when APARK and AQT activities increased, AVIB and AWAT activities decreased.
Among the sites analysed, AWAT does not coincide with the tranquil end of the dimension, taking
place in vibrant places or making these places more vibrant.

The model shows an average level of accuracy of 79.3% being much higher than for the previ-
ous one. However, this model contains two groups of noise levels instead of the previous three,
since in this case none of the sites had noise levels <55dBA.

Comparison: road trdffic noise maps and noise levels from recordings. A certain tendency is observed
when comparing the two sound environments, one that only takes into account the road traffic
noise and the other that includes the entire sound environment (using recordings). A greater num-
ber of activities is identified (see Figure 20) when the recordings are used, although it should be
taken into account that the recordings contained two groups of noise levels instead of three. The
study of common places with lower noise levels is necessary to improve the comparison; neverthe-
less, finding such places that are also used by regular citizens is a challenge since at least four sites
were marked by the noise map of the city with road traffic noise levels <55dBA, while in reality,
taking into account all sources of noise, these levels were higher.

Summarising these last two analyses, Figure 20 presents how the mean values of the suitable
activities varied according to the noise levels, both recorded and those of the noise map of the city.
Although the results are not always consistent, a trend can be observed in both situations. The
inconsistency appeared in the activities AQT and AESCSTR; when the noise level increased from
the lower range (50—55dBA) to the medium (55—-60 dBA), the mean level marked by the respond-
ents of both possible activities increased as well, but there was a decrease in the passage to the high
level of noise (60—65dBA). The same inconsistency, in the opposite direction, occurred in the
ATRYV activity. The low number of sites and respondents could be a possible cause for this disa-
greement. In addition, ranges of 5dBA could lead to undetected variations between these ranges.
Despite this, it seems reasonable that this type of analysis with a larger number of respondents and
sites could lead to more consistent results and robust conclusions that can help in the study of the
common space and the sound environment.
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Figure 21. Canonical discriminant functions: purposes of the analysed sites and suitable activities.

Purposes of the analysed sites and their influence on the functiondlity of spaces. Finally, a second ques-
tion about the functionality of spaces is proposed: Do the purposes of the analysed places influence
the functionality of spaces? In this case, the sites were clustered according to five purposes: open
green areas (sites 1 and 7), parks as linear green areas (sites KPM-sun, KPM-cloud and KPR),
parks surrounded by road traffic noise (sites HK and OP), open urban area (site RS) and urban area
(sites DK and JT).

To check the hypothesis of whether certain suitable activities can be identified from the purposes
of the analysed sites, a one-way MANOVA was performed (Pillai’s trace=1.273, F(52, 776)=6.694,
p<<.001, nﬁ =.318), emphasising that certain suitable activities can be identified from the purposes
of the site. Therefore, this hypothesis was confirmed and sites’ purposes have a significant impact on
the functionality of spaces. To test the homogeneity of variance, a series of Levene’s F testing was
considered satisfied; however, 4 of the 13 Levene’s F tests were statistically significant (p <.05). As
a consequence, a series of one-way ANOVA’s on the suitable activities was executed. All the suitable
activities were statistically significant: AGEX (F(4,203)=9.391; p<.001; T]IZJ =.156), ACULT (F(4,
203)=4.867; p=.001; ni =.088), APARK (F(4, 203)=16.132; p<<.001; ni =.241), AVIB (F(4,
203)=8.858; p<.001; nf) =.149), AH (F4, 203)=4.116; p=.003; nf, =.075), AWAT
(F(4, 203)=6.914; p< .001;211; =.12), ASOC (F(4, 203)=6.036; p<.001; n; =.106), AQT (F(4,
203)=13.638; p<.001; M, =.212), APIC (F(4, 203)=16.855; p<.001; nf, =.301), AIEX
(F(4, 203)=10.091; p<.001; 12 =.166), ASHOP (F(4, 203)=20.432; p<<.001; nﬁ =.287) and
ATRV (F(4, 203)=11.648; p< .081; 1112) =.187).

To identify the purposes of the analysed sites that differ from the others regarding the suitable
activities in a statistically significant way, a series of post hoc analyses (Scheffe) studied the indi-
vidual mean difference comparisons through the five purposes site clusters (p <.05). ‘Urban areas’
were the ones showing a larger number of differences with respect to the rest of the site clusters,
followed by ‘Open green areas’. The suitable activities APARK and AQT at the urban areas
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differed from the rest of the site clusters. Regarding the ‘Open green areas’, the suitable activities
ASHOP and AESCSTR differed from the other four site clusters. Also, activities such as AWAT,
ASOC, APIC and AIEX differed except for the ‘Parks surrounded by road traffic noise’, which
meant that certain suitable activities can be carried out indistinctly in areas such as purely urban or
in parks surrounded by traffic.

To continue the study of the variables that will maximally discriminate among the five purposes
groups, the discriminant analysis shows how the suitable activities are combined to maximally
discriminate between the five clusters of purposes of the sites. This can be best explained with four
underlying dimensions that are statistically significant; however, only three will be explained,
since the fourth had a lower value of np, 64.4% of the variance in the first dlscrlmlnant dimension
is accounted for by the first composite. The second one had a value of 29.7% of np and the third
of 20.9%. In the one-way ANOVA analyses series of the dependent variables, all of them were
significant. The discriminant analysis shows that the separation of spatial groups (see Figure 21)
can be better explained in terms of three underlying dimensions. At the first dimension, the activi-
ties ASHOP, AVIB and ATRV contributed in an opposite direction to the activity AESCSTR. The
second showed that activities AGEX and AH went hand in hand in the opposite direction to the
activities ACULT and ASOC. The third one reflected that the activity AWAT went together with the
activity AIEX, however, opposed to the activity AQT, demonstrating once again that the apprecia-
tion of watercourses does not coincide with the tranquil end of the dimension.

The first dimension has been named as the restorative—vibrant dimension, since both dimen-
sions have been clearly found in previous studies. Regarding the vibrant dimension, the study on
urban outdoor soundscapes by Axelsson et al.?> associated the perception of sounds with eight
categories, which were used in this study, including the vibrant one as one of them. The study con-
nected the two-dimensional space representations of the urban soundscape with the second compo-
nent called ‘Eventfulness’, explained by the adjectives Eventful, Lively, Uneventful, Full of life
and Mobile. Based on these, Aiello et al.>? have associated the adjective ‘vibrant’ with crowds of
people by looking through picture tags in social media the relationships between the perception of
peoples and soundscapes. Crowds are found in activities as those mentioned previously for this
study (ASHOP, AVIB and ATRV). However, several studies have highlighted the importance of
restorative experiences to achieve a good quality of life.33-35 The study of natural environments has
been gaining attention, as these sites have been preferred as places capable of providing restorative
experiences.>” In this line, Gidl6f-Gunnarson et al.>* found that the presence of green areas/parks
near the home as places for outdoor activities may support restoration by giving opportunities to
escape from stressful situations in cities and noise. Moreover, activities have also been studied
regarding perceived restoration. Payne® found that there is an influence of the activities carried out
by the users, having a significant interaction effect in predicting the levels of perceived restoration.
In this sense, the activity AESCSTR in this study is included in this dimension.

Concluding remarks

In this study, a series of analyses was carried out to study how people use common space influ-
enced by the sound environment. This article complements a series of studies aimed at closing the
gap between the current situation in cities with respect to environmental, spatial and functional
aspects and the practice of urban planning. The intention is to know more about the consequences
that a certain spatial production might have on the human sound experience.

In this section, a series of selected conclusions are emphasised; however, for a more detailed
explanation, please review the section ‘Analysis, results and discussion’. We are aware that our
research has several limitations, and the reader must be aware of them. The first and probably the
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one that could substantially improve the results is that further data collection (more respondents
per site and more sites) is required to determine certain interactions and affections. In addition, a
possible bias in the answers by the respondents should be considered; for example, there might be
an overlap between certain activities presented in question 8 (‘hang out’ and ‘socialise with
friends”) and further research is needed on the validity of the selected activities. Since people that
appeared to be in a hurry were usually not asked, there could be a bias in the purposes for visiting
the sites, as a larger proportion of the activity ‘passing through’ could be missed. Also, grammatical
errors are present in the questionnaire that should be revised. Moreover, as indicated in this article,
respondents may not fully understand the meaning of certain adjectives such as ‘annoying’.

o In the study, we were interested in identifying to what extent the suitable activities could be
identified by the equivalent sound pressure levels. The study shows that there is an associa-
tion, with discriminant functions being found that mainly identify a tranquil/restorative—
vibrant dimension. One of the results showed that differences in scores of vibrant activities
and restorative activities are relevant in terms of differences of high, medium and low sound
levels. In this sense, higher noise levels tend to be at the more active end of the discriminant
function for the calculated road traffic noise levels.

e Regarding the respondents’ assessment of the suitable activities in the different sites, the
inclusion of all the sound sources to study the sound environment gave, in general, a similar
tendency when only road traffic noise sources were taken into account.

o The results of road traffic noise mapping could serve mainly as a first approximation to study
the sound environment of the city and the use of common spaces, for example, in the develop-
ment of a new urban area or renewing a consolidated part of the city. However, in these results,
certain activities showed disagreements, which indicates that recordings should be included to
adequately evaluate the functionality of the space, especially when studying activities such as
‘appreciation of quietness and tranquillity’, ‘appreciation of watercourses’ and ‘appreciation
of cultural heritage’.

o Following the previous item, the accuracy of the model to predict the membership ranges of
the noise levels was much higher when measured sound levels were studied, increasing the
accuracy by 25%. One limitation of this comparison is that the measured sound levels only
contained two ranges of groups of noise levels, since none of the studied sites presented
equivalent sound pressure levels (LAeq) below 55dBA. However, this improvement of
accuracy is worth to be studied thoroughly. It may have important implications for the
investigation of the urban sound environment and the corresponding consequences in the
urban planning of our cities. It can be stated that, as a first approximation, the study of noise
maps based on road traffic noise is sufficient to study how the people use the common space,
however, to increase accuracy, and sound recordings are needed, even when the urban sound
environment is studied only through equivalent sound pressure levels.

¢ Nine common spaces were studied leading to 10 sites, since one of them was studied during
two different weather conditions. The sites had different spatial and functional characteris-
tics. Among them, there was not a great variability in the quality judgement (overall, visual
and sound quality) due to the variability in the sites: 25% for both overall and visual quality
and 10% for the sound quality. The results of the visual and overall quality showed a high
correlation, allowing both to be analysed as a single attribute.

e On the purposes of a place and the functionality of spaces, the urban areas are clearly distin-
guished from the rest of the purposes of the analysed site clusters in terms of suitable activi-
ties, followed by green open areas.

e Passive purposes to visit sites (reading, walking, experience tranquillity and experience
nature) were positively correlated with the appropriateness of the sound environment and
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visual quality and negatively with perceived loudness. However, no significant correlation
was found with the noise measurements.

e A certain positive correlation between loudness and perceived loudness, however, was not
strongly significant, where the perceived loudness median values did not vary across sites.
The lack of test power might be the cause for such finding; however, other variables could be
influencing this correlation, for example, the purposes of each site. For this, a larger number
of sites with similar spatial characteristics and different loudness levels should be tested.

e Sound quality was not correlated in a strong way with the suitable silent activities,
which explains that a higher sound quality can be achieved not only by promoting silent
activities.

e Of interest is the study of the sound environment through its appropriateness. There are still
many questions about what is important, especially in the in situ studies. In this study, the
ratings for the quality of sound and the appropriateness of the sound environment showed a
high correlation, and people tend to rate the quality of sound higher than its appropriateness
to the place. It should not be forgotten that, in spite of the statistically significant difference,
only a few sites differed at the given level of confidence, indicating a possible lack of under-
standing of the attributes by the non-trained respondents.

o In the study of the same site with different weather conditions, the judgement of the sound
environment and other qualities as visual differed; however, more studies must be carried
out to yield conclusive outcomes. Together with the weather conditions, other reasons
might be influencing the respondent’s judgement. For example, the difference with respect
to the LAeq and the users’ purposes to visit the site could be relevant for quality assess-
ments. In this sense, during the sunny day, a greater number of respondents went to the
sites to perform activities such as ‘walking’, ‘appreciate nature’ and ‘appreciate tranquil-
lity’. During the cloudy day, the main purposes differed towards urban purposes like
‘meeting friends’, ‘shopping’ and ‘travelling’.

e The presence of mechanical sound sources as the main source was not correlated with poor
sound quality. In this sense, studies as the one carried out by Nielbo et al. '* demonstrated in
laboratory experiments that when the listener has a particular activity in mind, certain sound
sources get a certain value; however, when performing another activity, those sound sources
might be irrelevant.

o The sites with the highest proportion of mechanical sound sources heard and a high level of
perceived loudness were also those with visible road traffic (clear view and not very dis-
tant), which indicates the importance of noise events.
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